- 2 -
5D/1300-E
	Radiocommunication Study Groups
	[bookmark: ditulogo][image: ]

	
	

	
	

	[bookmark: recibido][bookmark: dnum]Received:	10 September 2019
	Document 5D/1300-E

	[bookmark: ddate]
	10 September 2019

	[bookmark: dorlang]
	English only

TECHNOLOGY ASPECTS

	[bookmark: dsource]Nufront (Beijing) Technology Co., Ltd

	[bookmark: drec]UPDATED submission of candidate IMT-2020 
radio interface technology (EUHT)

	[bookmark: dtitle1]


[bookmark: dbreak]1	Introduction
This document is an update to Document 5D/1238, that provides additional clarifications in continuation of the RIT (EUHT) submission made to WP 5D Meeting#32 (held from 9th to 17th July 2019 in Búzios, Brazil).
2	Submission templates and self-evaluation report
The updated version of characteristics template, link budget template, compliance template and self-evaluation report of the proposed candidate radio interface technology are provided in the attachment. The EUHT specification and the notes about the changes is are also attached for information.
Attachments:	7
Attachment 1:	characteristics template for EUHT RIT.zip


Attachment 2:	compliance template for EUHT RIT.zip


Attachment 3:	additional information – link budget.zip


Attachment 4:	additional information – self-evaluation report.zip


Attachment 5:	General Patent Statement.zip


Attachment 6:	EUHT Specification.zip



[bookmark: _GoBack]Attachment 7:	changesNotes.zip




______________
M:\BRSGD\TEXT2019\SG05\WP5D\1000\1300e.docx	10.09.19	10.09.19
M:\BRSGD\TEXT2019\SG05\WP5D\1000\1300e.docx	10.09.19	10.09.19
characteristics template for EUHT RIT.zip


characteristics template for EUHT RIT.docx

- 1 -


- 9 -


[bookmark: _GoBack]Characteristics template for EUHT RIT


The description templates describe the characteristic of EUHT RIT. The EUHT RIT developed by NUFRONT supports both Sub-6GHz bands (from 450MHz to 6000MHz) and millimeter wave bands (mmWave bands, e.g. above 24GHz). 





			Item


			Item to be described





			5.2.3.2.1


			Test environment(s)





			5.2.3.2.1.1


			What test environments (described in Report ITU-R M.2412-0) does this technology description template address?


This proposal addresses all the five test environments across the three usage scenarios (eMBB, mMTC, and URLLC) as described in Report ITU-R M.2412-0.





			5.2.3.2.2


			Radio interface functional aspects 





			5.2.3.2.2.1


			Multiple access schemes


Which access scheme(s) does the proposal use? Describe in detail the multiple access schemes employed with their main parameters.


· Downlink and uplink 


      The multiple access is a combination of 


· OFDMA: The base station allocates mutually orthogonal frequencies to different users to transfer data. The minimum allocable frequency resource of the OFDMA is 16 sub-carriers (Resource Unit, RU).  The sub-carrier spacing of EUHT in Sub-6GHz bands is 78.125KHz/ 39.0625KHz/19.53KHz. The sub-carrier spacing of EUHT in mmWave bands is 390.625KHz. 


· The CP-OFDM is applied for both downlink and uplink. The CP ratio can be configured to 1/4 or 1/8.


· TDMA: The base station allocates different OFDM symbols to different users to transfer data. The granularity is one OFDM symbol. 


· SDMA: Transmission to/from multiple users uses the same time/frequency resource. (For more details, see Item 5.2.3.2.9).





			5.2.3.2.2.2


			Modulation scheme





			5.2.3.2.2.2.1


			What is the baseband modulation scheme? If both data modulation and spreading modulation are required, describe in detail.


Describe the modulation scheme employed for data and control information.


What is the symbol rate after modulation?


For Sub-6GHz bands:


- Downlink and Uplink 


· For both data and higher-layer control information: BPSK, QPSK, 16QAM, 64QAM，256QAM, 1024QAM. 


· L1/L2 control: BPSK and QPSK


· Symbol rate: 69.4K symbols/s (When the OFDM symbol duration is 14.4us and the 1/8-ratio CP is applied)





For mmWave bands: 


- Downlink and Uplink 


· For both data and higher-layer control information: BPSK, QPSK, 16QAM, 64QAM，256QAM, 1024QAM. 


· L1/L2 control: QPSK


· Symbol rate: 347.2K symbols/s (When the OFDM symbol duration is 2.88us and the 1/8-ratio CP is applied).





			5.2.3.2.2.2.2


			PAPR


What is the RF peak to average power ratio after baseband filtering (dB)? Describe the PAPR (peak-to-average power ratio) reduction algorithms if they are used in the proposed RIT/SRIT.


The PAPR depends on the waveform and the number of sub-carriers. 


- Downlink and Uplink 


Both the uplink PAPR and the downlink PAPR are 8.6dB (99.9%). 


All the PAPR reduction algorithms are implemented at the transmitter irrespective of uplink or downlink. The CFR (Crest Factor Reduction) algorithm may be used to reduce the PAPR to 7dB or even lower. 





			5.2.3.2.2.3 


			Error control coding scheme and interleaving





			5.2.3.2.2.3.1


			Provide details of error control coding scheme for both downlink and uplink.


For example, 


–	FEC or other schemes?


The proponents can provide additional information on the decoding schemes.


· Downlink and Uplink 


· For TCH data: Support low density parity check (LDPC) coding and convolutional coding. The LDPC channel coder facilitates the low-latency and high-throughput decoder implementation. Bit interleaving is optional for the LDPC. The LDPC and convolutional coding, combined with rate matching based on shortening/puncturing/repetition, achieve all the needed code rates.    


· For L1/L2 control: 


Convolutional coding with 1/2 in URLLC mode; LDPC with 4/7 code rate is used in other modes.  





The decoding mechanism is implemented specific for the receiver. Examples of information on the decoding mechanism is provided together with the self-evaluation document. 





			5.2.3.2.2.3.2


			Describe the bit interleaving scheme for both uplink and downlink.


· Downlink and Uplink 


· For TCH data: Bit interleaving is performed for convolutional coding and it is optional for the LDPC coding.


· For L1/L2 control: Bit interleaving is performed after convolutional coding is completed. 





			[bookmark: _Hlk496631322]5.2.3.2.3


			Describe channel tracking capabilities (e.g. channel tracking algorithm, pilot symbol configuration, etc.) to accommodate rapidly changing delay spread profile.


For Sub-6GHz bands:


To support channel tracking, different types of reference signals can be transmitted on downlink and uplink respectively.


Downlink:


· DL short preamble can be used for synchronization; long preamble (a.k.a. common reference signal, CRS) can be used for downlink channel estimation and for coherent demodulation of control channel (CCH).


· Downlink demodulation reference signals (DL-DRS) can be periodically inserted for downlink channel estimation and coherent demodulation of downlink transmit channel (DL-TCH). The DL-DRS period is configurable.


· Downlink sounding reference signals (DL-SRS) can be used for downlink channel sounding.


· Phase tracking pilots can be used for channel tracking, the residual frequency offset compensation of downlink, and the common phase offset compensation. 





Uplink:


· Uplink demodulation reference signals (UL-DRS) can be periodically inserted for uplink channel estimation and coherent demodulation of uplink transmitting channel (UL-TCH). The UL-DRS period is configurable.


· Uplink sounding reference signals (UL-SRS) can be used for uplink channel sounding.


· Phase tracking pilots can be used for channel tracking, the residual frequency offset compensation of uplink, and the common phase offset compensation.





For mmWave bands:


To support channel tracking, different types of reference signals can be transmitted on downlink and uplink respectively.


Downlink:


·  Directional System information channel (D-SICH) with different beampattern can be used for completing the base station TX antenna beam training. 


· Downlink training sequence (DL-TRN) can be used for downlink channel tracking and beam tracking.


· DL preamble can be used for synchronization 


· Downlink demodulation reference signals (DRS) can be periodically inserted for downlink channel estimation and the demodulation of downlink transmission channel and control channel (CCH & DL-TCH).


· Downlink sounding reference signals (DL-SRS) can be used for the downlink channel sounding.


· Phase tracking pilot frequency can be used for channel tracking, the residual frequency offset compensation of downlink, and the common phase offset compensation.


Uplink:


·  Directional System information channel (D-SICH) with different beampattern can be used for completing the user TX antenna beam training. 


· UL TRN can be used for uplink channel tracking and beam tracking.


· Uplink demodulation reference signals (UL-DRS) can be periodically inserted for the uplink channel estimation and the demodulation of uplink transmission channel (UL-TCH).


· Uplink sounding reference signals (UL-SRS) can be used for the uplink channel sounding.


· Phase tracking pilot frequency can be used for channel tracking, the residual frequency offset compensation of uplink, and the common phase offset compensation.


Details of channel tracking/estimation algorithms belong to the category of receiver implementation. For example, the MMSE-based channel estimation can be used to appropriately interpolate in the time and frequency domain. 





			5.2.3.2.4


			Physical channel structure and multiplexing 





			5.2.3.2.4.1


			[bookmark: OLE_LINK2]What is the physical channel bit rate (M or Gbit/s) for supported bandwidths?


i.e., the product of the modulation symbol rate (in symbols per second), bits per modulation symbol, and the number of streams supported by the antenna system.


The bit rate of the physical channel depends on the modulation mode, code rate, number of spatial streams, number of data subcarriers and FFT size of channel bandwidth, cyclic prefix (CP) length, and subcarrier spacing. For each spatial stream, the bit rate of the physical channel can be expressed as








·  is the coding rate.


·  is the number of the bits used by each subcarrier modulation symbol (BPSK: 1, QPSK: 2, 16QAM: 4, 64QAM: 6, 256QAM: 8, 1024QAM: 10)


·  is the number of data subcarriers. NFFT is the FFT size of the channel bandwidth. NCP is the cyclic prefix length.


·  is the subcarrier spacing. Please refer to section 5.2.3.2.7.


·  is number of spatial streams.





For example, a 100 MHz bandwidth with 1120 subcarriers using 78.125KHz subcarrier spacing, 7/8 coding rate, 1/8 CP ratio, 8 spatial streams, and 1024QAM modulation results in a physical channel bit rate of 5.44 Gbit/s.





			5.2.3.2.4.2


			Layer 1 and Layer 2 overhead estimation.


Describe how the RIT/SRIT accounts for all layer 1 (PHY) and layer 2 (MAC) overhead and provide an accurate estimate that includes static and dynamic overheads.


For Sub-6GHz bands: 


- Downlink: 


The downlink L1/L2 overhead includes: 


1. Different types of reference signals         


a)  DL-TCH demodulation reference signals (DRS)   


b) DL sounding reference signals (DL-SRS)


2. The L1/L2 System Information and Control signalling (SICH/CCH). 


3. The short preamble (S-Preamble) and the common reference signal (CRS) are 1 OFDM symbol respectively. With exception of URLLC scenario, the S-Preamble and CRS are multiple PN sequences. 


4. The L2 MAC PDU header.  





			Reference signal type


			Example configurations


(2ms frame length, 20MHz, 78.125KHz subcarrier spacing, short CP)


			Overhead for example configurations





			S-Preamle & CRS


			Both the S-Preamble and the CRS are 1 OFDM symbol generally. 


In the URLLC scenario, the S-Preamble is 7 PN sequences with 255 points and the CRS is a 511-point PN sequence (Simultaneously put 64 zeros before and after the sequence respectively as two channel protection spacings). 


			1.44% 





6.06% in the URLLC scenario 





			SICH/CCH


			SICH is an OFDM symbol and CCH is at least 2 OFDM symbols generally. 


In the URLLC scenario, SICH/CCH is 8 OFDM symbols. 


			At least 2.16%





5.76% in the URLLC


scenario 





			DRS


			DRS is 1, 2, 3, 4 OFDM symbols generally. 


In the URLLC scenario, there is no DRS and its role is replaced with the CRS. 


			0.72% - 2.88%. 





			DL-SRS


			SRS is 1, 2, 3, 4 OFDM symbols per 10 frames (20ms)


			0.072% - 0.288% 











- Uplink: 


The uplink L1/L2 overhead includes: 


1. Different types of reference signals 


a) UL-TCH demodulation reference signals (UL-DRS)  


b) UL sounding reference signals (UL-SRS) 


2. The L2 controls the overhead such as random access, uplink time alignment control, power headroom report and buffer status report. 


3. The L2 MAC PDU header.  





			DRS


			The DRS is 1, 2, 3, 4 OFDM symbols generally. 


In the URLLC scenario, the CRS is a 511-point PN sequence (Simultaneously put 64 zeros before and after the sequence respectively as two channel protection spacings).


			0.72% - 2.88%. 





1.59% in the URLLC scenario. 





			UL-SRS


			SRS is 1, 2, 3, 4 OFDM symbols per 10 frames (20ms)


			0.072% - 0.288% 











For mmWave bands: 


- Downlink: 


The downlink L1/L2 overhead includes: 


1. Different types of reference signals


c)  Demodulation reference signals (DRS) for DL-TCH and CCH   


d)  DL sounding reference signals (DL-SRS) 


2. Sequence for beam training and tracking (DL-TRN)


3. DL preamble


4. Synchronous signals and demodulation reference signals in D-SICH with different antenna beam pattern used in beam training.


5. L1/L2 control channels (CCH), at most 30 OFDM symbols. 


6. The L1/L2 downlink feedback signalling is transmitted in the header of DL-TCH, at most 15 OFDM symbols. 


7. The L2 MAC PDU header.  


- Uplink:


The uplink L1/L2 overhead includes: 


4. Different types of reference signals 


a) UL-TCH demodulation reference signals (UL DRS)  


b) UL sounding reference signals (UL-SRS)


5. Sequence for beam training and tracking (UL-TRN)


6. Random access channels (RACH) 


7. The L1/L2 uplink feedback signalling can reach at most 15 OFDM symbols when it is transmitted in UL-TCH. 


8. L2 MAC PDU headers.  





The overheads caused by different overload types are shown in the following table. 


			Signal type 


			Example configurations (20ms frame length, 100MHz bandwidth, short CP)


			Overhead calculation 





			DL-DRS


			1 OFDM x Nss 


			1ofdm/1ms*(19/20)*Nss


=0.27%*Nss





			DL-SRS


			1 OFDM x Nss 


			1ofdm/1ms*(19/20)*Nss


=0.27%*Nss 





			DL-TRN


			3 OFDM x Ntx*Nrx 


			0.81%* Ntx*Nrx





			SICH/RACH


			1ms


			1ms/20ms = 5%





			CCH


			30 OFDM


			8.2%





			DL-signalling


			15 OFDM 


			4.1%





			DL-preamble


			1 OFDM 


			1ofdm/1ms*(19/20)


=0.27%





			UL-DRS


			1 OFDM x Nss 


			1ofdm/1ms*(19/20)*Nss


=0.27%*Nss





			UL-SRS


			1 OFDM x Nss 


			1ofdm/1ms*(19/20)*Nss


=0.27%*Nss





			UL-TRN


			3 OFDM * Ntx*Nrx 


			0.81%* Ntx*Nrx





			UL-signalling


			15 OFDM 


			4.1%








Note:


Nss: number of the spatial streams. 


Ntx: number of the TX antennas. 


Nrx: number of the TX antennas.





			5.2.3.2.4.3


			Variable bit rate capabilities: 


Describe how the proposal supports different applications and services with various bit rate requirements.


For the specified combinations of modulation modes, code rates and spatial multiplexing layers, the scheduler can control the effective data rates of users by allocating different resource unit (subcarrier set) quantities. When there are multiple services, the allocable resources and the available resource-based data rates can be shared by all the services.





			5.2.3.2.4.4


			Variable payload capabilities:


Describe how the RIT/SRIT supports IP-based application layer protocols/services (e.g., VoIP, video-streaming, interactive gaming, etc.) with variable-size payloads.


The protocol data unit of EUHT system includes MPDU and GMPDU. The data payload of the MPDU supports the size variation and the application layer protocol and services completely based on IP. The GMPDU (EUHT transport block) consists of several MPDUs and MPDU segmentations. The number of the MPDUs is determined by the wireless resources distributed by the current frame. 





			5.2.3.2.4.5


			Signalling transmission scheme:


Describe how transmission schemes are different for signalling/control from that of user data.


- Downlink: 


The L1/L2 control signalling can be separated from user data and transmitted in separated time and frequency resources. It can be multiplexed with user data within the DL-TCH. The control signalling is limited to BPSK/QPSK modulation (data modulation for QPSK, 16QAM, 64QAM, 256QAM and 1024QAM). The L1/L2 control signalling error correcting codes are convolutional codes (LDPC codes can be used for user data).              


- Uplink: 


The L1/L2 control signalling can be separated from user data and transmitted in separated time and frequency resources. It can be multiplexed with user data within the UL-TCH. The control signalling is limited to QPSK modulation (data modulation for QPSK, 16QAM, 64QAM, 256QAM and 1024QAM). The L1/L2 control signalling error correcting codes are convolutional codes (LDPC codes can be used for user data). 





- For both downlink and uplink, some higher-layer signalling can be multiplexed with data MPDU and thus transmitted using the same physical-layer transmitter processing mechanism as user data.





			5.2.3.2.4.6


			Small signalling overhead


Signalling overhead refers to the radio resource that is required by the signalling divided by the total radio resource which is used to complete a transmission of a packet. The signalling includes necessary messages exchanged in DL and UL directions during a signalling mechanism, and Layer 2 protocol header for the data packet.


Describe how the RIT/SRIT supports efficient mechanism to provide small signalling overhead in case of small packet transmissions.


As describe in 5.2.3.2.4.5, the time- frequency resources occupied by the small signalling of EUHT and the time-frequency resources occupied by user service data can be allocated separately, and the Layer 2 protocol header for the small signalling is only used to distinguish different signalling. Therefore, it can be set as small as possible. 





			5.2.3.2.5


			Mobility management (Handover)





			5.2.3.2.5.1


			Describe the handover mechanisms and procedures which are associated with 


–	Inter-System handover including the ability to support mobility between the
RIT/SRIT and at least one other IMT system


–	Intra-System handover


	1	Intra-frequency and Inter-frequency


	2	Within the RIT or between component RITs within one SRIT (if applicable)


Characterize the type of handover strategy or strategies (for example, STA or CAP assisted handover, type of handover measurements).


What other IMT system (other than IMT-2020) could be supported by the handover mechanism?


Terminology:


To ease understanding of specific terms/abbreviations used in this item here after, few main acronyms and definitions are introduced:


-     EUHT: Enhanced Ultra High Throughput


-     CAP: Central Access Point	


-     STA: Station


-    CN: Core Network





Inter-System handover: 


EUHT system can support interwork with LTE system. The STA of EUHT system can integrate LTE terminal system. According to the wireless coverage of EUHT and LTE system, and combined with the traffic load of the two systems, the appropriate wireless system can be selected for communication. Mobility management between two systems can be supported. The main processes are as follows:


STA receives the "Inter system selection rules" issued by the source system base station, and starts the measurement at the appropriate time according to the specified rules.


According to the Inter system selection rules of the base station of the source system, when STA meets the criteria of measurement reporting, it will report the results of "Inter system measurement" to the base station of the source system


The base station of the source system chooses to send "Handover to Inter system command" to STA if it needs to handover to other system according to the result of STA reporting.


STA executes synchronized target system base station and accesses target system network.





Intra-system handover:





EUHT system supports mobility by using the network control and STA-assisted handover mechanism.





The network provides measurement configuration information to STA. According to the network configuration information, when the STA detects that the threshold of start-up measurement is satisfied, the STA initiates measurements of neighboring cells; when the STA detects that the threshold of measurement report is satisfied, the STA reports the measurement results to the network. 





In the handover process, the source CAP decides whether to initiate the handover procedure based on the measured results reported by the STA. The source CAP initiates a handover procedure and sends a "CAP Handover Request" message to the target CAP when the source CAP judges that the handover condition is satisfied. The message carries service flow info, security info, etc. The info helps the target CAP establish Radio Bearer and restore Air Interface data transmission.





The target CAP provides some information to help the STA have access to the target CAP. The target CAP sends the information to the source CAP through the "CAP Handover Response" message. Then the source CAP sends the information that can be used in the target CAP to the STA by sending the "Handover Command" message through the air interface so as to help the STA access the target CAP when it hands over. 





For some data flow services that are required to support lossless handover, in the handover process, the source CAP will forward the buffer memory of the target CAP the data packets that have been sent to the STA through the air interface and have not received ACK from the STA. Meanwhile, the source CAP also forwards the buffer memory of the target CAP the data packets newly received from the network side in the handover process. 





The STA synchronizes and accesses the target CAP according to the information received from the source CAP in the "Handover Command" message.





The target CAP sends a “Path Update" message to the CN to notify the path of the change. The source CAP receives a “Path Release” message from the network and releases the STA information. 





Through the above control plane and user plane procedure, the STA completes the handover procedure and establishes a new radio connection with the target CAP for data transmission.








The system supports the distribution of the cellular networks working at the same frequency. One site may consist of three sectors or two sectors. Preamble, SICH and CCH are respectively in their special sub-bands and TCH can schedule based on the time division multiplexing in a special sub-band or the full band. The CAP can start power control according to the user’s near and far filed, that will reduce the interference between adjacent CAPs.


Complete the bandwidth and power control, etc. through the inter-coordination between the CAPs to support distributed, dynamic and flexible radio resource management. 





			5.2.3.2.5.2


			Describe the handover mechanisms and procedures to meet the simultaneous handover requirements of a large number of users in high speed scenarios (up to 500km/h moving speed) with high handover success rate.


EUHT supports the multi-user concurrent communication and the communication of the high-speed mobile scenarios. It supports the handling of mobile handover for a large number of users in a high-speed mobile state.


By installing two CPEs (Customer Premise Equipment) terminal on the high-speed train, the users in the train access the network through the CPE agent, so that only the CPEs handover request, reducing the number of terminals that are simultaneously request handover.





			5.2.3.2.6


			Radio resource management 





			5.2.3.2.6.1


			Describe the radio resource management, for example support of:


–	centralised and/or distributed RRM


–	dynamic and flexible radio resource management


–	efficient load balancing.


The RRM mechanism is implemented based on the following methods





General 


The RRM functions in EUHT system include:


- Radio connection control: CAPs can establish, modify and release radio connection. 


- Admission Control: The CAPs can manage admission control by the priority access control and the load balancing strategy. 


- Mobility Management: The CAPs can support mobility by cell reselection, handover and multi-connection.





Dynamic/flexible radio resource management


EUHT supports the dynamic and flexible radio resource management. It allocates the resources to data and controls the transmission of the plane packets by scheduling the packets. 





Load balancing (LB)


EUHT supports load balancing functions. When a cell is overloaded, the access control can be realized by means of RACH back off, or by connecting, releasing and redirecting it to other cells. 


mmWave bands can support load balancing among different beams, which is mainly implemented by scheduling. 





			5.2.3.2.6.2


			Inter-RIT interworking


Describe the functional blocks and mechanisms for interworking (such as a network architecture model) between component RITs within a SRIT, if supported.


It is not available for EUHT RIT.





			5.2.3.2.6.3


			Connection/session management


The mechanisms for connection/session management over the air-interface should be described. For example:


–	The support of multiple protocol states with fast and dynamic transitions. 


–	The signalling schemes for allocating and releasing resources. 


EUHT supports the following states: 


-	MAC_IDLE:


  - System message broadcast; 


  -	Cell re-selection; 


  -	DRX for CN paging;


-	MAC_INACTIVE;


  -	System message broadcast;


  -	Cell re-selection;


  -	DRX for RAN paging; 


  -	The STA AS context is stored in the STA and RAN.


-	MAC_CONNECTED:


  -	The radio resource connection is established for STA;


  -	The STA AS context is stored in the STA and RAN;


  -	Transfer of unicast data to/from the STA, etc.;


  - Mobility of the network control. 





Transition between MAC states:


‐From MAC_IDLE to MAC_CONNECTED: Radio resource connection setup 


‐From MAC_CONNECTED to MAC_IDLE: Radio resource connection release 


‐From MAC_INACTIVE to MAC_CONNECTED: Radio resource connection recovery 


‐From MAC_CONNECTED to MAC_INACTIVE: Radio resource connection suspension


‐From MAC_INACTIVE to MAC_IDLE: Radio resource connection release 


‐From MAC_IDLE to MAC_INACTIVE: not supported 





			5.2.3.2.7


			Frame structure





			5.2.3.2.7.1


			Describe the frame structure for downlink and uplink by providing sufficient information such as:


–	frame length,


–	the number of time slots per frame,


–	the number and position of switch points per frame for TDD


–	guard time or the number of guard bits,


–	user payload information per time slot,


–	sub-carrier spacing 


–	control channel structure and multiplexing,


–	power control bit rate.


The frame structure related information is as follows:


For Sub-6GHz bands:


·  The physical frame length can be dynamically adjusted within the permissible range (0.1-14ms). Typical frame length can be: 1, 1.25, 1.6, 2, 2.5, 4, 5, 6.25, 8 and 10ms. 


· Typical physical frame consists of a downlink scheduling period and an uplink scheduling period. The downlink scheduling period consists of one short preamble symbol, one long preamble symbol, one SICH symbol, the CCHs, the DL-TCH, DL-SCH and the DGI. The uplink scheduling period consists of the UL-SCH, the UL-SRCH, the UL-TCH, UL-RACH and the UGI. The system information channel broadcasts frame structure. It can allocate the uplink and downlink service channels and short signalling resources in the frame. The minimum resource allocation unit is resource unit (RU), which is 16 sub-carriers in single OFDM symbol. 


· The sub-carrier spacing is 78.125KHz (39.0625KHz/19.53KHz is optional). 


· The ratio of the cyclic prefix is 1/8 or 1/4 of DFT length, so the time length of CP is correspondingly 1.6us or 3.2us for 78.125KHz sub-carrier spacing. 


· The DL/UL ratio can be adjusted flexibly according to the real scenarios. The typical values of the uplink and downlink guard interval time lengths respectively occupy two symbols. However, other different symbol lengths can be used too. 


· The length of the CCH is also variable, and contains at least 2 OFDM symbols. 


No specific power control rate is defined. However, the power control signalling, which supports the open-loop power control and the close-loop power control, can be transmitted in any frame. Maximum power control rate is 10 kHz for 0.1ms frame.





For mmWave bands: 


· Each radio frame length is 20ms. It consists of two types of sub-frames. The length of the SICH/RACH sub-frame is 1ms and the length of the TCH sub-frame is 1ms. The sub-frames use the single carrier mode and the OFDM mode to transmit. In the OFDM mode, the number of the DFT points is 1024. The sub-carrier spacing is 390.625 kHz. The cycle prefix (CP) ratio is 1/4 or 1/8. The D-SICH/RACH sub-frame uses the single carrier transmission mode and it is used in the beam training and the communication connection establishment. The D-SICH/RACH sub-frame uses at most 64 different beams to transmit. The D-SICH/RACH sub-frame contains a frame header (which is used in frame detection, synchronization, frequency offset estimation, AGC and STA RX beam training, AGC) and the information part of the D-SICH. 


· The TCH sub-frame uses the OFDM mode to transmit. The TCH sub-frame is used in the transmission of the uplink and downlink data. Meanwhile, it is used for channel tracking and beam tracking. 


·  The TCH sub-frame length can be dynamically adjusted within the permissible range (0.1-10ms). Typical frame length can be: 1,2,5,10ms. 


· The TCH sub-frame contains the downlink transmission period (DL-preamble, DL-DRS, CCH, DL-TCH, DL-TRN), the uplink transmission period (UL-DRS, UL-TCH, UL-TRN) and the guard intervals. The DL/UL ratio is configured through the CCH. The guard interval occupies two symbols.


Control channel structure:


· The CCH is transmitted in a specified time-frequency domain, which spans over 2-30 OFDM symbols. 


· Power control bit rate:


No specific power control rate is defined. However, the power control signalling, which supports the open-loop power control and the close-loop power control, can be transmitted in any frame. Maximum power control rate is 1 kHz for 1ms TCH sub-frame.





			5.2.3.2.8


			Spectrum capabilities and duplex technologies


NOTE 1 – Parameters for both downlink and uplink should be described separately, if necessary.





			5.2.3.2.8.1


			Spectrum sharing and flexible spectrum use


Does the RIT/SRIT support flexible spectrum use and/or spectrum sharing? Provide the detail.


Description such as capability to flexibly allocate the spectrum resources in an adaptive manner for paired and un-paired spectrum to address the uplink and downlink traffic asymmetry. 


EUHT supports flexible spectrum use by using one or multiple component carriers. Multiple component carriers can be aggregated to achieve up to 6.4GHz of transmission bandwidth. The aggregated component carriers can be either contiguous or non-contiguous in the frequency domain, including be located in separate spectrum (“spectrum aggregation”).


EUHT addresses the uplink and downlink traffic asymmetry with flexible allocating spectrum resources by allowing TDD operation on an unpaired spectrum. DL/UL ratio can be changed in unit of OFDM symbol per frame basis.








			5.2.3.2.8.2


			Channel bandwidth scalability 


Describe how the proposed RIT/SRIT supports channel bandwidth scalability, including the supported bandwidths. 


Describe whether the proposed RIT/SRIT supports extensions for scalable bandwidths wider than 100 MHz.


Describe whether the proposed RIT/SRIT supports extensions for scalable bandwidths wider than 1 GHz, e.g., when operated in mmWave bands noted in § 5.2.4.2.


Consider, for example:


–	The scalability of operating bandwidths. 


–	The scalability using single and/or multiple RF carriers.


Describe multiple contiguous (or non-contiguous) band aggregation capabilities, if any. Consider for example the aggregation of multiple channels to support higher user bit rates.


One component carrier can support a scalable bandwidth of 5, 10, 15, 20, 25, 30, 40, 50, 60, 80 or 100MHz with a frequency range from 450 MHz to 6000 MHz and a guard interval ratio from 10% to 2.5%. 


One component carrier can support 50, 100, 200 or 400MHz bandwidth for frequency range above 24250MHz and a guard interval ratio from 10% to 2.5%.








By aggregating multiple component carriers, a transmission bandwidth of up to 6.4GHz is supported to provide high data rates. The multiple component carriers can be either contiguous or non-contiguous in the frequency domain.





			5.2.3.2.8.3


			What are the frequency bands supported by the RIT/SRIT? Please list.


For Sub-6GHz bands:


			Uplink (UL) and Downlink (DL) operating band



			Duplex Mode





			450 - 470 MHz


			TDD





			470 - 698 MHz


			TDD





			694/698 - 960 MHz


			TDD





			1427 - 1518 MHz


			TDD





			1710 - 2025 MHz


			TDD





			2110 - 2200 MHz


			TDD





			2300 - 2400 MHz


			TDD





			2500 - 2690 MHz


			TDD





			3300 - 3400 MHz


			TDD





			3400 - 3600 MHz


			TDD





			3600 - 3700 MHz


			TDD





			4800 - 4990 MHz


			TDD








For mmWave bands:


			Uplink (UL) and Downlink (DL) operating band



			Duplex Mode





			26500 MHz – 29500 MHz


			TDD





			24250 MHz – 27500 MHz


			TDD





			37000 MHz – 40000 MHz


			TDD





			27500 MHz – 28350 MHz


			TDD














			5.2.3.2.8.4


			What is the minimum amount of spectrum required to deploy a contiguous network, including guardbands (MHz)? 


For Sub-6GHz bands: 


The minimum spectrum bandwidth is 5MHz. 





For mmWave bands: 


The minimum spectrum bandwidth is 50MHz.





			5.2.3.2.8.5


			What are the minimum and maximum transmission bandwidth (MHz) measured at the 3 dB down points?


For Sub-6GHz bands:


The 3dB bandwidth is 


BW=20MHz: 9.3*2=18.6MHz.


BW=40MHz: 19.3*2=38.6MHz


BW=80MHz: 39.3*2=78.6MHz





For mmWave bands: 


BW = 400MHz: The 3dB bandwidth is 392MHz. 





			5.2.3.2.8.6


			What duplexing scheme(s) is (are) described in this template? 
(e.g. TDD, FDD or half-duplex FDD). 


Provide the description such as:


–	What duplexing scheme(s) can be applied to paired spectrum? Provide the details (see below as some examples).


–	What duplexing scheme(s) can be applied to un-paired spectrum? Provide the details (see below as some examples).


Describe details such as:


–	What is the minimum (up/down) frequency separation in case 
of full- and half-duplex FDD? 


–	What is the requirement of transmit/receive isolation in case 
of full- an half-duplex FDD? Does the RIT require a duplexer 
in either the UE or base station? 


–	What is the minimum (up/down) time separation in case of TDD?


–	Whether the DL/UL ratio variable for TDD? What is the DL/UL ratio supported? If the DL/UL ratio for TDD is variable, what would be the coexistence criteria for adjacent cells?


· EUHT supports the TDD mechanism in both paired and unpaired spectrum. 


· The TDD guard time interval is configurable to meet different usage scenarios. 


· The DL/UL ratio is configurable in unit of OFDM symbol per frame basis. 





			5.2.3.2.9


			Support of Advanced antenna capabilities





			5.2.3.2.9.1


			Fully describe the multi-antenna systems (e.g. massive MIMO) supported in the UE, base station, or both that can be used and/or must be used; characterize their impacts on systems performance; e.g., does the RIT have the capability for the use of:


–	spatial multiplexing techniques,


–	spatial transmit diversity techniques,


–	beam-forming techniques (e.g., analog, digital, hybrid). 


EUHT system multi-antenna system supports the following MIMO transmission mechanisms at both the STA and the CAP:


· The spatial multiplexing of the DRS-based closed loop and semi-open loop transmission schemes is supported. For both DL and UL, the precoding based on CSI feedback and reciprocity is supported. 


· The CAP supports the transmit diversity. 


· For mmWave bands, hybrid beamforming including both digital beamforming and analog beamforming is supported. Both the periodic beam refinement and the aperiodic beam refinement are supported at the STA side and the CAP side. 





			5.2.3.2.9.2


			How many antenna elements are supported by the base station and UE for transmission and reception? What is the antenna spacing (in wavelengths)? 


The EUHT RIT support 1~8 antenna ports for both DL and UL.


The CAP and STA support rectangular antenna arrays. The antennas of the rectangular panel array can be described in the following figure. Mg is the number of panels in a column; Ng is the number of panels in row. In a panel, M represents the number of the vertical antenna elements and N represents the number of the horizontal antenna elements. M*N is the number of polarizations per antenna panel. The vertical spacing and horizontal spacing of the panels are specified by dV and dH. 








The EUHT RIT can flexibly support various antenna spacing, various antenna element quantities, various antenna port layouts and various antenna virtualization approaches. 





			5.2.3.2.9.3


			Provide details on the antenna configuration that is used in the self-evaluation.


The details on the antenna configuration are described in the self-evaluation report. 





			5.2.3.2.9.4


			If spatial multiplexing (MIMO) is supported, does the proposal support (provide details if supported)


–	Single-codeword (SCW) and/or multi-codeword (MCW)


–	Open and/or closed loop MIMO


–	Cooperative MIMO


–	Single-user MIMO and/or multi-user MIMO.


For both DL and UL in the EUHT, the spatial multiplexing supports the following options:


· The single codeword transmission is supported if the number of the layers is less than or equal to 4. The transmission of two codewords is supported if the number of the layers is greater than 4 and less than or equal to 8. 


· The closed-loop MIMO is supported in the EUHT, where for demodulation of data, receiver does not require knowledge of the precoding matrix used by the transmitter.


· Both the single-user MIMO and the multi-user MIMO are supported. For the single-user MIMO transmission, at most 8 streams are supported. For both DL and UL, the multi-user MIMO supports at most 8 orthogonal DM-RS ports and each STA supports at most 4 orthogonal ports. 





			5.2.3.2.9.5


			Other antenna technologies 


Does the RIT/SRIT support other antenna technologies, for example:


–	remote antennas,


–	distributed antennas.


If so, please describe.


EUHT supports the remote antennas and distributed antennas. 





			5.2.3.2.9.6


			Provide the antenna tilt angle used in the self-evaluation.


The details on the antenna tilt angle are described in the self-evaluation report.





			5.2.3.2.10


			Link adaptation and power control





			5.2.3.2.10.1


			Describe link adaptation techniques employed by RIT/SRIT, including:


–	the supported modulation and coding schemes,


–	the supporting channel quality measurements, the reporting of these measurements, their frequency and granularity.


Provide details of any adaptive modulation and coding schemes, including:


–	Hybrid ARQ or other retransmission mechanisms? 


–	Algorithms for adaptive modulation and coding, which are used in the self-evaluation. 


–	Other schemes?


For Sub-6GHz bands:


At the data level, the modulation modes supported by EUHT include BPSK, QPSK, 16 QAM, 64 QAM, 256QAM and 1024QAM, with the code rates being between approximately 0.5 and 0.9. There are about 100 combinations of different modulation modes/code rates. These combinations are useful for both downlink and uplink. 


In both the downlink and the uplink, the link self-adaptation information (modulation scheme selection, code rates, and numbers of repetition times) is computed by the STA and reported to the CAP, and then the CAP sends the configuration information to the STA. The downlink modulation scheme/code rate is selected according to the information on the Channel Quality Indicators (CQIs) reported by the STAs. Several different CQI modes exist, including the frequency selection and broadband modes, periodic and aperiodic modes (frequency and granularity). The CQI mode is configured by the CAP. In the uplink, the CAP can measure the signals of the traffic channel or sounding reference channel and use these signals as the input of the uplink self-adaptation.


On the MAC layer, ARQ is supported. The modulation scheme may be re-configured according to the retransmission information. In order to minimize the delay, the retransmission information needs fast and timely feedback. 





For mmWave bands: 


To support the link self-adaptation, the modulation coding mode and the radio time-frequency resources determined by mmWave bands through dynamic scheduling instructions can simultaneously and self-adaptively select the best beam according to the beam training results. 


- The terminal STA determines the transmission block size of the current transmission time slot according to the dynamically allocated MCS indications and radio resources. There are about 100 combinations of different modulation modes/code rates.  The number of the multi-antenna MIMO transmission layers is 1-4, and the code rate range is 0.03~0.875. 


- The CAP controls the uplink and downlink MCS. The downlink MCS is the CQI reported based on the STA. mmWave bands adopt the TDD. The uplink MCS can select the report based on the measurement of sounding signals or the downlink CQI. Meanwhile, the uplink and downlink MCS can be corrected by using the statistical BLER. The CQI reporting supports aperiodic and periodic mode. The trigger of aperiodic reporting and the periodic granularity of periodic reporting are completely based on the dynamic configuration and scheduling of CAP. 


-- The DL-TCH and UL-TCH channels are configured with beam training sequences, which can complete tracking and training of beams in real time, and the training results are reported together with CQI. 





			5.2.3.2.10.2


			Provide details of any power control scheme included in the proposal, for example:


–	Power control step size (dB)


–	Power control cycles per second


–	Power control dynamic range (dB)


–	Minimum transmit power level with power control


–	Associated signalling and control messages.


The uplink power control is independent of the uplink data (UL-TCH) and the sounding reference signals. The uplink power control is based on both the signal strength measurement of the STA itself (open-loop power control) and the measurements of the CAP. The latter measurements (CAP measurements) are used to generate power control commands that are subsequently fed back to the STAs as a part of the downlink control signal (closed-loop power control). Both absolute and relative power-control commands are supported by EUHT. There are four kinds of available step size adjustments to be determined in case of the relative power control. For the uplink data, EUHT can configure multiple closed-loop power control processes, including the separate processes that may contain transmission beam indications. 


For example, a real implementation is as below:


The power control step size is 1dB.


The power control cycle is 20 times per second.


The dynamic range of the power control is from -4 to 26dB.              


The downlink power control is specific to network implementation. Therefore, it is outside the scope of the standard protocol. A simple and effective power control strategy is to transmit with a constant output power. The scheduling and link self-adaptation are used to adapt to the variations in channel conditions and interference levels. 





			5.2.3.2.11


			Power classes





			5.2.3.2.11.1 


			STA emitted power





			5.2.3.2.11.1.1


			What is the radiated antenna power measured at the antenna (dBm)?


For Sub-6GHz bands:


For Frequency Range 1, the maximum output power is the sum of the powers of all the antenna connectors of the terminal. The maximum output power is defined by the power class of the terminal, as shown in the following table: 


							<STA maximum output power >


			Power class


			PPowerClass (dBm)


			Tolerance





			2


			26


			 and 2/-3





			3


			23


			 and 2/-3~-2





			Note 1: PPowerClass is the maximum STA power specified without taking into account the tolerance


The maximum output power corresponding to a power class does not include the tolerance shown in the table. 











For mmWave bands:


<STA minimum peak EIRP >


			Min peak EIRP (dBm)





			Power class 1


			Power class 2


			Power class 3


			Power class 4





			40.0


			29


			22.4


			34





			NOTE 1:	Minimum peak EIRP is defined as the lower limit without tolerance











< STA minimum spherical coverage EIRP >


			Min spherical coverage EIRP (dBm)





			Power class 1


			Power class 2


			Power class 3


			Power class 4





			32.0@85%


			18@60%


			11.5@50%


			25@20%





			NOTE 1:	Minimum spherical coverage EIRP is defined as the lower limit without tolerance at x% of the distribution of radiated power measured over the full sphere around the STA.











			Power class 1


			Power class 2


			Power class 3


			Power class 4





			Max TRP (dBm)


			Max EIRP


(dBm)


			Max TRP (dBm)


			Max EIRP


(dBm)


			Max TRP (dBm)


			Max EIRP


(dBm)


			Max TRP (dBm)


			Max EIRP


(dBm)





			35


			55


			23


			43


			23


			43


			23


			43








< STA maximum output power limits 





			5.2.3.2.11.1.2 


			What is the maximum peak power transmitted while in active or busy state?


 See item 5.2.3.2.11.1.1.





			5.2.3.2.11.1.3


			What is the time averaged power transmitted while in active or busy state? Provide a detailed explanation used to calculate this time average power.


For Sub-6GHz bands:


The time averaged power transmitted in active state is subject to the type of signal/channel, STA channel condition, allocated bandwidth, and deployment scenario, etc. One example of estimate averaged transmit power is to take median of minimum STA output power and maximum STA output power (e.g. around -10dBm). 





<Minimum STA output power for Sub-6GHz bands>


			Channel bandwidth


(MHz)


			Minimum output


 power


(dBm)


			Measurement 


bandwidth


(MHz)





			20


			-40


			17.96875





			40


			-37


			37.96875





			80


			-34


			77.96875











For mmWave bands:


 The time averaged power transmitted in active state is subject to the type of signal/channel, STA channel condition, allocated bandwidth, and deployment scenario, etc. One example of estimate averaged transmit power is to take median of minimum STA output power and maximum STA output power (e.g. around -10dBm). 





<Minimum STA output power for mmWave bands >


			STA power class


			Channel bandwidth


(MHz)


			Minimum output 


power


(dBm)


			Measurement 


bandwidth


(MHz)





			Power class 1


			400


			4


			390





			Power class 2, 3, 4


			400


			-13


			390














			5.2.3.2.11.2


			Base station emitted power





			5.2.3.2.11.2.1


			What is the base station transmit power per RF carrier?


The maximum transmit power of the base station per RF carrier is limited by the regional regulatory requirements. 





			5.2.3.2.11.2.2 


			What is the maximum peak transmitted power per RF carrier radiated from antenna?


The maximum peak transmit power of the base station per RF carrier is limited by the regional regulatory requirements.





			5.2.3.2.11.2.3


			What is the average transmitted power per RF carrier radiated from antenna?


The averaged transmitted carrier power depends on the type of signal to be transmitted, bandwidth, and deployment scenario, etc.





			5.2.3.2.12


			Scheduler, QoS support and management, data services





			5.2.3.2.12.1


			QoS support


–	What QoS classes are supported?


–	How QoS classes associated with each service flow can be negotiated.


–	QoS attributes, for example:


	•	data rate (ranging from the lowest supported data rate to maximum data rate supported by the MAC/PHY);


	•	control plane and user plane latency (delivery delay);


	•	packet error ratio (after all corrections provided by the MAC/PHY layers), and delay variation (jitter).


–	Is QoS supported when handing off between radio access networks? If so, describe the corresponding procedures.


–	How users may utilize several applications with differing QoS requirements at the same time.


EUHT QoS model is a model based on a service type. It generally includes two major categories (GBR service and non-GBR service) consisting of 8 service types. Each service flow has multiple QoS parameters, such as service type index, resource type, priority level, service guarantee rate, maximum service rate, delay budget and packet loss rate budget.


When services are established, the IP gateway and EUHT access gateway map different services onto the fid of the access network representing different services according to the QoS parameters of the service flow. 


During the handover of the radio access network, the QoS of each service is guaranteed through the fast handover and lossless handover supported by EUHT. 


In order to support multiple services of users with different QoS, EUHT adopts the multi-FID service flow multiplexing and the dynamic scheduling of multiple services. 





			5.2.3.2.12.2


			Scheduling mechanisms


–	Exemplify scheduling algorithm(s) that may be used for full buffer and non-full buffer traffic in the technology proposal for evaluation purposes.


Describe any measurements and/or reporting required for scheduling. 


EUHT adopts the TDD mode. The uplink and the downlink are dynamically scheduled respectively. The supported scheduling algorithms include the proportional fair scheduling algorithm and the semi-static scheduling algorithm:


-- The dynamic scheduling requires determining the measurement report and self-adaptive mechanism described in Section 5.2.3.2.10.1 such as MIMO antennas, modulation codes and beams. 


-- The proportional fair algorithm also requires considering the priorities of different users, the QoS requirements of services, and the current service cache situation, which is suitable for full-buffer services.


-- For non-full buffer services, such as VOIP and signal control, semi-static scheduling can be adopted; the burst model of services can be referred to, and a small amount of resources can be reserved periodically to ensure various service quality requirements and the radio resource utilization rate.


– In addition, the time slot resources of the DL-TCH and UL-TCH support dynamic configuration, which can be optimized and configured according to the current service type and cache situation. 





			5.2.3.2.13


			Radio interface architecture and protocol stack





			5.2.3.2.13.1


			Describe details of the radio interface architecture and protocol stack such as:


–	Logical channels


–	Control channels


–	Traffic channels


Transport channels and/or physical channels.


For Sub-6GHz bands:


Radio Protocols: 


The protocol stack for the user plane includes the MADP (MAC adaptive sublayer), the MAC sublayer and the PHY sublayer (terminated in UE and BS).


On the control plane, the following protocol sublayers are defined:


- MAC and PHY sublayers (terminated in STA and CAP);





Radio Channels (Physical, Transport and Logical Channels)


The physical channels defined in the downlink are: 


-     the System　Information　Channel (SICH)


-     the Control　Channel (CCH)


-     the Downlink　Sounding　Channel (DL-SCH)


-     the Downlink　Traffic Channel (DL-TCH) 


-the Downlink　Guard　Interval (DGI)


 


The physical channels defined in the uplink are: 


-     the Uplink　Sounding　Channel(UL-SCH)


-     the Uplink　Schedule　Request　Channel (UL-SRCH)


-     the Uplink　Random　Access　Channel (UL-RACH)


-     the Uplink　Transmission　Channel (UL-TCH) 


-the Uplink　Guard　Interval (UGI)


 


The following transport channels are defined:


Uplink:


-          Uplink Signalling Channel (USCH), mapped to UL-TCH


-          Uplink Data Channel (UDC), mapped to UL-TCH


-          Random Access Channel (RACH), mapped to UL-RACH


-           


Downlink:


-          Downlink Signalling Channel (DSCH), mapped to DL-TCH


-          Downlink Data Channel (DDC), mapped to DL-TCH


-          Downlink System Info(DSI), mapped to SICH


 


Logical channels are classified into two groups: Control Channels and Traffic Channels. 


Control channels:


-          Broadcast Control Channel (BCCH): a downlink channel for broadcasting system control information.


-          Paging Control Channel (PCCH): a downlink channel that transfers paging information and system information change notifications.


-          System Info Channel (SI): a channel for transmitting control information between UEs and network. 


-          Dedicated Control Channel (DCCH): a point-to-point bi-directional channel that transmits dedicated control information between a UE and the network. 


Traffic channels: Traffic Channel (DTCH/UTCH), which can exist in both UL and DL.


In Downlink, the following connections between logical channels and transport channels exist:


-          BCCH can be mapped to DDC;


-          PCCH can be mapped to DDC;


-           DCCH can be mapped to DSCH;


-           DTCH can be mapped to DDC;


-          SI can be mapped to DSI


In Uplink, the following connections between logical channels and transport channels exist:


- DCCH can be mapped to USCH


- UTCH can be mapped to UDC.





			5.2.3.2.13.2


			What is the bit rate required for transmitting feedback information?


For Sub-6GHz bands:


EUHT system can complete sending data packet confirmation signalling (ACK) within a frame. The confirmation signalling can be sent in every frame (For example, if the frame length is 2 milliseconds, the frame length can be configured). The signalling has few octets, e.g. 120 bits. This results in a rate of 120/0.002=60000bit/s.  





For mmWave bands:


–  mmWave bands adopt the implicit acknowledgement mode and the immediate/group acknowledgement mode: 


  -- Non-broadcast control signalling needs acknowledgement and can be confirmed according to the received response message;


 -- For service data and unresponsive control signalling, an immediate/group acknowledgement (multi-FID) mode is adopted. Since resources are independent of service data scheduling, less L2 packet header overhead can be adopted, with a typical length of 120 bits.


In addition, the time slot length of mmWave bands can be configured. Taking 0.5ms for an example, the bit rate of the feedback is 120/0.5ms = 240 Kbit/s. 





			5.2.3.2.13.3


			Channel access:


Describe in details how RIT/SRIT accomplishes initial channel access, (e.g. contention or non-contention based).


For Sub-6GHz bands:


EUHT system can complete the initial access through a random-access process. 


EUHT system supports "the contention-based random access" mode and "the non-contention access process".


The contention-based random access is mainly used in the initial access process. The STA uses random PN code to access. The CAP allocates the STA the resources used to transmit the random-access request signalling. The STA sends the random-access request signalling. After receiving the random-access response signalling, the initial access process is completed.


The non-contention access is mainly used in a handover process. The CAP can provide dedicated resources to the STA, which can avoid contention, reduce the time delay of the access of the STA to the target CAP, and quickly complete the process of the access to the target CAP. 





For mmWave bands:


The channel access of the mmWave bands includes the initial channel access (contention-based random access) and the handover channel access (non-contention access). 


      - The initial channel access of mmWave bands is based on a fully competitive mode, including the corresponding RACH channel resources and the preamble. The available random-access resources and preamble sets can be obtained by receiving the system information D-SICH. 


     - The initial random access process includes scanning different beams to obtain relevant D-SICH information, selecting the RACH channel corresponding to the most appropriate beam, randomly selecting a preamble in the alternative set to initiate the access and waiting to receive a random access response (DL-CCH) message which carries the initial TA, allocated uplink transmission resources, etc., and then the STA uses the allocated resources to send the first uplink message (connection establishment request) while opening a window to wait for the connection establishment response message. If the access fails, the STA can continuously try to initiate an access for several times. 


    -- Viewing from the physical layer, first, multiple beams need to be scanned to achieve synchronization, train downlink beams and obtain the D-SICH information. The random-access preamble is sent in the RACH channel of the corresponding beam; the random-access response is a downlink broadcast CCH, and the others are short control signalling. 





			5.2.3.2.14


			Cell selection





			5.2.3.2.14.1


			Describe in detail how the RIT/SRIT accomplishes cell selection to determine the serving cell for the users.


For Sub-6GHz bands:


EUHT system can complete the cell selection through the following processes: 


The STA scans and searches all the frequency bands it supports, measures the signal strength of specific frequency points, chooses the cell that meets the signal strength threshold, and selects the appropriate cell to reside after reading the system messages broadcasted by the cell. 





For mmWave bands: 


The cell selection of mmWave bands is based on the following procedures and criteria: 


-- The STA first confirms the currently supported frequency points. 


-- For each supported frequency point, scanning multiple beams need to be completed; the synchronization SYNC needs to be achieved; the system information D-SICH needs to be read, the alternative set of the best beam of the current frequency point needs to be confirmed, and the corresponding RSSI and RACH resources need to be recorded. 


-- After the STA completes scanning multiple frequency points, it needs to select a suitable cell, i.e. a candidate cell the measured RSSI of which has met the cell selection threshold, and the corresponding cell candidate beam does not prohibit access due to overload or other reasons. 


-- Among multiple suitable cells, the STA selects the strongest cell to reside or initiate access in the corresponding RACH resources. 


-- Of course, in the system information D-SICH, the cell with a specific frequency point can be configured as a preferred cell to reside. 





			5.2.3.2.15


			Location determination mechanisms 





			5.2.3.2.15.1


			Describe any location determination mechanisms that may be used, e.g., to support location based services.  


For Sub-6GHz bands:


EUHT provides mechanisms to support or assist the determination of the geographical location of a STA. The geographical location of the STA can be used in radio resource management, and the location- based services of operators, subscribers and third-party service providers.



The supported positioning methods include:


-	enhanced cell ID methods;


-	network-assisted GNSS methods;


-	observed time difference of arrival (OTDOA) positioning methods. 





The system uses one or several above-mentioned methods. It also uses the hybrid positioning by using multiple STA-based and STA assistance/RAN-based methods.


In the future evolved versions, EUHT system will be further studied to have richer positioning service methods.





For mmWave bands:


mmWave bands supports an accurate positioning mechanism based on preamble ranging and beam tracking assistance.


- This positioning information is conducive to efficient radio resource management of the network;


- Accurate location services are provided for network providers, subscribers and third parties with relevant qualifications.


- The accuracy of the preamble-based ranging can be sub-meters level.


- The assist beam tracking provides three-dimensional coordinate information by obtaining the angle information of each antenna array element after a large number of calculations are conducted. 


Of course, by selecting the module's external interface, mmWave bands can also be used to obtain the meter-level accurate positioning information provided by the positioning module of EUHT. 





			5.2.3.2.16


			Priority access mechanisms





			5.2.3.2.16.1


			Describe techniques employed to support prioritization of access to radio or network resources for specific services or specific users (e.g., to allow access by emergency services).


For Sub-6GHz bands:


EUHT system has priority access control and load balancing functions. In a cell with overload, the access control can be completed by means of RACH back off, or Connection Release and redirecting to other cells. 


For different priorities of the users in the system, some CAPs with special operational needs and reserved uses are not allowed to access the STA with lower priorities. In addition, EUHT system also supports emergency communication services. It will schedule and allocate radio resources according to the highest priority to ensure the emergency communication services. 





For mmWave bands:


For special users or special service requirements, such as the access initiated by emergency services, mmWave bands has a corresponding mechanism to ensure their priority access to wireless networks to obtain network resources: 


- The two-level load control based on cells and beams is supported, and the system information broadcasts the current cell and beam load conditions and controls the access.


- A variety of access control functions, the RACH access collision fallback mechanism, connection establishment rejection, and request on withdrawing from a network are provided. 


- In idle state, initial access can be initiated and the corresponding connection establishment request message can carry triggering service identifications and priorities, so that the network can judge whether to give priority to access. 


- For connection statuses and handover, there are two modes: the competitive mode and the non-competitive mode. For priority users or those with priority services, resources such as preambles, STAID and beams can be allocated in advance to avoid collision and ensure priority access.





			5.2.3.2.17


			Unicast, multicast and broadcast





			5.2.3.2.17.1


			EUHT supports unicast data transmission among different users and point-to-multipoint multicast data transmission.


The supported broadcast data transmission includes the system information and parameter configuration information of the cell, as well as the service information broadcast within the whole gateway.


All the three use shared carriers, and they coexist mainly through the following mechanism: 


1. The broadcast STA identification (BSTAID) and the STA unique identification (STAID) distinguish the unicast and broadcast data. 


2. The broadcast target IP address and the address learning function are configured. 





			5.2.3.2.17.2


			Describe whether the proposal is capable of providing multiple user services simultaneously to any user with appropriate channel capacity assignments?


EUHT helps any user provide multiple services at the same time:


- It sets up a multi-FID service flow based on the service QoS attribute for each user.


- In the services with similar types or QoS attributes, the same FID service flow can be reused. 


- The multi-service dynamic scheduling based on a proportional fair scheduling algorithm provides appropriate channel capacity allocation.


For more details, please refer to the descriptions in the previous 5.2.3.2.12 and 5.2.3.2.13. 





			5.2.3.2.17.3


			Provide details of the codec used.


Does the RIT/SRIT support multiple voice and/or video codecs? Provide the detail.


The EUHT RIT can support a variety of voice and video codecs. In fact, this RIT is a transmission technology that is not perceived by codecs, which can provide the transmission bandwidth, real-time and QoS performance requirements required by various types, various code rate and various operation(fixed/dynamic/adaptive) codecs. This RIT not only satisfies the codecs used and defined today, but also has enough margin to support future codecs upgrades.





			5.2.3.2.18


			Privacy, authorization, encryption, authentication and legal intercept schemes 





			5.2.3.2.18.1


			Any privacy, authorization, encryption, authentication and legal intercept schemes that are enabled in the radio interface technology should be described. Describe whether any synchronisation is needed for privacy and encryptions mechanisms used in the RIT/SRIT.


Describe how the RIT/SRIT addresses the radio access security, with a particular focus on the following security items:


–	system signalling integrity and confidentiality,


–	user equipment identity authentication and confidentiality,


–	 subscriber identity authentication and confidentiality,


–	 user data integrity and confidentiality


Describe how the RIT/SRIT may be protected against attacks, for example: 


–	passive, 


–	man in the middle,


–	replay,


–	denial of service. 


EUHT can satisfy the privacy protection requirements of the users (STAs). EUHT supports the concealment of the permanent user identifiers in the aerial communications. This feature is mainly used against active attacks.


EUHT guarantees regular refreshment of the temporary user identifiers. This feature is mainly used against passive attacks.


EUHT supports multiple connections and the slicing function, which can help improve the stability of wireless networks.





EUHT supports the identification/authentication and it has built a strong encryption and security feature.


EUHT supports bidirectional identification, i.e. it simultaneously helps the CAP identify and authenticate the STA and the STA identify and authenticate the network of the CAP, which can effectively prevent illegal STA or CAP. 





EUHT provides protection against eavesdropping, modification, and replay attacks.


EUHT has implemented the following ciphering algorithms: AES, ZUC, and SMS4. It conducts the CRC verification on the MAC layer, which can ensure the integrity of payload.


Therefore, all the transmission channels of the control signals and user data have been encrypted and protected. The integrity has been protected too. 





			5.2.3.2.19


			Frequency planning





			5.2.3.2.19.1


			How does the RIT/SRIT support adding new cells or new RF carriers? Provide details.


EUHT reserves 7 bits for the physical cell identity. It adopts three kinds of preamble sequences and two types of CRS. Thus, it supports 768 cells. It also supports configurability. 





			5.2.3.2.20


			Interference mitigation within radio interface





			5.2.3.2.20.1


			Does the proposal support Interference mitigation? If so, describe the corresponding mechanism.


For Sub-6GHz bands:


With enough DL/UL intervals, it works in the half-duplex TDD to avoid receiving and transmitting interferences. In addition, EUHT has several types of S-Preamble and CRS, which are used to distinguish different cells. The 7-bit cell ID is used to scramble the control channel to further lower the interference. 





For mmWave bands:


Interference reduction scheme: 


-- With enough DL/UL intervals, it works in the half-duplex TDD to avoid receiving and transmitting interferences. 


-- The synchronous codes, system information and control information are transmitted in different beams. Meanwhile, in the mmWave bands, relatively great propagation losses and random directional transmission have made the interference between cells be avoided. 


--The dynamic configurability of the STA-specific DL-DRS and UL-DRS corresponds to the directional transmission of beams and effectively reduces the interference.





			5.2.3.2.20.2


			What is the signalling, if any, which can be used for intercell interference mitigation?


The CAPs can exchange signalling to support inter-cell interference mitigation.





			5.2.3.2.20.3


			Link level interference mitigation


Describe the feature or features used to mitigate intersymbol interference.


The use of the OFDM transmission with a cyclic prefix in the uplink and downlink and synchronization in the time and frequency can mitigate intersymbol interference. 


Also see 5.2.3.2.20.4. 





			5.2.3.2.20.4


			Describe the approach taken to cope with multipath propagation effects (e.g. via equalizer, rake receiver, cyclic prefix, etc.). 


The use of the OFDM transmission with a cyclic prefix in the uplink and downlink and equalization in the frequency domain can cope with multipath propagation effects.





			5.2.3.2.20.5


			Diversity techniques


Describe the diversity techniques supported in the user equipment and at the base station, including micro diversity and macro diversity, characterizing the type of diversity used, for example:


–	Time diversity: repetition, Rake-receiver, etc.


–	Space diversity: multiple sectors, etc.


–	Frequency diversity: frequency hopping (FH), wideband transmission, etc.


–	Code diversity: multiple PN codes, multiple FH code, etc.


–	Multi-user diversity: proportional fairness (PF), etc.


–	Other schemes.


Characterize the diversity combining algorithm, for example, switched diversity, maximal ratio combining, equal gain combining. 


Provide information on the receiver/transmitter RF configurations, for example:


–	number of RF receivers


–	number of RF transmitters.


EUHT adopts the following several diversity modes: 


· Space diversity: It is implemented by increasing the number of the transmitting and receiving antennas and beamforming. 


Number of TX-antenna ports: This depends on the deployment. To implement the multi-layer transmission, however, at most 8 antenna ports have been defined. The mapping of the ports onto the physical antennas is a specific implementation problem. 


Number of RX antenna ports: It depends on the specific reception implementation. 


· Frequency diversity: It is implemented by transmitting data in all the transmission bandwidth (Data are repeatedly transmitted for multiple times in a frequency domain). 


· Time diversity: It is implemented by adopting the fast retransmissions of the ARQ protocol or repeatedly transmitting data in the same frame.  


· Multi-user diversity: The multi-user diversity gain is obtained by using the random fluctuation of the fading channels of different users, always selecting the users with the best channel conditions and making them work together.





			5.2.3.2.21


			Synchronization requirements





			5.2.3.2.21.1


			Describe RIT’s/SRIT’s timing requirements, e.g.


–	Is base station-to-base station synchronization required?  Provide precise information, the type of synchronization, i.e., synchronization of carrier frequency, bit clock, spreading code or frame, and their accuracy.


–	Is base station-to-network synchronization required?


State short-term frequency and timing accuracy of base station transmit signal.


EUHT system supports three synchronization modes: the network synchronization based on the IEEE 1588v2 protocol, the GPS synchronization and the independently researched and developed photoelectric synchronization mechanism. These three modes backup each other. They can be switched flexibly and very high reliability can be achieved. Different base stations can reach the time synchronization accuracy of less than 1 us by adopting the network synchronization based on the IEEE 1588 V2 protocol.  If the number of the arcades is small, the accuracy of 500 ns can be reached. The synchronization accuracy of the GPS mode is 500 ns. If the independently researched and developed photoelectric synchronization scheme is adopted, the synchronization accuracy of less than 1us can be reached. In short, the deployment of the current EUHT synchronization scheme is simple, reliable and accurate. In addition, the synchronization requirement of EUHT is also lower, no more than 4us. 





EUHT adopts the half-duplex TDD mode. The synchronization between base stations and the synchronization mechanism between the base station and the network are needed. 


EUHT adopts the PPS (plus per second) to achieve the inter-base-station frame synchronization and resist inter-cell Interference. 


-- It provides the common system frame number SFN to achieve the frame-level synchronization of the air interfaces and assist some operations such as network entry and handover.


-- It achieves the BS time synchronization through the Ethernet synchronization and provides absolute clock information for the system. 


Accuracy requirements: 


CAP transmit signal accuracy: 


· Frequency accuracy: The frequency deviation is within ±0.5 ppm. The observation time is 1ms. 


The cell phase synchronization accuracy measured at the CAP antenna connector is better than 3us. 





			5.2.3.2.21.2


			Describe the synchronization mechanisms used in the proposal, including synchronization between a user terminal and a base station. 


For Sub-6GHz bands:


Cell search is the process in which a STA achieves the time and frequency synchronization with a cell and detects the physical layer cell ID of the cell. In the downlink, the STA obtains frequency offset estimation through the autocorrelation of long and short preambles. Short preambles are for coarse synchronization and long preambles are for fine synchronization. The second synchronization is implemented by cell reference signals. In the uplink, the STA pre-compensates for the uplink transmission according to the downlink frequency offset estimation.               


The STA receives the following synchronization signals (SS) to perform cell search: the short preamble (S-Preamble) and the common reference signal (CRS). S-Preamble is (at least) used in the initial symbol boundary, cyclic prefix, sub frame boundary, and initial frequency synchronization with the cell. CRS is used in radio frame boundary identification and fine synchronization. S-Preamble and CRS are together used for cell ID detection.               


Other synchronization mechanisms are defined e.g., monitoring, transmission timing adjustment, cell activation/deactivation timing used in radio links. 





For mmWave bands: 


A STA achieves the time and frequency synchronization with the initial frequency of the CAP in the whole process of cell search and initial access: 


In each D-SICH beam training period, the STA achieves the downlink frame synchronization and frequency offset according to the reference signals of the D-SICH header. It also conducts the TX and RX beam training by using different D-SICH transmit beam modes and STA reception beam modes.


After the D-SICH information is decoded, the STA selects a proper TX beam mode (from the D-SICH RX beam training) and specifies a time (from the D-SICH TX beam training) to initiate the random channel access (RACH) and the uplink synchronization.


It keeps the uplink time synchronization by implementing the periodic ranging.


It guarantees the beam alignment by tracking the beam of the TCH subframe.  





			5.2.3.2.22


			Link budget template


Proponents should complete the link budget template in § 45.2.3.3 to this description template for the environments supported in the RIT.


The information is provided with link budget template.





			5.2.3.2.23


			Support for wide range of services





			5.2.3.2.23.1


			Describe what kind of services/applications can be supported in each usage scenarios in Recommendation ITU-R M.2083 (eMBB, URLLC, and mMTC).


According to Recommendation ITU-R M.2083, the EUHT RIT has a variety of use forms in many scenarios such as eMBB, URLLC, and mMTC. 


According to Recommendation ITU-R M.1822, the application scope of the EUHT RIT is shown as follows: 


- The application of the eMBB includes high-speed mobility, high data rates (including the passing back of the videos to the ground from the high-speed train and the internet access of the passengers in high-speed trains), interactive services (including multi-party video conferences),broadcast services (including television broadcasting signals), telephone communication services (including basic/rich telephone communication services), and other high data rate services. It can meet the application requirements of stationary users, pedestrian users and high-speed train/vehicle users.


- The application of the URLLC includes highly reliable and short-delay services such as remote medical services, smart traffic and smart power grids. 


- The application of the mMTC includes smart cities, smart home and the communications between other machines. 





			5.2.3.2.23.2


			Describe any capabilities/features to flexibly deploy a range of services across different usage scenarios (eMBB, URLLC, and mMTC) in an efficient manner, (e.g., a proposed RIT/SRIT is designed to use a single continuous or multiple block(s) of spectrum).


In different application scenarios, EUHT has multiple flexible configuration attributes, which facilitate the performance improvement of the RIT. 


- The eMBB services can benefit from the following components. 


-           The maximum aggregated bandwidth supported by EUHT is 1600MHz for  Sub-6GHz bands, 6400MHz for mmWave bands, which can improve the data transmission rate. 


-           EUHT supports 8*8 MIMO. Its maximum modulation mode is 1024 QAM, which can improve the data transmission rate. 


- The URLLC services can benefit from the following components. 


The following low latency structures can effectively improve the characteristics of the URLLC. 


-          The scheduling unit of EUHT is the resource unit and the time interval is less than 1ms. The reduced processing time budget at the STA side can lower the time delay. 


-          Front loaded DRS can be used to complete the channel estimation before valid data arrive. 


-          Instantly returning ACK/NACK can reduce the user plane delay. 


- The mMTC services can benefit from the following components. 


-           Reducing the PAPR can increase the Tx power and facilitate the better coverage. 


-           Flexible frame length configuration facilitates the better coverage. 


-           The high aggregation level of the downlink control channel facilitates the better coverage. 


-            The super long DRX cycle in the MAC_ACTIVE state can reduce the power consumption of the terminal and extend the battery service life. 


-            A few data can be transmitted when they are randomly received. They needn’t be transformed into the MAC _CONNECT state, which can reduce the signalling overhead. 


-            The OFDMA (low power consumption) STAs to a broadband system is supported. The resource unit in OFDMA is as narrow as 312.5KHz.


-            The retransmission mechanism can increase the control channel and the service channel coverage. 





			5.2.3.2.24


			Global circulation of terminals


Describe technical basis for global circulation of terminals not causing harmful interference in any country where they circulate, including a case when terminals have capability of device-to-device direct communication mode.


EUHT CAP can broadcast the band information and spectrum mask of specific region to STAs. If STA is not able to comply with the requirements provided by the network, it is not allowed to initiate connection towards the CAP.





			5.2.3.2.25


			Energy efficiency


Describe how the RIT/SRIT supports a high sleep ratio and long sleep duration.


Describe other mechanisms of the RIT/SRIT that improve the support of energy efficiency operation for both network and device.
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In the wireless transmission, the BCF frame must be transmitted periodically. The BCF frame is used in the STA to detect the CAP and obtain the basic information on the CAP. The BCF interval and the physical frame length can be configured through the network. The BCF frame is transmitted in a sub-frequency band. The physical frame length is one of the sets of {0.5, 1, 1.6, 2, 2.5, 4, other} ms. 


The minimum system information carried by a BCF frame can at least ensure the establishment of the connection between the STA and the network. After the STA receives a BCF frame and joins the CAP, it is not necessary to read. The CAP has its energy saving measure. Its hibernation rate can reach 60%-99.5%. 





Device energy efficiency 


The operation of the STA has two power states. 


- Active state:  full-power communication mode. 


- Sleep mode:  In the energy saving half communication mode, the STA cannot transmit and receive data.  


The handover between the activated state and the sleep state has the following two modes according to the energy efficiency management : 


- Active mode:  The STA can receive frames at any time. 


- Sleep mode:  The purpose that the STA operates under the sleep mode is to save power and air interface resources to the maximum extent. 


In the sleep mode, the STA should listen to the synchronization frame and DTF_IND in the listening window of each sleep cycle. Its hibernation rate can reach 80%-99.9%. 
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Sleep cycle : It includes a sleep window and a listening window. 


Sleep window: Duration of sleep,measured in  milliseconds.  Its value is variable and a multiple of the physical frame length. It does not receive the downlink data to save energy. 


Listening window: Duration of listening, measured in milliseconds. Its value is fixed. It is the length of one physical frame. It listens to synchronous interrupts and DTF_IND. 


DTF_IND: A management frame. The CAP transmits DTF_IND frames in the listening window and asks the STA if there are any data that need to be received. If there are some data that need to be received, it puts an end to the sleep mode, otherwise it continues the sleep mode. 


SLP_REQ: A management frame. The STA sends SLP_REQ to request to enter the sleep mode. 


SLP_RSP: A management frame. The STA receives a SLP_RSP frame and the frame contains some parameters such as duration of sleep and accurate sleep start time. 





			5.2.3.2.26


			Other items 












			5.2.3.2.26.1


			Coverage extension schemes


Describe the capability to support/ coverage extension schemes, such as relays or repeaters.


The RIT supports the use of the following mechanisms to improve the coverage. 


· It uses the CFR algorithm to limit the PAR, increase the average Tx power and achieve a better coverage. 


· It uses low modulation and low coding to achieve a better coverage. 


· Beam management is used to increase the coverage in case of massive MIMO. 


It supports the use of different types of repeating (amplifying and forwarding) functions. Because the STA and the network fail to perceive the existence of repeaters, the functions will not be described in detail. 





			5.2.3.2.26.2


			Self-organisation 


Describe any self-organizing aspects that are enabled by the RIT/SRIT.


The self-organizing network (SON) is a part of EUHT. Several application examples benefiting from the SON will be introduced as follows. This part of the work is continuing. 


EUHT system supports the following functions of the self-organizing network (SON):  


Self-configuration:


· Automatic identification of interference cells: Under the control of the Network Management System, a CAP can receive signals from its surrounding cells and calculate the corresponding RSSI. The CAP can add neighbors to the interference cell list accord to the strength of the RSSI. 


· Physical cell identity (PCI) selection: The Network Management System can allocate a physical cell identity to each CAP according to the capacity, scope and other factors. The Network Management System allocates PCIs for each CAP according to a centralized physical cell identity algorithm. 





Self-optimization:


· Automatic optimization of handover parameters: The STA submits the acquired parameters such as RSSI, SNR and TA of the source CAP and target CAP to the Network Management System in the handover process. Then the Network Management System optimizes the handover parameters according to the relevant algorithms. 


· Dynamic allocation of downlink and uplink resources: The Network Management System automatically adjusts the downlink and uplink resource allocation according to the current service situation.  


· Mobility load balancing: The CAP with congested services can transfer its services to another CAP according to the actual conditions and tell the STA to access the CAP and continue the service transfer.   


· Energy Saving: Carry out the power control according to the service situation to facilitate the operation expense reduction. 





			5.2.3.2.26.3


			Describe the frequency reuse schemes (including reuse factor and pattern) for the assessment of average spectral efficiency and 5th percentile user spectral efficiency.


Uncoordinated frequency reuse one is used in the performance evaluations.





			5.2.3.2.26.4


			Is the RIT/component RIT an evolution of an existing IMT technology? Provide the detail.


This EUHT RIT is new radio developed by NUFRONT, and will be evolved to be a more advanced mmWave bands version.





			5.2.3.2.26.5


			Does the proposal satisfy a specific spectrum mask? Provide the detail. (This information is not intended to be used for sharing studies.)


Yes, it satisfies the specific spectrum mask.


For STA and CAP in Sub-6GHz bands and mmWave bands:


The frequency spectrum mask is specified according to a normative (general) frequency spectrum emission mask and an additional frequency spectrum mask. Please refer to EUHT standard. 





			5.2.3.2.26.6


			Describe any UE power saving mechanisms used in the RIT/SRIT. 


The STA neither receives nor sends any signals when it is in a sleep mode. 


The STA will immediately enter the low power consumption mode after it receives a DTF frame. The same will occur when it is in the listening mode. 





			5.2.3.2.26.7


			Simulation process issues


Describe the methodology used in the analytical approach.


Proponent should provide information on the width of confidence intervals of user and system performance metrics of corresponding mean values, and evaluation groups are encouraged to provide this information as requested in § 7.1 of Report ITU-R M.2412-0.


As described in Section 7.1 of M.2412, system simulations are iterated over M independent ‘drops’ of user locations. Statistics, mean and 5th percentiles, are calculated over all drops, and confidence intervals are estimated by comparing the results of the different drops. The number of drops is up to each evaluator.





			5.2.3.2.26.8


			Operational life time


Describe the mechanisms to provide long operational life time for devices without recharge for at least massive machine type communications


- More highly efficient sleep-listening ratio.


- Less TA scheduling consumption. 


- The STA will not be awaked when it receives MAC frame from application layer. 





			5.2.3.2.26.9


			Latency for infrequent small packet 


Describe the mechanisms to reduce the latency for infrequent small packet, which is, in a transfer of infrequent application layer small packets/messages, the time it takes to successfully deliver an application layer packet/message from the radio protocol layer 2/3 SDU ingress point at the UE to the radio protocol layer 2/3 SDU egress point in the base station, when the UE starts from its most “battery efficient” state.


To quickly awaken sleeping devices from the highest battery efficiency state, EUHT supports the following features: 


· When a STA starts its data transmission, restore a previous connection to reduce the resource scheduling frequency and reduce the connection delay. 





			[bookmark: _Hlk485410211]5.2.3.2.26.10


			Control plane latency


Provide additional information whether the RIT/SRIT can support a lower control plane latency (refer to § 4.7.2 in Report ITU-R M.2410-0).


Please refer to self-evaluation report.





			5.2.3.2.26.11


			Reliability


Provide additional information whether the RIT/RSIT can support reliability for larger packet sizes (refer to § 4.10 in Report ITU-R M.2410-0).


According to the reliability results in self-evaluation report, EUHT RIT can achieve over 99.99999% reliability for 32byte packet size. Therefore, EUHT RIT can support required reliability up to 100byte packet size.





			5.2.3.2.26.12


			[bookmark: _Hlk485410169]Mobility


Provide additional information for the downlink mobility performance of the RIT/SRIT (refer to § 4.11 in Report ITU-R M.2410-0).


According to uplink mobility results in self-evaluation report, EUHT RIT can achieve much better performance than ITU required. The downlink performance in EUHT RIT is better than uplink.  Therefore, EUHT RIT can support required downlink mobility performance.





			5.2.3.2.27


			Other information


Please provide any additional information that the proponent believes may be useful to the evaluation process.


N/A





























































































































Abbreviation


For the purposes of this document, the following abbreviations apply.


ACK: Acknowledgement


BCC: Binary Convolutional Code


BCF: Broadcasting Control Frame


BFM: Beam forming Matrix


BPSK: Binary Phase Shift Keying


BS: Buffer Size


RSTAID: Broadcasting STAID


CAP: Central Access Point (Base Station)


CCH: Control Channel


CP: Cyclic Prefix


CQI: Channel Quality Information


CRC: Cyclic Redundancy Check


CSI: Channel State Information


DL-SCH: Downlink Sounding Channel 


DL-TCH: Downlink Transmission Channel 


DSA: Dynamic Service Addition


DSC: Dynamic Service Change


DSD: Dynamic Service Delete


EQM: Equal Modulation


EUHT: Enhanced Ultra High Throughput 


FCS: Frame Check Sequence


FFT: Fast Fourier Transform


FID: Flow ID


PTI: Feedback Pilot Interval


FSN: Fragment Sequence Number


GBR: Guaranteed Bit Rate


G-MPDU: Group MPDU


Group Ack: Group Acknowledgement


IFFT: Inverse Fast Fourier Transform 


IP: Internet Protocol


IACK:Instant Acknowledgement


LDPC: Low Density Parity Code


L-Preamble: Long Preamble


LSB: Least Significant Bit


MAC: Media Access Control


MCS: Modulation and Coding Scheme


MIMO: Multiple Input Multiple Output


MME: Mobility Management Entity


MMPDU: MAC Management Protocol Data Unit


MPDU: MAC Protocol Data Unit


MSB: Most Significant Bit


MSDU: MAC Service Data Unit


MU-MIMO: Multiple User MIMO


OFDM: Orthogonal Frequency Division Multiplexing


OFDMA: Orthogonal Frequency Division Multiple Access


PDU: Protocol Data Unit


PHY: Physical layer


PICS: Protocol implementation consistent assertion 


PN: Pseudo Noise


QAM: Quadrature Amplitude Modulation


QoS: Quality of Service


QPSK: Quadrature Phase Shift Keying


RA: Random Access


REQ: Request


RMS: Root Mean Square


RSP: Response


SAP: Service Access Point


SBC: STA Basic Capability


SCG: Service Control Gateway


SDU: Service Data Unit


SICH: System Information Channel


SINR: Signal To Interference Noise Ratio


SN: Sequence Number


SNR: Signal To Noise Ratio


S-Preamble: Short Preamble


SSN: Starting Sequence Number


STA: Station (UE)


STAID: STA Identifier


STBC: Space Time Block Code


SU-MIMO: Single User MIMO


TDD: Time Division Duplexing


TSTAID: Temporary STAID


UEQM: Unequal Modulation


UGI: Uplink Guard Interval


UL-RACH: Uplink Random Access Channel


UL-SCH: Uplink Sounding Channel


UL-SRCH: Uplink Schedule Request Channel


UL-TCH: Uplink Transmission Channel


WAPI: WLAN Authentication and Privacy Infrastructure
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Compliance template for the EUHT RIT


The compliance templates provided by NUFRONT are for the assessment of the compliance of IMT-2020 radio interface(s) of ITU-R. It includes one compliance template for the EUHT RIT.








5.2.4.1 	Compliance template for services[footnoteRef:1] [1: 	If a proponent determines that a specific question does not apply, the proponent should indicate that this is the case and provide a rationale for why it does not apply.
] 






			


			Service capability requirements


			Evaluator’s comments





			5.2.4.1.1


			Support for wide range of services


Is the proposal able to support a range of services across different usage scenarios (eMBB, URLLC, and mMTC)?:	YES


Specify which usage scenarios (eMBB, URLLC, and mMTC) the candidate RIT or candidate SRIT can support.(1)


The EUHT RIT can support eMBB, URLLC and mMTC usage scenarios.


			The assessment of service requirement follows the evaluation method as defined in Section 7.3.3 in Report ITU-R M.2412.





			(1)	Refer to the process requirements in IMT-2020/2.











5.2.4.2 	Compliance template for spectrum3


			


			Spectrum capability requirements





			5.2.4.2.1


			Frequency bands identified for IMT


Is the proposal able to utilize at least one frequency band identified for IMT in the ITU Radio Regulations?:	YES


Specify in which band(s) the candidate RIT or candidate SRIT can be deployed.


The supported  frequency bands identified for IMT  are provided in item 5.2.3.2.8.3 in characteristics template for the EUHT RIT. See the table for IMT bands.





			5.2.4.2.2


			Higher Frequency range/band(s)


Is the proposal able to utilize the higher frequency range/band(s) above 24.25 GHz?:	YES


Specify in which band(s) the candidate RIT or candidate SRIT can be deployed.


NOTE 1 – In the case of the candidate SRIT, at least one of the component RITs need to fulfil this requirement.


[bookmark: _GoBack]The supported frequency bands above 24.25 GHz are provided in item 5.2.3.2.8.3 in characteristics template for the EUHT RIT. See the table for higher frequency bands.











5.2.4.3 	Compliance template for technical performance3


See self evaluation report for detailed analysis, results and specific assumptions (e.g. antenna configurations, etc.).





			Minimum technical performance requirements item (5.2.4.3.x), units, and Report
ITU-R M.2410-0 section reference(1)


			Category


			Required value


			Value(2)


			Requirement met?


			Comments
(3)





			


			Usage scenario


			Test environment


			Downlink or uplink


			


			


			


			





			5.2.4.3.1
Peak data rate (Gbit/s)
(4.1)


			eMBB


			Not applicable


			Downlink


			20


			32.77~177.15


			Yes


			The values are achieved by using 16-carrier aggregation 





			


			


			


			Uplink


			10


			12.72~72.80


			Yes


			





			5.2.4.3.2
Peak spectral efficiency (bit/s/Hz)
(4.2)


			eMBB


			Not applicable


			Downlink


			30


			31.71~52.4


			Yes


			The values are achieved by using 16-carrier aggregation





			


			


			


			Uplink


			15


			17.49~52.6


			Yes


			





			5.2.4.3.3
User experienced data rate (Mbit/s)
(4.3)


			eMBB


			Dense Urban – eMBB


			Downlink


			100


			110.0


			Yes


			For evaluation configuration A (4 GHz), Channel model A.





			


			


			


			Uplink


			50


			68.0


			Yes


			





			5.2.4.3.4
5th percentile user spectral efficiency (bit/s/Hz)
(4.4)


			eMBB


			Indoor Hotspot – eMBB


			Downlink


			0.3


			0.40


			Yes


			For evaluation configuration A (4 GHz), Channel model A.





			


			


			


			Uplink


			0.21


			0.37


			Yes


			





			


			eMBB


			Dense Urban – eMBB


			Downlink


			0.225


			0.55


			Yes


			For evaluation configuration A (4 GHz), Channel model A.





			


			


			


			Uplink


			0.15


			0.34


			Yes


			





			


			eMBB


			Rural – eMBB


			Downlink


			0.12


			0.37


			Yes


			For evaluation configuration B (4 GHz), Channel model A.





			


			


			


			Uplink


			0.045


			0.13


			Yes


			





			


			


			


			Downlink


			0.12


			0.19


			Yes


			For evaluation configuration C (LMLC), Channel model A.





			


			


			


			Uplink


			0.045


			0.08


			Yes


			





			5.2.4.3.5
Average spectral efficiency (bit/s/Hz/ TRxP)
(4.5)


			eMBB


			Indoor Hotspot – eMBB


			Downlink


			9 


			10.12


			Yes


			For evaluation configuration A (4 GHz), Channel model A.





			


			


			


			Uplink


			6.75 


			8.81


			Yes


			





			


			eMBB


			Dense Urban – eMBB


			Downlink


			7.8 


			9.45


			Yes


			For evaluation configuration A (4 GHz), Channel model A.





			


			


			


			Uplink


			5.4 


			7.80


			Yes


			





			


			eMBB


			Rural – eMBB


			Downlink


			3.3 


			8.28


			Yes


			For evaluation configuration B (4 GHz), Channel model A.








			


			


			


			Uplink


			1.6 


			4.22


			Yes


			





			


			


			


			Downlink


			3.3 


			4.48


			Yes


			For evaluation configuration C (LMLC), Channel model A.








			


			


			


			Uplink


			1.6 


			4.38


			Yes


			





			5.2.4.3.6
Area traffic capacity (Mbit/s/m2)
(4.6)


			eMBB


			Indoor-Hotspot – eMBB


			Downlink


			10


			12.14


			Yes


			For evaluation configuration A (4 GHz), Channel model A.





			5.2.4.3.7
User plane latency
(ms)
(4.7.1)


			eMBB


			Not applicable


			Downlink


			4


			0.65~2.72


			Yes


			





			


			


			


			Uplink


			4


			0.59~2.64


			Yes


			





			


			URLLC


			Not applicable


			Downlink


			1


			0.65~0.91


			Yes


			





			


			


			


			Uplink


			1


			0.59~0.84


			Yes


			





			5.2.4.3.8
Control plane latency (ms)
(4.7.2)


			eMBB


			Not applicable


			Not applicable


			20


			4~13


			Yes


			





			


			URLLC


			Not applicable


			Not applicable


			20


			4


			Yes


			





			5.2.4.3.9
Connection density (devices/km2)
(4.8)


			mMTC


			Urban Macro – mMTC


			Uplink


			1 000 000 


			135,900,382 /


625 kHz


			Yes


			For evaluation configuration A (ISD=500m) with full buffer system level simulation followed by link level simulation; Channel model A.





			5.2.4.3.10
Energy efficiency
(4.9)


			eMBB


			Not applicable


			Not applicable


			Capability to support a high sleep ratio and long sleep duration


			Sleep ratio: 60%~99.5%


Sleep duration:


Up to 100ms


			Yes


			Network side





			


			


			


			


			


			Sleep ratio: 80%~99.9%


Sleep duration:


Up to 1s


			Yes


			Device side





			5.2.4.3.11
Reliability
(4.10)


			URLLC


			Urban Macro –URLLC


			Downlink


			1-10−5 success probability of transmitting a layer 2 PDU (protocol data unit) of size 32 bytes within 1 ms in channel quality of coverage edge


			>99.99999%


			Yes


			For evaluation configuration A (4 GHz), Channel model A.





			


			


			


			Uplink


			


			>99.99999%


			Yes


			For evaluation configuration A (4 GHz), Channel model A.





			5.2.4.3.12
Mobility classes
(4.11)


			eMBB


			Indoor Hotspot – eMBB


			Uplink


			Stationary, Pedestrian


			Stationary, Pedestrian


			Yes


			For all evaluation configurations in Indoor Hotspot - eMBB





			


			eMBB


			Dense Urban – eMBB


			Uplink


			Stationary, Pedestrian,


Vehicular (up to 30 km/h)


			Stationary, Pedestrian, Vehicular (up to 30 km/h)


			Yes


			For all evaluation configurations in Dense Urban - eMBB





			


			eMBB


			Rural – eMBB


			Uplink


			Pedestrian,Vehicular, High speed vehicular


			Pedestrian,Vehicular, High speed vehicular


			Yes


			For all evaluation configurations in Rural - eMBB





			5.2.4.3.13


Mobility
Traffic channel link data rates (bit/s/Hz)
(4.11)


			eMBB


			Indoor Hotspot – eMBB


			Uplink


			1.5 (10 km/h)


			7.20


			Yes


			For evaluation configuration A (4 GHz), Channel model A.





			


			eMBB


			Dense Urban – eMBB


			Uplink


			1.12 (30 km/h)


			2.48


			Yes


			For evaluation configuration A (4 GHz), Channel model A.





			


			eMBB


			Rural – eMBB


			Uplink


			0.8 (120 km/h)


			4.23


			Yes


			For evaluation configuration A(700 MHz), Channel model A.





			


			


			


			


			0.45 (500 km/h)


			3.95


			Yes


			





			


			


			


			


			0.8 (120 km/h)


			2.00


			Yes


			For evaluation configuration B (4 GHz), Channel model A.





			


			


			


			


			0.45 (500 km/h)


			1.44


			Yes


			





			5.2.4.3.14
Mobility interruption time (ms) 
(4.12)


			eMBB and URLLC


			Not applicable


			Not applicable


			0


			0


			Yes


			





			5.2.4.3.15
Bandwidth and Scalability
(4.13)


			Not applicable


			Not applicable


			Not applicable


			At least 100 MHz


			0.8 GHz ~ 6.4 GHz


			Yes


			





			


			


			


			


			Up to 1 GHz


			


			Yes


			





			


			


			


			


			Support of multiple different bandwidth values(4)


			4~11 different component carrier bandwidth values


			Yes


			





			(1)	As defined in Report ITU-R M.2410-0.


(2)	According to the evaluation methodology specified in Report ITU-R M.2412-0.


(3)	Proponents should report their selected evaluation methodology of the Connection density, the channel model variant used, and evaluation configuration(s) with their exact values (e.g. antenna element number, bandwidth, etc.) per test environment, and could provide other relevant information as well. For details, refer to Report ITU-R M.2412-0, in particular, § 7.1.3 for the evaluation methodologies, § 8.4 for the evaluation configurations per each test environment, and Annex 1 on the channel model variants.


(4)	Refer to § 7.3.1 of Report ITU-R M.2412-0.
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budget template - Channel Model A - EUHT RIT.xlsx

General Note


			General notes:
1. Item "(1bis) Number of transmit antenna ports" is added, which indicates the number of transmit antenna ports for the transmission link. One transmit antenna port may map to 1 or multiple transmit antenna elements. Beamforming is assumed for the transmit antenna element(s) that generate one transmit antenna port, which results in transmitter array gain. 
2. Item "(5) Transmitter array gain" is calculated as 10*log10( (1)/(1bis) )
3. Item "(10bis) Number of  receive antenna ports" is added, which indicates the number of receive antenna ports for the transmission link. One receive antenna port may map to 1 or multiple transmit antenna elements. Beamforming is assumed for the receive antenna element(s) that generate one receive antenna port, which results in receive array gain. 
4. Item "(11bis) Receiver array gain" is added. It is calculated as 10*log10( (10)/(10bis) )
5. For Urban Macro - mMTC test environment, item "(15a/b) Receiver interference density" is assumed to be -177dB due to the assumption of low cell load when the large coverage area of  mMTC is considered.
6. In applying the link budget template, it was noted that the template calculates valuations for the control channel and the data channel separately.  In particular, it was necessary to provide separate values for the data channel and the control channel in the following entries: cell area reliability, items 15, 16, 17, 18 and 25 for the reason that the control channel link budget is based on a set of different parameters from those for the data channel, e.g. the bandwidth, cell area reliability, receiver interference density, shadow fading margin, etc.  Therefore we have provided an “a) (control channel)” and “b) (data channel)” set of answers for these values even though the ITU-R template did not specifically request separate values for these items.








InH-eMBB (4GHz)


			Item			DL						UL


						DL-TCH    (NLOS)			DL-CCH    (NLOS) 			UL-TCH  (NLOS)			UL-CCH  (NLOS) 


			System configuration


			Carrier frequency (GHz)			4.00			4.00			4.00			4.00


			BS antenna heights (m)			3.00			3.00			3.00			3.00


			UT antenna heights (m)			1.50			1.50			1.50			1.50


			Cell area reliability for control channel  (%) (Please specify how it is calculated.) 			-			95%			-			95%


			Cell area reliability for data channel (%) (Please specify how it is calculated.) 			90%			-			90%			-


			Transmission bit rate for control channel (bit/s)			-			72000.00			-			72000.00


			Transmission bit rate for data channel (bit/s)			17968750.00			-			17968750.00			-


			Target packet error rate for the required SNR in item (19a) for control channel			-			1%			-			1%


			Target packet error rate for the required SNR in item (19b) for data channel			10%			-			10%			-


			Spectral efficiency (bit/s/Hz)			1.000E+00			-			1.000E+00			-


			Pathloss model (select from LoS or NLoS)			NLOS			NLOS			NLOS			NLOS


			UE speed (km/h)			3.00			3.00			3.00			3.00


			Feeder loss (dB)			3.00			3.00			3.00			3.00


			Transmitter


			(1) Number of transmit antennas. (The number shall be within the indicated range in  § 8.4 of Report ITU-R M.2412-0)			64.00			64.00			8.00			8.00


			(1bis) Number of  transmit antenna ports			8.00			8.00			8.00			8.00


			(2) Maximal transmit power per antenna (dBm)			6.00			6.00			14.00			14.00


			(3) Total transmit power = function of (1) and (2) (dBm) (The value shall not exceed the indicated value in § 8.4 of Report ITU-R M.2412-0)			24.06			24.06			23.03			23.03


			(4) Transmitter antenna gain (dBi)			5.00			5.00			0.00			0.00


			(5) Transmitter array gain (depends on transmitter array configurations and technologies such as adaptive beam forming, CDD (cyclic delay diversity), etc.) (dB)			9.03			9.03			0.00			0.00


			(6) Control channel power boosting gain (dB)			0.00			0.00			0.00			0.00


			(7) Data channel power loss due to pilot/control boosting (dB)			0.00			0.00			0.00			0.00


			(8) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for downlink)			3.00			3.00			1.00			1.00


			(9a) Control channel EIRP = (3) + (4) + (5) + (6) – (8) dBm			35.09			35.09			22.03			22.03


			(9b) Data channel EIRP = (3) + (4) + (5) – (7) – (8)  dBm			35.09			35.09			22.03			22.03


			Receiver


			(10) Number of receive antennas (The number shall be within the indicated range in § 8.4 of Report ITU-R M.2412-0)			8.00			8.00			64.00			64.00


			(10bis) Number of receive antenna ports			8.00			8.00			8.00			8.00


			(11) Receiver antenna gain (dBi)			0.00			0.00			5.00			5.00


			(11bis) Receiver array gain (depends on receive array configurations and technologies such as adaptive beam forming, etc.) (dB)			0.00			0.00			9.03			9.03


			(12) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for uplink)			1.00			1.00			3.00			3.00


			(13) Receiver noise figure (dB)			7.00			7.00			5.00			5.00


			(14) Thermal noise density (dBm/Hz)			-174.00			-174.00			-174.00			-174.00


			(15a) Receiver interference density for control channel (dBm/Hz) 			-			-174.00			-			-174.90


			(15b) Receiver interference density for data channel (dBm/Hz) 			-174.00			-			-174.90			-


			(16a) Total noise plus interference density for control channel        = 10 log (10^(((13) + (14))/10) + 10^((15a)/10))  dBm/Hz  			-			-166.21			-			-168.01


			(16b) Total noise plus interference density for data channel        = 10 log (10^(((13) + (14))/10) + 10^((15b)/10))  dBm/Hz 			-166.21			-			-168.01			-


			(17a) Occupied channel bandwidth for control channel (for meeting the requirements of the traffic type) (Hz)			-			17968750.00			-			17968750.00


			(17b) Occupied channel bandwidth for data channel (for meeting the requirements of the traffic type) (Hz)			17968750.00			-			17968750.00			-


			(18a) Effective noise power for control channel = (16a) + 10 log((17a)) dBm			-			-93.66			-			-95.46


			(18b) Effective noise power for data channel = (16b) + 10 log((17b)) dBm			-93.66			-			-95.46			-


			(19a) Required SNR for the control channel (dB) 			-			-0.50			-			-0.50


			(19b) Required SNR for the data channel (dB) 			-1.10			-			-1.10			-


			(20) Receiver implementation margin (dB)			2.00			2.00			2.00			2.00


			(21a) H-ARQ gain for control channel (dB)			-			0.00			-			0.00


			(21b) H-ARQ gain for data channel (dB)			0.00			-			0.00			-


			(22a) Receiver sensitivity for control channel         = (18a) + (19a) + (20) – (21a)  dBm			-			-92.16			-			-93.96


			(22b) Receiver sensitivity for data channel          = (18b) + (19b) + (20) – (21b)  dBm			-92.76			-			-94.56			-


			(23a) Hardware link budget for control channel          = (9a) + (11) + (11bis) − (22a)   dB			-			127.26			-			130.02


			(23b) Hardware link budget for data channel           = (9b) + (11) + (11bis) − (22b)  dB			127.86			-			130.62			-


			Calculation of available pathloss


			(24) Lognormal shadow fading std deviation (dB)			4.00			4.00			4.00			4.00


			(25a) Shadow fading margin for control channel (function of the cell area reliability and (24)) (dB)			-			2.80			-			2.80


			(25b) Shadow fading margin for data channel (function of the cell area reliability and (24)) (dB) 			0.91			-			0.91			-


			(26) BS selection/macro-diversity gain (dB)			0.00			0.00			0.00			0.00


			(27) Penetration margin (dB)			0.00			0.00			0.00			0.00


			(28) Other gains (dB) (if any please specify)			0.00			0.00			0.00			0.00


			(29a) Available path loss for control channel          = (23a) – (25a) + (26) – (27) + (28) – (12)   dB			-			123.46			-			124.22


			(29b) Available path loss for data channel           = (23b) – (25b) + (26) – (27) + (28) – (12)   dB			125.95			-			126.71			-


			Range/coverage efficiency calculation


			(30a) Maximum range for control channel (based on (29a) and according to the system configuration section of the link budget) (m)			-			203.02			-			211.45


			(30b) Maximum range for data channel (based on (29b) and according to the system configuration section of the link budget) (m)			231.76			-			241.39			-


			(31a) Coverage Area for control channel = (π (30a)2) (m2/site)			-			129484.55			-			140470.63


			(31b) Coverage Area for data channel = (π (30b)2) (m2/site)			168744.45			-			183061.52			-








DU-eMBB (4GHz）


			Item			DL												UL


						DL-TCH  (NLOS)			DL-CCH (NLOS) 			DL-TCH (NLOS O-to-I)			DL-CCH (NLOS O-to-I) 			UL-TCH (NLOS)			UL-CCH   (NLOS) 			UL-TCH   (NLOS O-to-I)			UL-CCH      (NLOS O-to-I) 


			System configuration


			Carrier frequency (GHz)			4.00			4.00			4.00			4.00			4.00			4.00			4.00			4.00


			BS antenna heights (m)			25.00			25.00			25.00			25.00			25.00			25.00			25.00			25.00


			UT antenna heights (m)			1.50			1.50			1.50			1.50			1.50			1.50			1.50			1.50


			Cell area reliability for control channel  (%) (Please specify how it is calculated.) 			-			95%			-			95%			-			95%			-			95%


			Cell area reliability for data channel (%) (Please specify how it is calculated.) 			90%			-			90%			-			90%			-			90%			-


			Transmission bit rate for control channel (bit/s)			-			72000.00			-			72000.00			-			72000.00						72000.00


			Transmission bit rate for data channel (bit/s)			17968750.00			-			17968750.00			-			17968750.00			-			17968750.00			-


			Target packet error rate for the required SNR in item (19a) for control channel			-			1%			-			1%			-			1%			-			1%


			Target packet error rate for the required SNR in item (19b) for data channel			10%			-			10%			-			10%			-			10%			-


			Spectral efficiency (bit/s/Hz)			1.000E+00			-			1.000E+00			-			1.000E+00			-			1.000E+00			-


			Pathloss model (select from LoS or NLoS)			NLOS			NLOS			NLOS O-to-I			NLOS O-to-I			NLOS			NLOS			NLOS O-to-I			NLOS O-to-I


			UE speed (km/h)			30.00			30.00			3.00			3.00			30.00			30.00			3.00			3.00


			Feeder loss (dB)			3.00			3.00			3.00			3.00			3.00			3.00			3.00			3.00


			Transmitter


			(1) Number of transmit antennas. (The number shall be within the indicated range in  § 8.4 of Report ITU-R M.2412-0)			64.00			64.00			64.00			64.00			8.00			8.00			8.00			8.00


			(1bis) Number of antenna ports			8.00			8.00			8.00			8.00			8.00			8.00			8.00			8.00


			(2) Maximal transmit power per antenna (dBm)			26.00			26.00			26.00			26.00			14.00			14.00			14.00			14.00


			(3) Total transmit power = function of (1) and (2) (dBm) (The value shall not exceed the indicated value in § 8.4 of Report ITU-R M.2412-0)			44.06			44.06			44.06			44.06			23.03			23.03			23.03			23.03


			(4) Transmitter antenna gain (dBi)			8.00			8.00			8.00			8.00			0.00			0.00			0.00			0.00


			(5) Transmitter array gain (depends on transmitter array configurations and technologies such as adaptive beam forming, CDD (cyclic delay diversity), etc.) (dB)			9.03			9.03			9.03			9.03			0.00			0.00			0.00			0.00


			(6) Control channel power boosting gain (dB)			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00


			(7) Data channel power loss due to pilot/control boosting (dB)			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00


			(8) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for downlink)			3.00			3.00			3.00			3.00			1.00			1.00			1.00			1.00


			(9a) Control channel EIRP = (3) + (4) + (5) + (6) – (8) dBm			58.09			58.09			58.09			58.09			22.03			22.03			22.03			22.03


			(9b) Data channel EIRP = (3) + (4) + (5) – (7) – (8)  dBm			58.09			58.09			58.09			58.09			22.03			22.03			22.03			22.03


			Receiver


			(10) Number of receive antennas (The number shall be within the indicated range in § 8.4 of Report ITU-R M.2412-0)			8.00			8.00			8.00			8.00			64.00			64.00			64.00			64.00


			(10bis) Number of receive antenna ports			8.00			8.00			8.00			8.00			8.00			8.00			8.00			8.00


			(11) Receiver antenna gain (dBi)			0.00			0.00			0.00			0.00			8.00			8.00			8.00			8.00


			(11bis) Receiver array gain (depends on receive array configurations and technologies such as adaptive beam forming, etc.) (dB)			0.00			0.00			0.00			0.00			9.03			9.03			9.03			9.03


			(12) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for uplink)			1.00			1.00			1.00			1.00			3.00			3.00			3.00			3.00


			(13) Receiver noise figure (dB)			7.00			7.00			7.00			7.00			5.00			5.00			5.00			5.00


			(14) Thermal noise density (dBm/Hz)			-174.00			-174.00			-174.00			-174.00			-174.00			-174.00			-174.00			-174.00


			(15a) Receiver interference density for control channel (dBm/Hz)			-			-169.30			-			-169.30			-			-161.70			-			-161.70


			(15b) Receiver interference density for data channel (dBm/Hz) 			-169.30			-			-169.30			-			-165.70			-			-165.70			-


			(16a) Total noise plus interference density for control channel        = 10 log (10^(((13) + (14))/10) + 10^((15a)/10))  dBm/Hz  			-			-164.99			-			-164.99			-			-160.96			-			-160.96


			(16b) Total noise plus interference density for data channel        = 10 log (10^(((13) + (14))/10) + 10^((15b)/10))  dBm/Hz 			-164.99			-			-164.99			-			-164.03			-			-164.03			-


			(17a) Occupied channel bandwidth for control channel (for meeting the requirements of the traffic type) (Hz)			-			17968750.00			-			17968750.00			-			17968750.00			-			17968750.00


			(17b) Occupied channel bandwidth for data channel (for meeting the requirements of the traffic type) (Hz)			17968750.00			-			17968750.00			-			17968750.00			-			17968750.00			-


			(18a) Effective noise power for control channel = (16a) + 10 log((17a)) dBm			-			-92.44			-			-92.44			-			-88.41			-			-88.41


			(18b) Effective noise power for data channel = (16b) + 10 log((17b)) dBm			-92.44			-			-92.44			-			-91.49			-			-91.49			-


			(19a) Required SNR for the control channel (dB) 			-			0.00			-			-2.60			-			0.00			-			-2.60


			(19b) Required SNR for the data channel (dB) 			-0.60			-			-3.10			-			-0.60			-			-3.10			-


			(20) Receiver implementation margin (dB)			2.00			2.00			2.00			2.00			2.00			2.00			2.00			2.00


			(21a) H-ARQ gain for control channel (dB)			-			0.00			-			0.00			-			0.00			-			0.00


			(21b) H-ARQ gain for data channel (dB)			0.00			-			0.00			-			0.00			-			0.00			-


			(22a) Receiver sensitivity for control channel         = (18a) + (19a) + (20) – (21a)  dBm			-			-90.44			-			-93.04			-			-86.41			-			-89.01


			(22b) Receiver sensitivity for data channel          = (18b) + (19b) + (20) – (21b)  dBm			-91.04			-			-93.54			-			-90.09			-			-92.59			-


			(23a) Hardware link budget for control channel          = (9a) + (11) + (11bis) − (22a)   dB			-			148.54			-			151.14			-			125.48			-			128.08


			(23b) Hardware link budget for data channel           = (9b) + (11) + (11bis) − (22b)  dB			149.14			-			151.64			-			129.15			-			131.65			-


			Calculation of available pathloss


			(24) Lognormal shadow fading std deviation (dB)			6.00			6.00			6.00			6.00			6.00			6.00			6.00			6.00


			(25a) Shadow fading margin for control channel (function of the cell area reliability and (24)) (dB)			-			8.07			-			6.95			-			8.07			-			6.95


			(25b) Shadow fading margin for data channel (function of the cell area reliability and (24)) (dB) 			4.85			-			4.03			-			4.85			-			4.03			-


			(26) BS selection/macro-diversity gain (dB)			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00


			(27) Penetration margin (dB)			9.00			9.00			26.25			26.25			9.00			9.00			26.25			26.25


			(28) Other gains (dB) (if any please specify)			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00


			(29a) Available path loss for control channel          = (23a) – (25a) + (26) – (27) + (28) – (12)   dB			-			130.47			-			116.94			-			105.41			-			91.88


			(29b) Available path loss for data channel           = (23b) – (25b) + (26) – (27) + (28) – (12)   dB			134.29			-			120.36			-			112.30			-			98.37			-


			Range/coverage efficiency calculation


			(30a) Maximum range for control channel (based on (29a) and according to the system configuration section of the link budget) (m)			-			482.29			-			217.35			-			110.18			-			49.66


			(30b) Maximum range for data channel (based on (29b) and according to the system configuration section of the link budget) (m)			604.00			-			265.86			-			165.40			-			72.80			-


			(31a) Coverage Area for control channel = (π (30a)2) (m2/site)			-			730745.06			-			148406.60			-			38140.91			-			7746.02


			(31b) Coverage Area for data channel = (π (30b)2) (m2/site)			1146120.72			-			222049.71			-			85942.14			-			16650.45			-








Rural-eMBB (4GHz）


			Item			DL												UL


						DL-TCH  (NLOS)			DL-CCH   (NLOS)			DL-TCH (NLOS O-to-I)			DL-CCH  (NLOS O-to-I)			UL-TCH  (NLOS)			UL-CCH   (NLOS)			UL-TCH (NLOS O-to-I)			UL-CCH  (NLOS O-to-I)


			System configuration


			Carrier frequency (GHz)			4.00			4.00			4.00			4.00			4.00			4.00			4.00			4.00


			BS antenna heights (m)			35.00			35.00			35.00			35.00			35.00			35.00			35.00			35.00


			UT antenna heights (m)			1.50			1.50			1.50			1.50			1.50			1.50			1.50			1.50


			Cell area reliability for control channel  (%) (Please specify how it is calculated.) 			-			95%			-			95%			-			95%			-			95%


			Cell area reliability for data channel (%) (Please specify how it is calculated.) 			90%			-			90%			-			90%			-			90%			-


			Transmission bit rate for control channel (bit/s)			-			72000.00			-			72000.00			-			18000.00			-			18000.00


			Transmission bit rate for data channel (bit/s)			17968750.00			-			17968750.00			-			8984375.00			-			8984375.00			-


			Target packet error rate for the required SNR in item (19a) for control channel			-			1%			-			1%			-			1%			-			1%


			Target packet error rate for the required SNR in item (19b) for data channel			10%			-			10%			-			10%			-			10%			-


			Spectral efficiency(bit/s/Hz)			1.000E+00			-			1.000E+00			-			5.000E-01			-			5.000E-01			-


			Pathloss model (select from LoS or NLoS)			NLOS			NLOS			NLOS O-to-I			NLOS O-to-I			NLOS			NLOS			NLOS O-to-I			NLOS O-to-I


			UE speed (km/h)			120.00			120.00			3.00			3.00			120.00			120.00			3.00			3.00


			Feeder loss (dB)			3.00			3.00			3.00			3.00			3.00			3.00			3.00			3.00


			Transmitter


			(1) Number of transmit antennas. (The number shall be within the indicated range in  § 8.4 of Report ITU-R M.2412-0)			64.00			64.00			64.00			64.00			8.00			8.00			8.00			8.00


			(1bis) Number of transmit antenna ports			8.00			8.00			8.00			8.00			8.00			8.00			8.00			8.00


			(2) Maximal transmit power per antenna (dBm)			31.00			31.00			31.00			31.00			14.00			14.00			14.00			14.00


			(3) Total transmit power = function of (1) and (2) (dBm) (The value shall not exceed the indicated value in § 8.4 of Report ITU-R M.2412-0)			49.06			49.06			49.06			49.06			23.03			23.03			23.03			23.03


			(4) Transmitter antenna gain (dBi)			8.00			8.00			8.00			8.00			0.00			0.00			0.00			0.00


			(5) Transmitter array gain (depends on transmitter array configurations and technologies such as adaptive beam forming, CDD (cyclic delay diversity), etc.) (dB)			9.03			9.03			9.03			9.03			0.00			0.00			0.00			0.00


			(6) Control channel power boosting gain (dB)			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00


			(7) Data channel power loss due to pilot/control boosting (dB)			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00


			(8) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for downlink)			3.00			3.00			3.00			3.00			1.00			1.00			1.00			1.00


			(9a) Control channel EIRP = (3) + (4) + (5) + (6) – (8) dBm			63.09			63.09			63.09			63.09			22.03			22.03			22.03			22.03


			(9b) Data channel EIRP = (3) + (4) + (5) – (7) – (8)  dBm			63.09			63.09			63.09			63.09			22.03			22.03			22.03			22.03


			Receiver


			(10) Number of receive antennas (The number shall be within the indicated range in § 8.4 of Report ITU-R M.2412-0)			8.00			8.00			8.00			8.00			64.00			64.00			64.00			64.00


			(10bis) Number of receive antenna ports			8.00			8.00			8.00			8.00			8.00			8.00			8.00			8.00


			(11) Receiver antenna gain (dBi)			0.00			0.00			0.00			0.00			8.00			8.00			8.00			8.00


			(11bis) Receiver array gain (depends on receive array configurations and technologies such as adaptive beam forming, etc.) (dB)			0.00			0.00			0.00			0.00			9.03			9.03			9.03			9.03


			(12) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for uplink)			1.00			1.00			1.00			1.00			3.00			3.00			3.00			3.00


			(13) Receiver noise figure (dB)			7.00			7.00			7.00			7.00			5.00			5.00			5.00			5.00


			(14) Thermal noise density (dBm/Hz)			-174.00			-174.00			-174.00			-174.00			-174.00			-174.00			-174.00			-174.00


			(15a) Receiver interference density for control channel (dBm/Hz) 			-			-169.30			-			-169.30			-			-161.70			-			-161.70


			(15b) Receiver interference density for data channel (dBm/Hz) 			-169.30			-			-169.30			-			-165.70			-			-165.70			-


			(16a) Total noise plus interference density for control channel        = 10 log (10^(((13) + (14))/10) + 10^((15a)/10))  dBm/Hz 			-			-164.99			-			-164.99			-			-160.96			-			-160.96


			(16b) Total noise plus interference density for data channel        = 10 log (10^(((13) + (14))/10) + 10^((15b)/10))  dBm/Hz 			-164.99			-			-164.99			-			-164.03			-			-164.03			-


			(17a) Occupied channel bandwidth for control channel (for meeting the requirements of the traffic type) (Hz)			-			17968750.00			-			17968750.00			-			17968750.00			-			17968750.00


			(17b) Occupied channel bandwidth for data channel (for meeting the requirements of the traffic type) (Hz)			17968750.00			-			17968750.00			-			17968750.00			-			17968750.00			-


			(18a) Effective noise power for control channel = (16a) + 10 log((17a)) dBm			-			-92.44			-			-92.44			-			-88.41			-			-88.41


			(18b) Effective noise power for data channel = (16b) + 10 log((17b)) dBm			-92.44			-			-92.44			-			-91.49			-			-91.49			-


			(19a) Required SNR for the control channel (dB) 			-			0.60			-			-2.50			-			-8.40			-			-11.50


			(19b) Required SNR for the data channel (dB) 			0.00			-			-3.10			-			-3.00			-			-6.10			-


			(20) Receiver implementation margin (dB)			2.00			2.00			2.00			2.00			2.00			2.00			2.00			2.00


			(21a) H-ARQ gain for control channel (dB)			-			0.00			-			0.00			-			0.00			-			0.00


			(21b) H-ARQ gain for data channel (dB)			0.00			-			0.00			-			0.00			-			0.00			-


			(22a) Receiver sensitivity for control channel         = (18a) + (19a) + (20) – (21a)  dBm			-			-89.84			-			-92.94			-			-94.81			-			-97.91


			(22b) Receiver sensitivity for data channel          = (18b) + (19b) + (20) – (21b)  dBm			-90.44			-			-93.54			-			-92.49			-			-95.59			-


			(23a) Hardware link budget for control channel          = (9a) + (11) + (11bis) − (22a)   dB			-			152.94			-			156.04			-			133.88			-			136.98


			(23b) Hardware link budget for data channel           = (9b) + (11) + (11bis) − (22b)  dB			153.54			-			156.64			-			131.55			-			134.65			-


			Calculation of available pathloss


			(24) Lognormal shadow fading std deviation (dB)			8.00			8.00			8.00			8.00			8.00			8.00			8.00			8.00


			(25a) Shadow fading margin for control channel (function of the cell area reliability and (24)) (dB)			-			10.45			-			8.45			-			10.45			-			8.45


			(25b) Shadow fading margin for data channel (function of the cell area reliability and (24)) (dB) 			6.61			-			5.13			-			6.61			-			5.13			-


			(26) BS selection/macro-diversity gain (dB)			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00


			(27) Penetration margin (dB)			9.00			9.00			12.50			12.50			9.00			9.00			12.50			12.50


			(28) Other gains (dB) (if any please specify)			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00


			(29a) Available path loss for control channel          = (23a) – (25a) + (26) – (27) + (28) – (12)   dB			-			132.49			-			134.09			-			111.43			-			113.03


			(29b) Available path loss for data channel           = (23b) – (25b) + (26) – (27) + (28) – (12)   dB			136.93			-			138.01			-			112.94			-			114.02			-


			Range/coverage efficiency calculation


			(30a) Maximum range for control channel (based on (29a) and according to the system configuration section of the link budget) (m)			-			1055.86			-			1161.50			-			300.91			-			331.02


			(30b) Maximum range for data channel (based on (29b) and according to the system configuration section of the link budget) (m)			1375.73			-			1467.19			-			329.35			-			351.25			-


			(31a) Coverage Area for control channel = (π (30a)2) (m2/site)			-			3502366.25			-			4238297.76			-			284462.45			-			344234.86


			(31b) Coverage Area for data channel = (π (30b)2) (m2/site)			5945858.22			-			6762771.84			-			340770.08			-			387589.18			-











UMa-mMTC (700MHz)


			Item			DL																		UL


						DL-TCH (LOS)			DL-CCH (LOS)			DL-TCH(NLOS)			DL-CCH (NLOS)			DL-TCH (NLOS O-to-I)			DL-CCH (NLOS O-to-I)			UL-TCH (LOS)			UL-CCH   (LOS)			UL-TCH  (NLOS)			UL-CCH   (NLOS)			UL-TCH (NLOS O-to-I)			UL-CCH  (NLOS O-to-I)


			System configuration


			Carrier frequency (GHz)			0.70			0.70			0.70			0.70			0.70			0.70			0.70			0.70			0.70			0.70			0.70			0.70


			BS antenna heights (m)			25.00			25.00			25.00			25.00			25.00			25.00			25.00			25.00			25.00			25.00			25.00			25.00


			UT antenna heights (m)			1.50			1.50			1.50			1.50			1.50			1.50			1.50			1.50			1.50			1.50			1.50			1.50


			Cell area reliability for control channel  (%) (Please specify how it is calculated.)			-			99%			-			99%			-			99%			-			99%			-			99%			-			99%


			Cell area reliability for data channel (%) (Please specify how it is calculated.) 			99%			-			99%			-			99%			-			99%			-			99%			-			99%			-


			Transmission bit rate for control channel (bit/s)			-			463.00			-			463.00			-			463.00						463.00						463.00						463.00


			Transmission bit rate for data channel (bit/s)			2116.40			-			2116.40			-			2116.40			-			2116.40						2116.40			-			2116.40			-


			Target packet error rate for the required SNR in item (19a) for control channel			-			1%			-			1%			-			1%			-			1%			-			1%			-			1%


			Target packet error rate for the required SNR in item (19b) for data channel			10%			-			10%			-			10%			-			10%			-			10%			-			10%			-


			Spectral efficiency (bit/s/Hz)			3.386E-03			-			3.386E-03			-			3.386E-03			-			0.00339			-			0.00339			-			0.00339			-


			Pathloss model (select from LoS or NLoS)			LOS			LOS			NLOS			NLOS			NLOS O-to-I			NLOS O-to-I			LOS			LOS			LOS			LOS			NLOS O-to-I			NLOS O-to-I


			UE speed (km/h)			3.00			3.00			3.00			3.00			3.00			3.00			3.00			3.00			3.00			3.00			3.00			3.00


			Feeder loss (dB)			3.00			3.00			3.00			3.00			3.00			3.00			3.00			3.00			3.00			3.00			3.00			3.00


			Transmitter


			(1) Number of transmit antennas. (The number shall be within the indicated range in  § 8.4 of Report ITU-R M.2412-0) 			16.00			16.00			16.00			16.00			16.00			16.00			1.00			1.00			1.00			1.00			1.00			1.00


			(1bis) Number of transmit antenna ports			2.00			2.00			2.00			2.00			2.00			2.00			1.00			1.00			1.00			1.00			1.00			1.00


			(2) Maximal transmit power per antenna (dBm)			22.00			22.00			22.00			22.00			22.00			22.00			23.00			23.00			23.00			23.00			23.00			23.00


			(3) Total transmit power = function of (1) and (2) (dBm) (The value shall not exceed the indicated value in § 8.4 of Report ITU-R M.2412-0) 			34.04			34.04			34.04			34.04			34.04			34.04			23.00			23.00			23.00			23.00			23.00			23.00


			(4) Transmitter antenna gain (dBi)			8.00			8.00			8.00			8.00			8.00			8.00			0.00			0.00			0.00			0.00			0.00			0.00


			(5) Transmitter array gain (depends on transmitter array configurations and technologies such as adaptive beam forming, CDD (cyclic delay diversity), etc.) (dB)			9.03			9.03			9.03			9.03			9.03			9.03			0.00			0.00			0.00			0.00			0.00			0.00


			(6) Control channel power boosting gain (dB)			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00


			(7) Data channel power loss due to pilot/control boosting (dB)			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00


			(8) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for downlink)			3.00			3.00			3.00			3.00			3.00			3.00			0.00			0.00			0.00			0.00			0.00			0.00


			(9a) Control channel EIRP = (3) + (4) + (5) + (6) – (8) dBm			48.07			48.07			48.07			48.07			48.07			48.07			23.00			23.00			23.00			23.00			23.00			23.00


			(9b) Data channel EIRP = (3) + (4) + (5) – (7) – (8)  dBm			48.07			48.07			48.07			48.07			48.07			48.07			23.00			23.00			23.00			23.00			23.00			23.00


			Receiver


			(10) Number of receive antennas (The number shall be within the indicated range in § 8.4 of Report ITU-R M.2412-0)			1.00			1.00			1.00			1.00			1.00			1.00			16.00			16.00			16.00			16.00			16.00			16.00


			(10bis) Number of receive antenna ports			1.00			1.00			1.00			1.00			1.00			1.00			2.00			2.00			2.00			2.00			2.00			2.00


			(11) Receiver antenna gain (dBi)			0.00			0.00			0.00			0.00			0.00			0.00			8.00			8.00			8.00			8.00			8.00			8.00


			(11bis) Receiver array gain (depends on receive array configurations and technologies such as adaptive beam forming, etc.) (dB)			0.00			0.00			0.00			0.00			0.00			0.00			9.03			9.03			9.03			9.03			9.03			9.03


			(12) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for uplink)			0.00			0.00			0.00			0.00			0.00			0.00			3.00			3.00			3.00			3.00			3.00			3.00


			(13) Receiver noise figure (dB)			7.00			7.00			7.00			7.00			7.00			7.00			5.00			5.00			5.00			5.00			5.00			5.00


			(14) Thermal noise density (dBm/Hz)			-174.00			-174.00			-174.00			-174.00			-174.00			-174.00			-174.00			-174.00			-174.00			-174.00			-174.00			-174.00


			(15a) Receiver interference density for control channel (dBm/Hz)			-			-177.00			-			-177.00			-			-177.00			-			-177.00			-			-177.00			-			-177.00


			(15b) Receiver interference density for data channel (dBm/Hz) 			-177.00			-			-177.00			-			-177.00			-			-177.00			-			-177.00			-			-177.00			-


			(16a) Total noise plus interference density for control channel        = 10 log (10^(((13) + (14))/10) + 10^((15a)/10))  dBm/Hz  			-			-166.59			-			-166.59			-			-166.59			-			-168.36			-			-168.36			-			-168.36


			(16b) Total noise plus interference density for data channel        = 10 log (10^(((13) + (14))/10) + 10^((15b)/10))  dBm/Hz  			-166.59			-			-166.59			-			-166.59			-			-168.36			-			-168.36			-			-168.36			-


			(17a) Occupied channel bandwidth for control channel (for meeting the requirements of the traffic type) (Hz)			-			625000.00			-			625000.00			-			625000.00			-			625000.00			-			625000.00			-			625000.00


			(17b) Occupied channel bandwidth for data channel (for meeting the requirements of the traffic type) (Hz)			625000.00			-			625000.00			-			625000.00			-			625000.00			-			625000.00			-			625000.00			-


			(18a) Effective noise power for control channel = (16a) + 10 log((17a)) dBm			-			-108.63			-			-108.63			-			-108.63			-			-110.40			-			-110.40			-			-110.40


			(18b) Effective noise power for data channel = (16b) + 10 log((17b)) dBm			-108.63			-			-108.63			-			-108.63			-			-110.40			-			-110.40			-			-110.40			-


			(19a) Required SNR for the control channel (dB) 			-			-11.20			-			-9.20			-			-9.20			-			-11.80			-			-11.70			-			-11.70


			(19b) Required SNR for the data channel (dB) 			-12.50			-			-10.50			-			-10.50			-			-12.60			-			-12.70			-			-12.70			-


			(20) Receiver implementation margin (dB)			2.00			2.00			2.00			2.00			2.00			2.00			2.00			2.00			2.00			2.00			2.00			2.00


			(21a) H-ARQ gain for control channel (dB)			-			0.00			-			0.00			-			0.00			-			0.00			-			0.00			-			0.00


			(21b) H-ARQ gain for data channel (dB)			0.00			-			0.00			-			0.00			-			0.00			-			0.00			-			0.00			-


			(22a) Receiver sensitivity for control channel         = (18a) + (19a) + (20) – (21a)  dBm			-			-117.83			-			-115.83			-			-115.83			-			-120.20			-			-120.10			-			-120.10


			(22b) Receiver sensitivity for data channel          = (18b) + (19b) + (20) – (21b)  dBm			-119.13			-			-117.13			-			-117.13			-			-121.00			-			-121.10			-			-121.10			-


			(23a) Hardware link budget for control channel          = (9a) + (11) + (11bis) − (22a)   dB			-			165.90			-			163.90			-			163.90			-			160.23			-			160.13			-			160.13


			(23b) Hardware link budget for data channel           = (9b) + (11) + (11bis) − (22b)  dB			167.20			-			165.20			-			165.20			-			161.03			-			161.13			-			161.13			-


			Calculation of available pathloss


			(24) Lognormal shadow fading std deviation (dB)			4.00			4.00			6.00			6.00			6.00			6.00			4.00			4.00			6.00			6.00			6.00			6.00


			(25a) Shadow fading margin for control channel (function of the cell area reliability and (24)) (dB)			-			6.30			-			10.26			-			12.22			-			6.30			-			10.26			-			12.22


			(25b) Shadow fading margin for data channel (function of the cell area reliability and (24)) (dB) 			6.30			-			10.26			-			12.22			-			6.30			-			10.26			-			12.22			-


			(26) BS selection/macro-diversity gain (dB)			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00


			(27) Penetration margin (dB)			0.00			0.00			0.00			0.00			26.25			26.25			0.00			0.00			0.00			0.00			26.25			26.25


			(28) Other gains (dB) (if any please specify)			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00


			(29a) Available path loss for control channel          = (23a) – (25a) + (26) – (27) + (28) – (12)   dB			s			159.60			-			153.64			-			125.43			-			150.93			-			146.87			-			118.66


			(29b) Available path loss for data channel           = (23b) – (25b) + (26) – (27) + (28) – (12)   dB			160.90			-			154.94			-			126.73			-			151.73			-			147.87			-			119.66			-


			Range/coverage efficiency calculation





			(30a) Maximum range for control channel (based on (29a) and according to the system configuration section of the link budget) (m)			-			19669.49			-			4607.74			-			874.18			-			11943.67			-			3092.94			-			586.55


			(30b) Maximum range for data channel (based on (29b) and according to the system configuration section of the link budget) (m)			21197.91			-			4974.49			-			943.81			-			12506.56			-			3280.63			-			622.19			-


			(31a) Coverage Area for control channel = (π (30a)2) (m2/site)			-			1215446862.65			-			66699912.23			-			2400786.17			-			448151907.99			-			30053433.50			-			1080819.68


			(31b) Coverage Area for data channel = (π (30b)2) (m2/site)			1411679353.92			-			77740296.26			-			2798448.85			-			s			-			33811589.96			-			1216184.41			-














UMa-URLLC (4GHz)





			Item			UL						DL						UL						DL


						UL-TCH (NLOS)			UL-CCH (NLOS)			DL-TCH (NLOS)			DL-CCH (NLOS)			UL-TCH(NLOS O-to-I)			UL-CCH (NLOS O-to-I)			DL-TCH (NLOS O-to-I)			DL-CCH(NLOS O-to-I)


			System configuration


			Carrier frequency (GHz)			4.00			4.00			4.00			4.00			4.00			4.00			4.00			4.00


			BS antenna heights (m)			25.00			25.00			25.00			25.00			25.00			25.00			25.00			25.00


			UT antenna heights (m)			1.50			1.50			1.50			1.50			1.50			1.50			1.50			1.50


			Cell area reliability for control channel  (%) (Please specify how it is calculated.)			-			95%			-			95%			-			95%			-			95%


			Cell area reliability for data channel (%) (Please specify how it is calculated.)			90%			-			90%			-			90%			-			90%			-


			Transmission bit rate for control channel (bit/s)			-						-						-						-


			Transmission bit rate for data channel (bit/s)			256000.00			-			256000.00			-			256000.00			-			256000.00			-


			Target packet error rate for the required SNR in item (19a) for control channel			-			0.001%			-			0.001%			-			0.001%			-			0.001%


			Target packet error rate for the required SNR in item (19b) for data channel			0.001%			-			0.001%			-			0.001%			-			0.001%			-


			Spectral efficiency (bit/s/Hz)			0.01			-			0.01			-			0.01			-			0.01			-


			Pathloss model (select from LoS or NLoS)			NLOS			NLOS			NLOS			NLOS			NLOS O-to-I			NLOS O-to-I			NLOS O-to-I			NLOS O-to-I


			UE speed (km/h)			30.00			30.00			30.00			30.00			3.00			3.00			3.00			3.00


			Feeder loss (dB)			3.00			3.00			3.00			3.00			3.00			3.00			3.00			3.00


			Transmitter


			(1) Number of transmit antennas. (The number shall be within the indicated range in  § 8.4 of Report ITU-R M.2412-0)			2.00			2.00			64.00			64.00			2.00			2.00			64.00			64.00


			(1bis) Number of transmit antenna ports			2.00			2.00			8.00			8.00			2.00			2.00			8.00			8.00


			(2) Maximal transmit power per antenna (dBm)			20.00			20.00			31.00			31.00			20.00			20.00			31.00			31.00


			(3) Total transmit power = function of (1) and (2) (dBm) (The value shall not exceed the indicated value in § 8.4 of Report ITU-R M.2412-0)			23.01			23.01			49.06			49.06			23.01			23.01			49.06			49.06


			(4) Transmitter antenna gain (dBi)			0.00			0.00			8.00			8.00			0.00			0.00			8.00			8.00


			(5) Transmitter array gain (depends on transmitter array configurations and technologies such as adaptive beam forming, CDD (cyclic delay diversity), etc.) (dB)			0.00			0.00			9.03			9.03			0.00			0.00			9.03			9.03


			(6) Control channel power boosting gain (dB)			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00


			(7) Data channel power loss due to pilot/control boosting (dB)			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00


			(8) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for downlink)			1.00			1.00			3.00			3.00			1.00			1.00			3.00			3.00


			(9a) Control channel EIRP = (3) + (4) + (5) + (6) – (8) dBm			22.01			22.01			63.09			63.09			22.01			22.01			63.09			63.09


			(9b) Data channel EIRP = (3) + (4) + (5) – (7) – (8)  dBm			22.01			22.01			63.09			63.09			22.01			22.01			63.09			63.09


			Receiver


			(10) Number of receive antennas (The number shall be within the indicated range in § 8.4 of Report ITU-R M.2412-0)			64.00			64.00			2.00			2.00			64.00			64.00			2.00			2.00


			(10bis) Number of  receive antenna ports			8.00			8.00			2.00			2.00			8.00			8.00			2.00			2.00


			(11) Receiver antenna gain (dBi)			8.00			8.00			0.00			0.00			8.00			8.00			0.00			0.00


			(11bis) Receiver array gain (depends on receive array configurations and technologies such as adaptive beam forming, etc.) (dB)			9.03			9.03			0.00			0.00			9.03			9.03			0.00			0.00


			(12) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for uplink)			3.00			3.00			1.00			1.00			3.00			3.00			1.00			1.00


			(13) Receiver noise figure (dB)			5.00			5.00			7.00			7.00			5.00			5.00			7.00			7.00


			(14) Thermal noise density (dBm/Hz)			-174.00			-174.00			-174.00			-174.00			-174.00			-174.00			-174.00			-174.00


			(15a) Receiver interference density for control channel (dBm/Hz) 			-			-161.70			-			-169.30			-			-161.70			-			-169.30


			(15b) Receiver interference density for data channel (dBm/Hz) 			-165.70			-			-169.30			-			-165.70			-			-169.30			-


			(16a) Total noise plus interference density for control channel        = 10 log (10^(((13) + (14))/10) + 10^((15a)/10))  dBm/Hz 			-			-160.96			-			-164.99			-			-160.96			-			-164.99


			(16b) Total noise plus interference density for data channel        = 10 log (10^(((13) + (14))/10) + 10^((15b)/10))  dBm/Hz  			-164.03			-			-164.99			-			-164.03			-			-164.99			-


			(17a) Occupied channel bandwidth for control channel (for meeting the requirements of the traffic type) (Hz)			-			17968750.00			-			17968750.00			-			17968750.00			-			17968750.00


			(17b) Occupied channel bandwidth for data channel (for meeting the requirements of the traffic type) (Hz)			17968750.00			-			17968750.00			-			17968750.00			-			17968750.00			-


			(18a) Effective noise power for control channel = (16a) + 10 log((17a)) dBm			-			-88.41			-			-92.44			-			-88.41			-			-92.44


			(18b) Effective noise power for data channel = (16b) + 10 log((17b)) dBm			-91.49			-			-92.44			-			-91.49			-			-92.44			-


			(19a) Required SNR for the control channel (dB) 			-			-15.30			-			-9.30			-			-15.10			-			-9.10


			(19b) Required SNR for the data channel (dB) 			-14.70			-			-8.70			-			-14.50			-			-8.50			-


			(20) Receiver implementation margin (dB)			2.00			2.00			2.00			2.00			2.00			2.00			2.00			2.00


			(21a) H-ARQ gain for control channel (dB)			-			0.00			-			0.00			-			0.00			-			0.00


			(21b) H-ARQ gain for data channel (dB)			0.00			-			0.00			-			0.00			-			0.00			-


			(22a) Receiver sensitivity for control channel         = (18a) + (19a) + (20) – (21a)  dBm			-			-101.71			-			-99.74			-			-101.51			-			-99.54


			(22b) Receiver sensitivity for data channel          = (18b) + (19b) + (20) – (21b)  dBm			-104.19			-			-99.14			-			-103.99			-			-98.94			-


			(23a) Hardware link budget for control channel          = (9a) + (11) + (11bis) − (22a)   dB			-			140.75			-			162.84			-			140.55			-			162.64


			(23b) Hardware link budget for data channel           = (9b) + (11) + (11bis) − (22b)  dB			143.23			-			162.24			-			143.03			-			162.04			-


			Calculation of available pathloss


			(24) Lognormal shadow fading std deviation (dB)			6.00			6.00			6.00			6.00			6.00			6.00			6.00			6.00


			Penetration Loss std deviation (dB)


			(25a) Shadow fading margin for control channel (function of the cell area reliability and (24)) (dB)			-			8.11			-			8.11			-			7.00			-			7.00


			(25b) Shadow fading margin for data channel (function of the cell area reliability and (24)) (dB) 			4.89			-			4.89			-			4.08			-			4.08			-


			(26) BS selection/macro-diversity gain (dB)			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00


			(27) Penetration margin (dB)			9.00			9.00			9.00			9.00			26.25			26.25			26.25			26.25


			(28) Other gains (dB) (if any please specify)			0.00			0.00			0.00			0.00			0.00			0.00			0.00			0.00


			(29a) Available path loss for control channel          = (23a) – (25a) + (26) – (27) + (28) – (12)   dB			-			120.64			-			144.73			-			104.30			-			128.39


			(29b) Available path loss for data channel           = (23b) – (25b) + (26) – (27) + (28) – (12)   dB			126.34			-			147.35			-			109.70			-			130.71			-


			Range/coverage efficiency calculation


			(30a) Maximum range for control channel (based on (29a) and according to the system configuration section of the link budget) (m)			-			270.40			-			1117.23			-			103.27			-			426.67


			(30b) Maximum range for data channel (based on (29b) and according to the system configuration section of the link budget) (m)			378.20			-			1303.68			-			141.90			-			489.16			-


			(31a) Coverage Area for control channel = (π (30a)2) (m2/site)			-			2.30E+05			-			3.92E+06			-			3.35E+04			-			5.72E+05


			(31b) Coverage Area for data channel = (π (30b)2) (m2/site)			4.49E+05			-			5.34E+06			-			6.33E+04			-			7.52E+05			-
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Foreword


This Technical Report has been produced by NUFRONT.


The contents of the present document are subject to continuing work and may change. It will be re-released by NUFRONT with an identifying change of release date and an increase in version number.
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This document presents the self-evaluation of EUHT according to the IMT-2020 minimum requirements of the eMBB, mMTC and URLLC usage scenarios. 
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The following documents contain provisions which, through reference in this text, constitute provisions of the present document.


[1] ITU-R M.2412-0: "Guidelines for evaluation of radio interface technologies for IMT-2020".


[2] ITU-R M.2410-0: "Minimum requirements related to technical performance for IMT-2020 radio interface(s)".


[3] ITU-R M.2411-0: "Requirements, evaluation criteria and submission templates for the development of IMT-2020"


[4] RT-180010: "Summary of email discussion [ITU-R AH 01] Calibration for self-evaluation"


[5] NUFRONT: "characteristics template for EUHT RIT"








[bookmark: _Toc19615][bookmark: _Toc516617870][bookmark: _Toc12647436]3  Abbreviations


CAP	Central access point


CDF	Cumulative distribution function


eMBB	Enhanced Mobile Broadband


EUHT 	Enhanced Ultra High Throughput


ISD	Inter-site distance


LMLC	Low mobility large cell


LDPC	Low dense parity code


mMTC	Massive machine type communications


PDU	Protocol data unit


RIT	Radio interface technology


SE	Spectral efficiency


SRIT	Set of radio interface technologies


STA	Station


TRxP	Transmission reception point


URLLC	Ultra-reliable and low latency communications








[bookmark: _Toc516617874][bookmark: _Toc32520][bookmark: _Toc12647437]4  Introduction


ITU-R has set the requirements for the technical performance of IMT-2020 radio interface(s).  To qualify to be designated as an IMT-2020 technology, a candidate RAT must meet a set of minimum performance requirements over a set of usage scenarios and test environments. The usage scenarios and test environments are specified in [1] while the minimum performance requirements are specified in [2]. 


This document summarizes the self-evaluation results of EUHT RIT for the eMBB, mMTC and URLLC usage scenarios.


The EUHT RIT developed by NUFRONT supports both Sub-6GHz bands (from 450MHz to 6000MHz) and mmWave bands (e.g. above 24GHz).





[bookmark: _Toc516617875][bookmark: _Toc18276][bookmark: _Toc12647438]5  Self evaluation of eMBB technical performance


[bookmark: _Toc516617876][bookmark: _Toc24068][bookmark: _Toc12647439]5.1 Peak spectral efficiency


As defined in Report ITU-R M.2410, Peak spectral efficiency is the maximum data rate under ideal conditions normalized by channel bandwidth (in bit/s/Hz), where the maximum data rate is the received data bits assuming error-free conditions assignable to a single CAP, when all assignable radio resources for the corresponding link direction are utilized (i.e. excluding radio resources that are used for physical layer synchronization, reference signals or pilots, guard bands and guard times). 


This requirement is defined for the purpose of evaluation in the eMBB usage scenario.


The minimum requirements for peak spectral efficiencies are as follows:


- Downlink peak spectral efficiency is 30 bit/s/Hz.


- Uplink peak spectral efficiency is 15 bit/s/Hz.


The generic formula for peak spectral efficiency for a specific component carrier (say i-th CC) is given by





                                  (5.1-1)


wherein	


· Rmax  is the maximum code rate of LDPC


· For the i-th CC,


· 


 is the maximum number of layers 


· 


 is the maximum modulation order


· 


is the Frame length 


· 





 is the duration of Downlink/Uplink in a frame (type)


· 











 is the number of subcarriers allocation in bandwidth  with Frame length, where  is the STA supported maximum bandwidth in the given band or band combination


· 


is the overhead  calculated as the average ratio of the number of OFDMs or subcarriers occupied by L1/L2 control, synchronization signal, sounding signal, demodulation reference signal and guard period , etc. 


For guard period (GP), 50% of GP symbols are considered as downlink overhead, and 50% of GP symbols are considered as uplink overhead.


[bookmark: _Toc12647440]5.1.1  DL peak spectral efficiency


DL peak spectral efficiency for both Sub-6GHz bands (450 MHz ~ 6000 MHz) and millimetre Wave (mmWave, above 24.25 GHz) are evaluated





A range of configurations are considered in the evaluation of downlink peak spectral efficiency. The evaluated configurations assume 8-layer downlink transmission for Sub-6GHz bands and 6-layer downlink transmission for mmWave bands, with 256QAM/1024QAM modulation, and a maximum coding rate of 0.875. The ratio of DL to whole link () configurations are evaluated. The difference among the evaluated configurations lays in the overhead of control and reference signals, etc. The detailed assumptions are provided in Annex B.1.1.1.





The evaluation results for Sub-6GHz bands and mmWave bands with =0.5 are provided in Table 5.1.1-1, Table 5.1.1-2. 





Table 5.1.1-1 EUHT DL peak spectral efficiency for Sub-6GHz bands (bit/s/Hz), =0.5


			Frame length ρ (ms)


			1


			2


			4


			Req.





			256QAM


			33.5 


			38.4 


			40.9 


			30





			1024QAM


			41.8 


			48.1 


			51.2 


			30














Table 5.1.1-2 EUHT DL peak spectral efficiency for mmWave bands (bit/s/Hz), =0.5


			Frame length ρ (ms)


			10


			20


			30


			Req.





			256QAM


			31.71


			33.53


			34.13


			30





			1024QAM


			39.64


			41.91


			42.67


			30














The evaluation results for Sub-6GHz bands and mmWave bands with =0.8 are provided in Table 5.1.1-3, Table 5.1.1-4. 





Table 5.1.1-3 EUHT DL peak spectral efficiency for Sub-6GHz bands (bit/s/Hz), =0.8


			Frame length ρ (ms)


			1


			2


			4


			Req.





			256QAM


			37.3 


			40.4 


			41.9 


			30





			1024QAM


			46.6 


			50.5 


			52.4 


			30














Table 5.1.1-4 EUHT DL peak spectral efficiency for mmWave bands (bit/s/Hz), =0.8


			Frame length ρ (ms)


			10


			20


			30


			Req.





			256QAM


			33.08


			34.22


			34.60


			30





			1024QAM


			41.35


			42.77


			43.25


			30











Based on the above analysis, EUHT fulfills DL peak spectral efficiency requirement with a range of configurations.


[bookmark: _Toc10263][bookmark: _Toc12647441]5.1.2  UL peak spectral efficiency


UL peak spectral efficiency for both Sub-6GHz bands and mmWave bands are evaluated.





A range of configurations are considered in the evaluation of uplink peak spectral efficiency. The evaluated configurations assume 8-layer uplink transmission for Sub-6GHz bands and 4-layer uplink transmission for mmWave bands, with 256QAM/1024QAM modulation, and a maximum coding rate of 0.875. The ratio of UL to whole link () configurations are evaluated. The detailed assumptions are provided in Annex B.1.1.2.





The evaluation results for Sub-6GHz bands and mmWave bands with =0.2 are provided in Table 5.1.2-1 and Table 5.1.2-2. 





Table 5.1.2-1 EUHT UL peak spectral efficiency for Sub-6GHz bands (bit/s/Hz), =0.2


			Frame length ρ (ms)


			1


			2


			4


			Req.





			256QAM


			30.5 


			36.5 


			39.8 


			15





			1024QAM


			38.1 


			45.6 


			49.7 


			15














Table 5.1.2-2 EUHT UL peak spectral efficiency for mmWave bands (bit/s/Hz), =0.2


			Frame length ρ (ms)


			10


			20


			30


			Req.





			256QAM


			17.49


			20.50


			21.50


			15





			1024QAM


			21.87


			25.63


			26.88


			15














The evaluation results for Sub-6GHz bands and mmWave bands with =0.5 are provided in Table 5.1.2-3 and Table 5.1.2-4. 





Table 5.1.2-3 EUHT UL peak spectral efficiency for Sub-6GHz bands (bit/s/Hz), =0.5


			Frame length ρ (ms)


			1


			2


			4


			Req.





			256QAM


			38.3 


			40.8 


			42.1 


			15





			1024QAM


			47.9 


			51.0 


			52.6 


			15














Table 5.1.2-4 EUHT UL peak spectral efficiency for mmWave bands (bit/s/Hz), =0.5


			Frame length ρ (ms)


			10


			20


			30


			Req.





			256QAM


			21.14


			 22.34


			22.75


			15





			1024QAM


			26.43


			27.93


			28.43


			15











Based on the above analysis, EUHT fulfills UL peak spectral efficiency requirement with a range of configurations.


[bookmark: _Toc17671][bookmark: _Toc516617877][bookmark: _Toc12647442]5.2  Peak data rate


As defined in Report ITU-R M.2410, peak data rate is the maximum achievable data rate under ideal conditions (in bit/s), which is the received data bits assuming error-free conditions assignable to a single CAP, when all assignable radio resources for the corresponding link direction are utilized (i.e. excluding radio resources that are used for physical layer synchronization, reference signals or pilots, guard bands and guard times).


For a single CAP, let W denote the channel bandwidth and SEp denote the peak spectral efficiency in that band. Then the user peak data rate Rp is given by:








In case bandwidth is aggregated across multiple bands, the peak data rate will be summed over the bands. Therefore the total peak data rate is:





                                    (5.2-1)














where and  (i = 1,…, Q) are the effective bandwidth and spectral efficiencies on component carrier i, respectively,is the normalized scalar on component carrier i considering the downlink/uplink ratio on that component carrier, is the carrier bandwidth of component i.


This requirement is defined for the purpose of evaluation in the eMBB usage scenario.


The minimum requirements for peak data rate are as follows:


- Downlink peak data rate is 20 Gbit/s.


- Uplink peak data rate is 10 Gbit/s.
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A range of configurations are considered in the evaluation of downlink peak data rate. 


DL peak data rate for EUHT is evaluated based on the evaluation results of EUHT peak spectral efficiency provided in Section 5.1.1. Table 5.2.1-1 and Table 5.2.1-2 provides the evaluation results for the specific component carrier (CC) bandwidth. It is observed that EUHT fulfills the DL peak data rate requirement.


Table 5.2.1-1 EUHT DL peak data ratefor Sub-6GHz bands


			





			Per CC BW (MHz)1


			Peak data rate per CC (Gbit/s)


			Aggregated peak data rate over 16 CCs (Gbit/s)


			Required DL bandwidth to meet the requirement (MHz)2


			Req.


(Gbit/s)





			0.5


			80


			2.05


			32.77


			781


			20





			


			100


			2.56


			40.96


			781


			





			0.8


			80


			3.35


			52.66


			477


			





			


			100


			4.19


			67.07


			477


			





			NOTE 1: sub-carrier spacing is 78.125kHz 


NOTE 2: The value only indicates the required bandwidth to meet the DL peak data rate. It is not necessarily supported as EUHT Transmission bandwidth.











Table 5.2.1-2 EUHT DL peak data rate for mmWave bands


			





			Per CC BW (MHz)


			Peak data rate per CC (Gbit/s)1


			Aggregated peak data rate over 16 CCs (Gbit/s)1


			Required DL bandwidth to meet the requirement (GHz)2


			Req.


(Gbit/s)





			0.5


			400


			6.82


			109.24


			1.173


			20





			0.8


			400


			11.07


			177.15


			0.722


			





			NOTE 1: 256QAM is assumed.


NOTE 2: The value only indicates the required bandwidth to meet the DL peak data rate. It is not necessarily supported as EUHT Transmission bandwidth.











[bookmark: _Toc29934][bookmark: _Toc12647444]5.2.2  UL peak data rate


A range of configurations are considered in the evaluation of uplink peak data rate. 


UL peak data rate for EUHT is evaluated based on the evaluation results of EUHT peak spectral efficiency provided in Section 5.1.2.Table 5.2.2-1 and Table 5.2.2-2 provides the evaluation results for the specific component carrier (CC) bandwidth. It is observed that EUHT fulfills the UL peak data rate requirement.


[bookmark: _Ref506286183]Table 5.2.2-1 EUHT UL peak data rate for Sub-6GHz bands


			





			Per CC BW (MHz)


			Peak data rate per CC (Gbit/s)


			Aggregated peak data rate over 16 CCs (Gbit/s)


			Required UL bandwidth to meet the requirement (MHz)1


			Req.


(Gbit/s)





			0.2


			80


			0.80


			12.72


			1006


			


10








			


			100


			0.99


			15.91


			1006


			





			0.5


			80


			2.10


			33.66


			380


			





			


			100


			2.63


			42.08


			380


			





			NOTE 1: The value only indicates the required bandwidth to meet the UL peak data rate. It is not necessarily supported as EUHT Transmission bandwidth.











Table 5.2.2-2 EUHT UL peak data rate for mmWave bands


			





			Per CC BW (MHz)


			Peak data rate per CC (Gbit/s)1


			Aggregated peak data rate over 16 CCs (Gbit/s)1


			Required UL bandwidth to meet the requirement (GHz)2


			Req.


(Gbit/s)





			0.2


			400


			1.72


			27.53


			2.325


			10





			0.5


			400


			4.55


			72.80


			0.879


			





			NOTE 1: 256QAM is assumed.


NOTE 2: The value only indicates the required bandwidth to meet the UL peak data rate. It is not necessarily supported as EUHT Transmission bandwidth.
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As defined in Report ITU-R M.2410, the 5th percentile user spectral efficiency is the 5% point of the CDF of the normalized user throughput. The normalized user throughput is defined as the number of correctly received bits, i.e. the number of bits contained in the SDUs delivered to Layer 3, over a certain period of time, divided by the channel bandwidth and is measured in bit/s/Hz. 


[bookmark: _Toc516617879]As required by Report ITU-R M.2412, 5thpercentile user spectral efficiency shall be assessed jointly with average spectral efficiency using the same simulation. Therefore, the evaluation results of the 5th percentile user spectral efficiency are provided together with average spectral efficiency in Section 5.4.


[bookmark: _Toc20094][bookmark: _Toc12647446]5.4  Average spectral efficiency


As defined in Report ITU-R M.2410, average spectral efficiency is the aggregate throughput of all users (the number of correctly received bits, i.e. the number of bits contained in the SDUs delivered to Layer 3, over a certain period of time) divided by the channel bandwidth of a specific band divided by the number of TRxPs and is measured in bit/s/Hz/TRxP.


As required by Report ITU-R M.2412, average spectral efficiency and 5th percentile user spectral efficiency are assessed jointly using the same simulation.


Average spectral efficiency and 5th percentile user spectral efficiency are evaluated for EUHT. A wide range of antenna configurations and transmission schemes are considered. Detailed evaluation assumptions and results can be found in Annex B.2.1.


The antenna configuration is indicated as (M,N,P,Mg,Ng; Mp,Np), where M and N are the number of vertical, horizontal antenna elements within a panel, P is number of polarizations,Mg is the number of panels in a column, Ng is the number of panels in row; and Mp and Np are the number of vertical, horizontal TXRUs within a panel and polarization.


[bookmark: _Toc3437][bookmark: _Toc12647447]5.4.1  Indoor Hotspot – eMBB


[bookmark: _Toc1149]Evaluation configuration A (carrier frequency = 4 GHz) is applied for the evaluations of Indoor Hotspot – eMBB test environment for EUHT.


[bookmark: _Toc12647448]5.4.1.1  Evaluation configuration A


The evaluation results of DL spectral efficiency for EUHT for evaluation configuration A are provided in Table 5.4.1.1-1. It is observed that EUHT fulfills the DL spectral efficiency requirement for these configurations in evaluation configuration A.


Table 5.4.1.1-1 DL spectral efficiency for EUHT in Indoor Hotspot – eMBB
(Evaluation configuration A, CF=4 GHz)


			Scheme and antenna configuration


			Sub-carrier spacing (kHz)


			Frame structure


			ITU


Requirement


			Channel model A





			


			


			


			


			BW=20MHz





			8x8 adaptive SU/MU -MIMO


			78.125


			DL:UL=2:1


			Average [bit/s/Hz/TRxP]


			9


			10.12





			


			


			


			5th-tile [bit/s/Hz]


			0.3


			0.40











The evaluation results of UL spectral efficiency for EUHT for evaluation configuration A are provided in Table 5.4.1.1-2. It is observed that EUHT fulfills the UL spectral efficiency requirement for these configurations in evaluation configuration A.


Table 5.4.1.1-2 UL spectral efficiency for EUHT in Indoor Hotspot – eMBB
(Evaluation configuration A, CF=4 GHz)


			Scheme and antenna configuration


			Sub-carrier spacing (kHz)


			Frame structure


			ITU


Requirement


			Channel model A





			


			


			


			


			BW=20MHz





			8x8 adaptive SU/MU -MIMO


			78.125


			DL:UL=2:1


			Average [bit/s/Hz/TRxP]


			6.75


			8.81





			


			


			


			5th-tile [bit/s/Hz]


			0.21


			0.37











[bookmark: _Toc12647449]5.4.2  Dense Urban – eMBB


[bookmark: _Toc29537]Evaluation configuration A (carrier frequency = 4 GHz) is applied for the evaluations of Dense Urban – eMBB test environment for EUHT.


[bookmark: _Toc12647450]5.4.2.1  Evaluation configuration A


The evaluation results of DL spectral efficiency for EUHT for evaluation configuration A are provided in Table 5.4.2.1-1. It is observed that EUHT fulfills the DL spectral efficiency requirement for these configurations in evaluation configuration A.


Table 5.4.2.1-1 DL spectral efficiency for EUHT in Dense Urban – eMBB
(Evaluation configuration A, CF=4 GHz)


			Scheme and antenna configuration


			Sub-carrier spacing (kHz)


			Frame structure


			ITU


Requirement


			Channel model A





			


			


			


			


			BW=20MHz





			8x8 adaptive SU/MU -MIMO


			78.125


			DL:UL=2:1


			Average [bit/s/Hz/TRxP]


			7.8


			9.45





			


			


			


			5th-tile [bit/s/Hz]


			0.225


			0.55











The evaluation results of UL spectral efficiency for EUHT for evaluation configuration A are provided in Table 5.4.2.1-2. It is observed that EUHT fulfills the UL spectral efficiency requirement for these configurations in evaluation configuration A.


Table 5.4.2.1-2 UL spectral efficiency for EUHT in Dense Urban – eMBB
(Evaluation configuration A, CF=4 GHz)


			Scheme and antenna configuration


			Sub-carrier spacing (kHz)


			Frame structure


			ITU


Requirement


			Channel model A





			


			


			


			


			BW=20MHz





			8x8 adaptive SU/MU -MIMO


			78.125


			DL:UL=2:1


			Average [bit/s/Hz/TRxP]


			5.4


			7.80





			


			


			


			5th-tile [bit/s/Hz]


			0.15


			0.34











[bookmark: _Toc12647451]5.4.3  Rural – eMBB


Evaluation configuration B (carrier frequency = 4 GHz), and evaluation configuration C (LMLC) are applied for the evaluations of Rural – eMBB test environment for EUHT. 


[bookmark: _Toc10029][bookmark: _Toc12647452]5.4.3.1  Evaluation configuration B


The evaluation results of DL spectral efficiency for EUHT for evaluation configuration B are provided in Table 5.4.3.1-1. It is observed that EUHT fulfills the DL spectral efficiency requirement for these configurations in evaluation configuration B.


Table 5.4.3.1-1 DL spectral efficiency for EUHT in Rural – eMBB
(Evaluation configuration B, CF=4 GHz)


			Scheme and antenna configuration


			Sub-carrier spacing (kHz)


			Frame structure


			ITU


Requirement


			Channel model A





			


			


			


			


			BW=20MHz





			8x8 adaptive SU/MU -MIMO


			78.125


			DL:UL=2:1


			Average [bit/s/Hz/TRxP]


			3.3


			8.28





			


			


			


			5th-tile [bit/s/Hz]


			0.12


			0.37











The evaluation results of UL spectral efficiency for EUHT for evaluation configuration B are provided in Table 5.4.3.1-2. It is observed that EUHT fulfills the UL spectral efficiency requirement for these configurations in evaluation configuration B.


Table 5.4.3.1-2 UL spectral efficiency for EUHT in Rural – eMBB
(Evaluation configuration B, CF=4 GHz)


			Scheme and antenna configuration


			Sub-carrier spacing (kHz)


			Frame structure


			ITU


Requirement


			Channel model A





			


			


			


			


			BW=20MHz





			8x8 adaptive SU/MU -MIMO


			78.125


			DL:UL=2:1


			Average [bit/s/Hz/TRxP]


			1.6


			4.22





			


			


			


			5th-tile [bit/s/Hz]


			0.045


			0.13











[bookmark: _Toc3975][bookmark: _Toc12647453]5.4.3.2  Evaluation configuration C (LMLC)


LMLC (Low mobility large cell) is characterized by the large inter-site distance (ISD=6000m) and the low mobility users in Rural – eMBB test environment.


The evaluation results of DL spectral efficiency for EUHT for evaluation configuration C are provided in Table 5.4.3.2-1. It is observed that EUHT fulfills the DL spectral efficiency requirement for these configurations in evaluation configuration C.


Table 5.4.3.2-1 DL spectral efficiency for EUHT in Rural – eMBB
(Evaluation configuration C, LMLC)


			Scheme and antenna configuration


			Sub-carrier spacing (kHz)


			Frame structure


			ITU


Requirement


			Channel model A





			


			


			


			


			BW=20MHz





			8x4 adaptive SU/MU -MIMO


			78.125


			DL:UL=2:1


			Average [bit/s/Hz/TRxP]


			3.3


			4.48





			


			


			


			5th-tile [bit/s/Hz]


			0.12


			0.19











The evaluation results of UL spectral efficiency for EUHT for evaluation configuration A are provided in Table 5.4.3.2-2.  It is observed that EUHT fulfills the UL spectral efficiency requirement for these configurations in evaluation configuration C.


Table 5.4.3.2-2 UL spectral efficiency for EUHT in Rural – eMBB
(Evaluation configuration C, LMLC)


			Scheme and antenna configuration


			Sub-carrier spacing (kHz)


			Frame structure


			ITU


Requirement


			Channel model A





			


			


			


			


			BW=20MHz





			4x8  adaptive SU/MU -MIMO


			78.125


			DL:UL=2:1


			Average [bit/s/Hz/TRxP]


			1.6


			4.38





			


			


			


			5th-tile [bit/s/Hz]


			0.045


			0.08











[bookmark: _Toc516617880][bookmark: _Toc29791][bookmark: _Toc12647454]5.5  User experienced data rate


As defined in Report ITU-R M.2410, user experienced data rate is the 5% point of the cumulative distribution function (CDF) of the user throughput. User throughput (during active time) is defined as the number of correctly received bits, i.e. the number of bits contained in the service data units (SDUs) delivered to Layer 3, over a certain period of time. 


The target values for the user experienced data rate are as follows in the Dense Urban – eMBB test environment:


- Downlink user experienced data rate is 100 Mbit/s


- Uplink user experienced data rate is 50 Mbit/s


[bookmark: _Toc524549072][bookmark: _Toc12647455]5.5.1  Evaluation configuration A


For evaluation configuration A (single-band case), user experienced data rate for EUHT is evaluated based on 5th percentile user spectral efficiency, using the analytical way as provided in Report ITU-R M.2412. 


The evaluation results of DL and UL user experienced data rate for EUHT for evaluation configuration A are provided in Table 5.5.1-1 and Table 5.5.1-2 respectively. 


Table 5.5.1-1 DL user experienced data rate for EUHT in Dense Urban – eMBB
(Evaluation configuration A, CF=4 GHz)


			Scheme and antenna configuration


			Sub-carrier spacing (kHz)


			Frame structure


			ITU


Requirement


[Mbps]


			Channel model A





			


			


			


			


			Assumed system bandwidth [MHz]


			User exp. data rate [Mbps]





			8x8 adaptive SU/MU -MIMO


			78.125


			DL:UL=2:1


			100


			300 


			110.0











Table 5.5.1-2 UL user experienced data rate for EUHT in Dense Urban – eMBB
(Evaluation configuration A, CF=4 GHz)


			Scheme and antenna configuration


			Sub-carrier spacing (kHz)


			Frame structure


			ITU


Requirement


[Mbps]


			Channel model A





			


			


			


			


			Assumed system bandwidth [MHz]


			User exp. data rate [Mbps]





			8x8 adaptive SU/MU -MIMO


			78.125


			DL:UL=2:1


			50


			600 


			68.0











It is observed that both DL and UL fulfills the user experienced data rate requirements in evaluation configuration A.


[bookmark: _Toc516617881][bookmark: _Toc6929][bookmark: _Toc12647456]5.6  Area traffic capacity


As defined in Report ITU-R M.2410, area traffic capacity is the total traffic throughput served per geographic area (in Mbit/s/m2).The throughput is the number of correctly received bits, i.e. the number of bits contained in the SDUs delivered to Layer 3, over a certain period of time.


This requirement is defined for the purpose of evaluation in the related eMBB test environment.


The target value for area traffic capacity in downlink is 10 Mbit/s/m2 in the Indoor Hotspot - eMBB test environment.


[bookmark: _Toc524549078][bookmark: _Toc12647457]5.6.1  Evaluation configuration A


The evaluation results of area traffic capacity for EUHT for evaluation configuration A with 3TRxP/site are provided in Table 5.6.1-1. 


Table 5.6.1-1 Area traffic capacity for EUHT in Indoor Hotspot – eMBB
(Evaluation configuration A, CF=4 GHz)


			Scheme and antenna configuration


			Sub-carrier spacing (kHz)


			Frame structure


			ITU


Req.


[Mbps/m2]


			Channel model A





			


			


			


			


			Assumed system bandwidth [MHz]


			Area traffic capacity [Mbps/m2]





			8x8 adaptive SU/MU -MIMO


			78.125


			DL:UL=2:1


			10


			300


			12.14











It is observed that area traffic capacity fulfills the requirement in evaluation configuration A.


[bookmark: _Toc516617882][bookmark: _Toc19558][bookmark: _Toc12647458]5.7  Latency


[bookmark: _Toc6398][bookmark: _Toc516617883][bookmark: _Toc12647459]5.7.1  User plane latency


As defined in Report ITU-R M.2410, user plane latency is the contribution of the radio network to the time from when the source sends a packet to when the destination receives it (in ms). 


The evaluation of EUHT user plane latency is based on the procedure illustrated in Figure 5.7.1-1.


[image: user planelatency - figure 5]


Figure 5.7.1-1 User plane procedure for evaluation


The detailed assumptions of each step are provided in Table 5.7.1.1-1 and Table 5.7.1.2-1 for downlink and uplink, respectively. 


The additional assumptions to derive the evaluation results of EUHT user plane latency are list as below.


· It is assumed that the packet arrives at any time of any OFDM symbol. In this case, the 0.5 symbol length is added as the “average symbol alignment time” at the beginning of the procedure. 


· The transmission of CCH, DL-TCH, UL-TCH cannot be across the frame. Otherwise the transmission will wait for the next frame.


· The frame length of 1/2/4 ms are evaluated. A schedule unit of 4/7/14 OFDM symbol and frame based scheduling is used. 


· Resource allocation is flexible according to requirements. 


[bookmark: _Toc24642][bookmark: _Toc12647460]5.7.1.1  Downlink


The downlink procedure is abstracted in Table 5.7.1.1-1, where the assumptions of each step for evaluation are given.


Table 5.7.1.1-1 DL user plane procedure for EUHT


			ID


			Component


			Notations


			Value





			1


			DL data transfer


			T1 = (tCAP,tx + tFA,DL) + tDL_duration + tSTA,rx


			





			1.1


			CAP processing delay


			tCAP,tx


The time interval between the data is arrived, and packet is generated.


			


Tproc,2 =1.5 os( Note 1)





			1.2


			DL Frame alignment (transmission alignment)


			tFA,DL


It includes frame alignment time, and the waiting time for next available DL Frame


			TFAis the frame alignment time within the current DL Frame and waiting time for next available DL Frame ;





			1.3


			Time for DL data packet transmission


			tDL_duratio


It includes the time between the DL period start and the DL data packet transmission complete.


			Variable length of (1~xxx


OFDM symbol length) depend on DL period configuration.





			1.4


			STA processing delay


			tSTA,rx


The time interval between the DL PDTCH is  received and the data is decoded;


			Tproc,1=1.5 os





			2


			I-ACK (Note 2) retransmission


			TI-ACK = T1 + T2


T2 = (tSTA,tx + tFA,UL)+ tUL_duration+ tCAP,rx (For Steps 2.1 to 2.4)


			





			2.1


			STA processing delay


			tSTA,tx


The time interval between the data is decoded, and I-ACK packet is generated.


			Tproc,1=1.5 os 





			2.2


			UL frame alignment (transmission alignment)


			tFA,UL


It includes frame alignment time, and the waiting time for the next available UL period


			TFA + Twait,


TFA is the frame alignment time within the current DL framet;


Twait is the waiting time for next available UL period





			2.3


			Time for I-ACK transmission


			tUL_duration





			2 OFDM symbol





			2.4


			CAP processing delay


			tCAP,rx


The time interval between the ACK is  received and the I-ACK is decoded.


			Tproc, 2=1.5 os (Note 1)





			2.5


			Repeat DL data transfer from 1.1 to 1.4


			T1


			





			-


			Total one way user plane latency for DL


			TUP= T1 + n×TI-ACK


where n is the number of re-transmissions (n≥0)





			Note:


1. The value is used for evaluation only; CAP processing delay may vary depending on implementation.


2. I-ACK: Instantaneous ACK.








Based on the DL user plane procedure and assumptions given in Table 5.7.1.1-1, a variety of configurations and STA capabilities are evaluated for EUHT.


For EUHT, the 1:1 DL/UL configurations are evaluated. The evaluation results of 1/2/4 ms are provided in Table5.7.1.1-2.


Table 5.7.1.1-2 DL user plane latency for EUHT (ms)


(Frame structure DL:UL=1:1, Frame length: 1/2/4 ms)


			DL user plane latency – EUHT


			STA





			


			Frame Length





			


			1 ms


			2 ms


			4 ms





			Resource scheduling unit


			M=4 (4OS)


			p=0


			0.6552


			1.1521


			2.1528





			


			


			p=0.1


			0.7661


			1.3486


			2.5589





			


			M=7 (7OS)


			p=0


			0.6984


			1.1953


			2.1960





			


			


			p=0.1


			0.8093


			1.4105


			2.5963





			


			M=14 (14OS)


			p=0


			0.7992


			1.2961


			2.2968





			


			


			p=0.1


			0.9101


			1.5171


			2.7216








[bookmark: _Toc9178][bookmark: _Toc12647461]5.7.1.2  Uplink


The uplink procedure using a grant free transmission is abstracted in Table 5.7.1.2-1, where the assumptions of each step for evaluation are given.


Table 5.7.1.2-1 UL user plane procedure for EUHT


			Step


			Component


			Notations


			Value





			1


			UL data transfer


			T1 = (tSTA,tx + tFA,UL)+ tUL_duration+ tCAP,rx


			





			1.1


			STA processing delay


			tSTA,tx


The time interval between the data is arrived, and packet is generated; 


			Tproc,2=1.5os





			1.2


			UL Frame alignment (transmission alignment)


			tFA,UL


It includes frame alignment time, and the waiting time for next available UL period.


			TFA


TFA is the frame alignment time within the current UL period, 





			1.3


			Time for UL data packet transmission


			tUL_duration


			Variable length of (1~140) OFDM symbol length)





			1.4


			CAP processing delay


			tCAP,rx


The time interval between the UL_TCH is  received and the data is decoded;


			Tproc,1 =1.5os





			2


			I-ACK retransmission


			TI-ACK = T2 + T1


T2 = (tCAP,tx + tFA,DL) + tDL_duration + tSTA,rx (For Steps 2.1 to 2.4)


			





			2.1


			CAP processing delay


			tCAP,tx


The time interval between the data is decoded, and CCH preparation


			Tproc,1 = 1.5os





			2.2


			DL Frame alignment (transmission alignment)


			tFA,DL


It includes frame alignment time, and the waiting time for next available DL period.


			TFA,DL


TFA,DL is the frame alignment time and the waiting time for next available DL period.





			2.3


			DL period for DL I-ACK transmission


			tDL_duration


			Including the DL period of DL I-ACK scheduling transmission.





			2.4


			STA processing delay


			tSTA,rx


The time interval between the I-ACK is received and decoded.


			Tproc,2=1.5os





			2.5


			Repeat UL data transfer from 1.1 to 1.4


			T1


			





			


			Total one way user plane latency for UL


			TUP= T1 + n×TI-ACK


where n is the number of re-transmissions (n≥0)





			Note:


1. The value is used for evaluation only; CAP processing delay may vary depending on implementation.


2.The grant free transmission is assumed to use the following start symbols:











Based on the UL user plane procedure and assumptions given in Table 5.7.1.2-1, a variety of configurations are evaluated for EUHT.


For EUHT, the 1:1 DL/UL configurations are evaluated. The evaluation results of 1/2/4 ms are provided in Table 5.7.1.2-2.


Table 5.7.1.2-2 UL user plane latency for EUHT with grant free transmission (ms)
(Frame structure DL:UL=1:1 , Frame length: 1/2/4 ms)


			UL user plane latency – EUHT


			STA





			


			Frame Length





			


			1 ms


			2 ms


			4 ms





			Resource scheduling unit


			M=4 (4OS)


			p=0


			0.5904


			1.0872


			2.0880





			


			


			p=0.1


			0.7042


			1.2996


			2.5013





			


			M=7 (7OS)


			p=0


			0.6336


			1.1304


			2.1312





			


			


			p=0.1


			0.7474  


			1.3428    


			2.5445





			


			M=14 (14OS)


			p=0


			0.7344


			1.2312


			2.2320





			


			


			p=0.1


			0.8482


			1.4436


			2.6453








[bookmark: _Toc516617884]It is observed that EUHT fulfills UL user plane latency requirement in a wide range of configurations.


[bookmark: _Toc29240][bookmark: _Toc12647462]5.7.2  Control plane latency


As defined in Report ITU-R M.2410, control plane latency refers to the transition time from Idle state to the start of continuous data transfer.


There are two modes for this procedure in EUHT, basic recovery mode and fast recovery mode. The former will guarantee the rate of uplink data transmission, and the later could reduce the latency of uplink date transmission.


[bookmark: _Toc516617885][bookmark: _Toc31431][bookmark: _Toc12647463]5.7.2.1  Basic recovery Mode


For EUHT, control plane latency is evaluated from MAC_INACTIVE state to MAC_CONNECTED state. It is noted that, for EUHT, when Connection is suspended, date transmission will resume is permitted by CAP. Figure 5.7.2.1-1 provides an example control plane flow for the above-mentioned MAC_INACTIVE to MAC_CONNECTED state transition for EUHT.








Figure 5.7.2.1-1 C-plane activation procedure (example for Uplink Secure Mode)


Table 5.7.2.1-1 Control plane latency of Basic Mode


			Step


			Description


			CP Latency for UL data transfer [ms]





			


			


			frame length is 1ms


			frame length is 2ms





			1


			Delay due to RaPn scheduling period 


			0


			0





			2


			Transmission of RaPn


			0.25


			1





			3


			Processing delay in CAP including RaPn detection and Timing Advance Calculation


			1


			2





			4


			Assign UL Source for Ra Request


			0.25


			0.5





			5


			STA Processing Delay of Constructing RaReq message


			0.5


			0.5





			6


			Transmission of Ra Request


			0.25


			0.5





			7


			Processing delay in CAP including analysis of Ra Request and Constructing Ra Response


			1


			1





			8


			Transmission of Ra Response


			0.25


			0.5





			9


			Processing delay in STA of Ra Response 


			0.5


			2





			10


			Delay due to SrPn scheduling period and Transmission of SrPn


			0


			0





			11


			Processing delay in CAP including Srpn detection


			1


			2





			12


			Assign UL Source for Sr Request


			0.25


			0.5





			13


			STA Processing Delay of Constructing SrReq message


			0.5


			1





			14


			Transmission of Sr Request


			0.25


			0.5





			15


			Processing delay in CAP including analysis of Sr Request and start schedule UL resource in the next frame


			0.5


			1





			 


			Total delay [ms]


			6.5


			13





			Note:


1. For step 2, when the STA received Bcf in the DL area of Nth frame, it will send RaPn at the end of this frame. The latency is 1/2 frame length.


2. For step 3 and step 4, the delay is 2.5ms. it is not really processing delay, but because of the Rach Channel is at the end of frame. When the CAP detects RaPn at the end of Nth frame, it will allocate the resource of Ra Request at the N+2 frame.


3. For step 6, in the UL area of N+2 frame, CAP will receive the Ra Request.


4. For step 7, after the CAP receive Ra Request, it can compose Ra Response immediately, that benefit of pre-schedule resource. CAP will send this message in the DL area of N+3 frame.


5. For step 8，STA will start receive downlink scheduling from CAP in the N+4 frame after receipt of Ra Response.


6. For step 10, if uplink data will be transmitted, STA send SrPn at SRCH in UL area of N+4 frame.


7. For step 11, step 12, step 13，step14, Similar RaPn, after reception of SrPn, CAP will allocate resource of SrReq in the CCH, that locates in the DL area of N+6 frame.


8. For step 15，CAP receives RaReq in the UL area of N+6 frame, then allocate the UL resource according to the bytes and actual ability.








[bookmark: _Toc516617886][bookmark: _Toc5786][bookmark: _Toc12647464]5.7.2.2  Fast recovery Mode


In this Mode, STA will report the ID of STA, bytes of data to CAP by the message of Ra Request. So the ending point of resume is step 9 in the figure 5.7.2.1-1, as follows:








Figure 5.7.2.2-1 C-plane activation procedure (example for Fast recovery Mode)





Table 5.7.2.2-1 Control plane latency of Fast recovery Mode


			Step


			Description


			CP Latency for UL data transfer[ms]





			


			


			frame length is 1ms


			frame length is 2ms





			1


			Delay due to RaPn scheduling period 


			0


			0





			2


			Transmission of RaPn


			0.25


			0.5





			3


			Processing delay in CAP including Preamble detection and Calculation Timing Advance;


			1


			2





			4


			Assign UL Source for Ra Request


			0.25


			0.5





			5


			STA Processing Delay of Constructing RaReq message, including ID, bytes will be send


			0.5


			1





			6


			Transmission of Ra Request


			0.25


			0.5





			7


			Processing delay in CAP including analysis of Ra Request and Constructing Ra Response


			1


			2





			8


			Transmission of Ra Response


			0.25


			0.5





			9


			Processing delay in STA of Ra Response 


			0.5


			1





			


			Total delay [ms]


			4


			8











[bookmark: _Toc23569][bookmark: _Toc516617887][bookmark: _Toc12647465]5.8  Energy efficiency


As defined in Report ITU-R M.2410, network energy efficiency is the capability of a RIT/SRIT to minimize the radio access network energy consumption in relation to the traffic capacity provided. Device energy efficiency is the capability of the RIT/SRIT to minimize the power consumed by the device modem in relation to the traffic characteristics. 


The RIT/SRIT shall have the capability to support a high sleep ratio and long sleep duration. 


The sleep ratio is the fraction of unoccupied time resources (for the network) or sleeping time (for the device) in a period of time corresponding to the cycle of the control signaling (for the network) or the cycle of discontinuous reception (for the device) when no user data transfer takes place. The sleep duration is the continuous period of time with no transmission (for network and device) and reception (for the device).


[bookmark: _Toc21640][bookmark: _Toc12647466]5.8.1  Network Side


The sleep ratio and sleep duration for EUHT network under unloaded case are evaluated.


The fundamental always-on transmission that must take place is the periodic BCF frame. The BCF frame is used for the STA to detect the CAP, obtain basic information of it.  The BCF interval, PHY frame length depends on the network setup. BCF frame is sent in each single sub-band. PHY frame length is one from set of {0.5, 1, 1.6, 2, 2.5, 4, other} ms. 


Remaining minimum system information carried over BCF frame needs to be broadcast at least once in BCF intervals in which the STAs are expected to be able to set up the connection to the network. When one STA acquires the BCF frame and joins the CAP, it does not need to read it again. It is illustrated in Figure 5.8.1-1.


· One DTF_IND occupies 1 OFDM symbols.


· Listen window and Sleep window should be an integral multiple of PHY frame length.


[image: 5]


Figure 5.8.1-1 Illustration of synchronization signal and DTF_IND transmission


The sleep ratio is computed by equation of BCF interval/duration, and duration is length of (N+1) PHY Frame, which is up to 100ms.


[bookmark: _Toc27801][bookmark: _Toc12647467]5.8.2  Device Side


The sleep ratio and sleep duration under unloaded case are evaluated.


[bookmark: _Toc524549101][bookmark: _Toc12647468]5.8.2.1  Evaluation of sleep ratio


For Sleep mode, the STA should monitor synchronization signal and DTF_IND frame per duration of Sleep. STA can get how long sleep window will last after DTF_IND reception. Sleep window is assumed one PHY frame length,1ms or 2ms for instance. Sleep window should be an integral multiple of PHY frame length. 


The duration of Sleep mode consists of a "listen" during which the STA should perform DTF_IND monitoring, and a "sleep" during which the STA can skip reception of downlink channels to save energy. It's illustrated in Figure 5.8.2.1-1. Different the duration of Sleep is illustrated in Figure  5.8.2.1-2.


[image: ]


Figure 5.8.2.1-1 Illustration of Listen window and sleep window in Sleep mode


It is assumed that synchronization signal  and DTF_IND frame can be received in the same PHY frame length. After decoding DTF_IND, the STA will learn if it should keep on sleep mode or not.


The length of duration may be different. It's probably configured by 10ms, 20ms or 40ms. The "sleep" is 9,19,39 according to configuration if PHY frame length is 1ms. The "sleep" is 4,9,19, if PHY frame length is 2ms.the"listen" is one frame no matter how long frame length is.


Therefore the sleep ratio is determined by the length of "listen", the length" sleep" and PHY frame length.


Based on the above configuration and assumption, the sleep ratio is evaluated shown in Table 5.8.2.1-1 for 1ms frame length, and Table 5.8.2.1-2 for 2ms frame length.








Figure 5.8.2.1-2  Different the duration of Sleep





Table 5.8.2.1-1 EUHT STA sleep ratio for 1ms frame length


			Duration of sleep    (ms)


			numbers of duration


			sleep time (ms)   


			listen time (ms)   


			Frame length (ms)


			Frame numbers  in sleep


			Frame numbers in listen


			Sleep ratio  





			10


			40


			9


			1


			1


			9


			1


			90%





			20


			20


			19


			1


			1


			19


			1


			95%





			40


			10


			39


			1


			1


			39


			1


			97.5%





			…





			1000


			1


			999


			1


			1


			999


			1


			99.9%











Table 5.8.2.1-2 EUHTSTA sleep ratio for 2ms frame length


			Duration of sleep    (ms)


			numbers of duration


			sleep time (ms)   


			listen time (ms)   


			Frame length  (ms)


			Frame numbers  in sleep


			Frame numbers in listen


			Sleep ratio 





			10


			40


			8


			2


			2


			4


			1


			80%





			20


			20


			18


			2


			2


			9


			1


			90%





			40


			10


			38


			2


			2


			19


			1


			95%





			…





			1000


			1


			998


			2


			2


			499


			1


			99.8%











The sleep ratio is computed by equation of listen time/duration, and duration is up to 1s.


[bookmark: _Toc12647469]5.8.2.2  Evaluation of sleep duration


As the results shown in tables above, the more sleep duration for EUHT STA in Sleep mode is, the more energy efficiency is. As for different frame length, the short frame length is more effective.  


It is therefore concluded that how to choose sleep duration in terms of specific circumstance. Sleep ratio will be a bit more effective if it's given in symbol level, because more than half frame length can be cut down.


[bookmark: _Toc4851][bookmark: _Toc516617888][bookmark: _Toc12647470]5.9  Mobility


As defined in Report ITU-R M.2410, Mobility is the maximum CAP speed at which a defined QoS can be achieved (in km/h). The QoS is defined as normalized traffic channel link data rate.


A wide range of antenna configurations and transmission schemes are considered for EUHT. 


[bookmark: _Toc16206][bookmark: _Toc12647471]5.9.1  Indoor Hotspot – eMBB


[bookmark: _Toc8140]Evaluation configuration A (carrier frequency = 4 GHz) is applied for the evaluations of Indoor Hotspot – eMBB test environment for EUHT. The mobility class of 10km/h are considered. 


The evaluation results of mobility for EUHT for evaluation configuration A for mobility class of 10km/h are provided in Table 5.9.1-1. It is observed that EUHT fulfills the mobility requirement under configuration A.


Table 5.9.1-1 EUHT mobility in Indoor Hotspot – eMBB
(Evaluation configuration A, CF=4 GHz, Mobility class of 10km/h)


			Scheme and antenna configuration


			Sub-carrier spacing (kHz)


			Frame structure


			ITU


Requirement (bit/s/Hz)


			Channel model A





			


			


			


			


			Channel condition


			Normalized traffic channel link data rate (bit/s/Hz)





			8x8 SU-MIMO


			78.125


			Full uplink


			1.5


			NLOS


			7.20











[bookmark: _Toc12647472]5.9.2  Dense Urban – eMBB																					


Evaluation configuration A (carrier frequency = 4 GHz) is applied for the evaluations of Dense Urban – eMBB test environment for EUHT. The mobility class of 30km/h are considered. 


The evaluation results of mobility for EUHT for evaluation configuration A for mobility class of 30km/h are provided in Table 5.9.1-1. It is observed that EUHT fulfills the mobility requirement under configuration A.





Table 5.9.2-1 EUHT mobility in Dense Urban – eMBB
(Evaluation configuration A, CF=4 GHz, Mobility class of 30km/h)


			Scheme and antenna configuration


			Sub-carrier spacing (kHz)


			Frame structure


			ITU


Requirement (bit/s/Hz)


			Channel model A





			


			


			


			


			Channel condition


			Normalized traffic channel link data rate (bit/s/Hz)





			2x8 SU-MIMO


			78.125


			Full uplink


			1.12


			NLOS


			2.48








[bookmark: _Toc960]


[bookmark: _Toc12647473]5.9.3  Rural – eMBB


Evaluation configuration A (carrier frequency = 700 MHz) and Evaluation configuration B (carrier frequency = 4 GHz) are applied for the evaluations of Rural – eMBB test environment for EUHT. The mobility class of 120km/h and 500km/h are considered. 


The evaluation results of mobility for EUHT for evaluation configuration A for mobility class of 120km/h, 500km/h are provided in Table 5.9.3-1, Table 5.9.3-2 respectively.


Table 5.9.3-1 EUHT mobility in Rural – eMBB
(Evaluation configuration A, CF=700 MHz, Mobility class of 120km/h)


			Scheme and antenna configuration


			Sub-carrier spacing (kHz)


			Frame structure


			ITU


Requirement (bit/s/Hz)


			Channel model A





			


			


			


			


			Channel condition


			Normalized traffic channel link data rate (bit/s/Hz)





			2x8 SU-MIMO


			78.125


			Full uplink


			0.8


			NLOS


			4.23











Table 5.9.3-2 EUHT mobility in Rural – eMBB
(Evaluation configuration A, CF=700 MHz, Mobility class of 500km/h)


			Scheme and antenna configuration


			Sub-carrier spacing (kHz)


			Frame structure


			ITU


Requirement (bit/s/Hz)


			Channel model A





			


			


			


			


			Channel condition


			Normalized traffic channel link data rate (bit/s/Hz)





			2x8 SU-MIMO


			78.125


			Full uplink


			0.45


			NLOS


			3.95











The evaluation results of mobility for EUHT for evaluation configuration B for mobility class of 120km/h, 500km/h are provided in Table 5.9.3-3, Table 5.9.3-4 respectively.


Table 5.9.3-3 EUHT mobility in Rural – eMBB
(Evaluation configuration B, CF=4 GHz, Mobility class of 120km/h)


			Scheme and antenna configuration


			Sub-carrier spacing (kHz)


			Frame structure


			ITU


Requirement (bit/s/Hz)


			Channel model A





			


			


			


			


			Channel condition


			Normalized traffic channel link data rate (bit/s/Hz)





			2x8 SU-MIMO


			78.125


			Full uplink


			0.8


			NLOS


			2.00











Table 5.9.3-4 EUHT mobility in Rural – eMBB
(Evaluation configuration B, CF=4 GHz, Mobility class of 500km/h)


			Scheme and antenna configuration


			Sub-carrier spacing (kHz)


			Frame structure


			ITU


Requirement (bit/s/Hz)


			Channel model A





			


			


			


			


			Channel condition


			Normalized traffic channel link data rate (bit/s/Hz)





			2x8 SU-MIMO


			78.125


			Full uplink


			0.45


			NLOS


			1.44











It is observed that EUHT fulfills the mobility requirement under both configuration A and configuration B.


[bookmark: _Toc516617889][bookmark: _Toc19244][bookmark: _Toc12647474]5.10  Mobility interruption time


As defined in Report ITU-R M.2410, mobility interruption time is the shortest time duration supported by the system during which a STA cannot exchange user plane packets with any CAP during mobility transitions.


The mobility interruption time includes the time required to execute any radio access network procedure, radio resource control signalling protocol, or other message exchanges between the STA and CAP, as applicable to the candidate RIT/SRIT.


There are some properties support 0ms interrupt time in EUHT, such as:


1. The mode of multiple access is OFDMA in EUHT, thus can realize the carrier aggregation (CA) function, and STA could connect with source CAP and target CAP.


2. RACH – less is used in EUHT, interaction between  source CAP and target CAP could save the time when RACH process occurs.


Figure 5.10-1 shows the 0ms interrupt time procedure in EUHT.











							Figure 5.10-1 the 0ms interrupt time procedure in EUHT


Important notes as follows:


1. the message ‘handover Request & Rach - less Request’ is send from Source CAP to target CAP, which carry the information with sub-band scheduling, time domain scheduling about the resources of the STA;


2. After the source CAP received feedback back news ‘Handover Response’ from Target CAP, the both CAP will schedule the frequency and time domain resource accordance with the contract. At this time, STA will communicate with two CAP at the same time.


3. the Target CAP establish connection with STA and transfer the effective data, then inform the source CAP would release STA. The Target CAP will schedule time and frequency resource to STA by itself.


Based on the previous introduction, the STA can always exchange user plane packets with two CAP during the mobility transitions. Therefore, 0ms mobility interruption time is achieved in EUHT for this scenario.





[bookmark: _Toc8781][bookmark: _Toc516617890][bookmark: _Toc12647475]6  Self evaluation of URLLC technical performance


[bookmark: _Toc24978][bookmark: _Toc516617891][bookmark: _Toc12647476]6.1  Reliability


As defined in Report ITU-R M.2412, reliability is the success probability of transmitting a layer 2/3 packet within a required maximum time, which is the time it takes to deliver a small data packet from the radio protocol layer 2/3 SDU ingress point to the radio protocol layer 2/3 SDU egress point of the radio interface at a certain channel quality.


This requirement is defined for the purpose of evaluation in the URLLC usage scenario.


The minimum requirement for the reliability is 1-10-5 success probability of transmitting a layer 2 PDU(protocol data unit) of 32 bytes within 1 ms in channel quality of coverage edge for the Urban Macro-URLLC test environment.


EUHT Reliability is evaluated under Urban Macro-URLLC test environment. Both downlink and uplink are evaluated. A variety of configurations are considered. Detailed assumptions and results are provided in Annex B.2.4.


[bookmark: _Toc16557][bookmark: _Toc12647477]6.1.1  DL reliability


For downlink reliability, evaluation configuration A (carrier frequency = 4GHz) is evaluated. 


The evaluation result of EUHT for downlink reliability is provided in Table 6.1.1-1. The evaluation result is  derived with 20MHz bandwidth for evaluation configuration A. And channel model A is considered. It is observed that EUHT  fulfills the reliability requirement for downlink.


Table 6.1.1-1 Evaluation results of downlink reliability - Configuration A


			Scheme and Antenna Configuration


			Subcarrier Spacing [kHz]


			Frame structure


			Channel condition


			Reliability


			ITU Req.





			8x2 SU-MIMO 


			78.125


			DL:UL=2:1


			NLOS


			> 99.99999%


			99.999%











[bookmark: _Toc24157][bookmark: _Toc12647478]6.1.2  UL reliability


For uplink reliability, evaluation configuration A (carrier frequency = 4GHz) is evaluated. 


The evaluation result of EUHT for uplink reliability is provided in Table 6.1.2-1. The evaluation result is derived with 20MHz bandwidth for evaluation configuration A. And channel model A is considered. It is observed that EUHT  fulfills the reliability requirement for uplink.


Table 6.1.2-1 Evaluation results of uplink reliability - configuration A


			Scheme and Antenna Configuration


			Subcarrier Spacing [kHz]


			Frame structure


			Channel condition


			Reliability


			ITU Req.





			2x8 SU-MIMO 


			78.125


			DL:UL=2:1


			NLOS


			> 99.99999%


			99.999%








[bookmark: _Toc516617892]


[bookmark: _Toc2883][bookmark: _Toc12647479]6.2  Latency


[bookmark: _Toc516617893][bookmark: _Toc15076][bookmark: _Toc12647480]6.2.1  User plane latency


EUHT user plane latency for URLLC is evaluated based on the procedures and parameters as described in Section 5.7.1.


The evaluation results are shown in Section 5.7.1. It is observed that under a wide range of configurations EUHT fulfills both downlink and uplink user plane latency requirement of 1ms for URLLC.


[bookmark: _Toc3084][bookmark: _Toc516617894][bookmark: _Toc12647481]6.2.2  Control plane latency


Based on the evaluation results shown in Section 5.7.2, the control plane latency requirement is fulfilled by EUHT .


[bookmark: _Toc516617895][bookmark: _Toc10072][bookmark: _Toc12647482]6.3  Mobility interruption time


Based on the evaluation results shown in Section 5.10, the mobility interruption time requirement is fulfilled by EUHT.





[bookmark: _Toc25214][bookmark: _Toc516617896][bookmark: _Toc12647483]7  Self evaluation of mMTC technical performance


[bookmark: _Toc516617897][bookmark: _Toc17497][bookmark: _Toc12647484]7.1  Connection density


As specified in Report ITU-R M.2410, connection density is the total number of devices fulfilling a specific quality of service(QoS) per unit area (per km2).


In Report ITU-R M.2412, the required QoS is that a 32-byte packet is successfully received within 10s. 


The connection density can be evaluated using one or both of two alternative methods: The Full-buffer system-level simulation followed by link level simulation, and the Non-full-buffer system level simulation. These are defined in section 7.1.3 of Report ITU-R M.2412.The detailed assumptions for these approaches, including system level configurations and traffic model, are defined in Table 5-d) in Report ITU-R M.2412. 


The connection density is defined for the purpose of evaluation in the mMTC usage scenario. The minimum requirement for connection density is 1 000 000 devices per km2.


The connection density of EUHT is evaluated by using the full buffer system level simulation followed by link level simulation.


In a first step this evaluation method employs a full buffer system level simulation to derive the uplink SINR distribution for a candidate technology. In a second step link level simulation are performed to determine the uplink spectral efficiency and data rate as functions of SINR. When combined these three functions supports the calculation of the expected long-term time-frequency resources required for each SINR to support the specified traffic model.


Connection density is in a final step conceptually derived by the system bandwidth, declared for the candidate technology, divided by the average required frequency resource. The requirement is fulfilled if the recorded connection density exceeds the 1.000.000 devices/km2, while the packet delay at the 99th percentile SINR is less than 10s.


This evaluation method is targeted to evaluate the connection density in terms of the capability of uplink data transmission. The capacity calculation is based on an assumption of ideal resource allocation among the multiple packets and users (e.g., there is no collision on resource allocation). The packet delay calculation does not consider the delays introduced by the connection access procedure.


The Urban Macro-mMTC test environment is used for evaluation. Evaluation configuration A (ISD=500m) is considered. And channel model A is considered. Traffic model is 1 message/2 hours/device with layer 2 PDU 32 bytes.


The evaluation results of EUHT are shown in Table 7.1-1. It is observed that EUHT fulfills connection density requirement under full buffer system level simulation followed by link level simulation. Detailed simulation assumptions and results can be found in Annex B.2.5.


Table 7.1-1 Evaluation results of connection density for EUHT - Configuration A


			Antenna Configuration


			Resource Unit bandwidth


[KHz]


			Subcarrier Spacing [kHz]


			Frame structure


			Connection


Density (device/km2)


			Req.


(device/km2)





			1x2 SIMO


			625


			39.0625


			Full uplink


			135,900,382


			1,000,000











[bookmark: _Toc27512][bookmark: _Toc516617898][bookmark: _Toc12647485]8  Self evaluation of generic requirements


[bookmark: _Toc516617899][bookmark: _Toc839][bookmark: _Toc12647486]8.1  Bandwidth and scalability


As defined in Report ITU-R M.2410, bandwidth is the maximum aggregated system bandwidth. The bandwidth may be supported by single or multiple radio frequency (RF) carriers.


Scalable bandwidth is the ability of the candidate RIT/SRIT to operate with different bandwidths.


The capability of bandwidth and bandwidth scalability for EUHT are evaluated. 


According to EUHT, the maximum bandwidth related to specific sub-carrier spacing (SCS) and frequency range for a component carrier is provided in Table 8.1-1.Therefore the bandwidth requirement of at least 100 MHz is met by EUHT under all frequency ranges for all sub-carrier spacing values.


Table 8.1-1EUHT capability on bandwidth


			


			SCS [kHz] 


			Maximum bandwidth for one component carrier (MHz)


			Maximum number of component carriers for carrier aggregation


			Maximum aggregated bandwidth (MHz)





			Sub-6GHz bands


(Below 6 GHz)


			19.53125


			50


			16


			800





			


			39.0625


			100


			16


			1600





			


			78.125


			100


			16


			1600





			mmWave bands 
(Above 24 GHz)


			390.625


			400


			16


			6400








According to EUHT, different bandwidths and number of data subcarriers (NSD) are supported for a component carrier at given SCS as listed in Table 8.1-2. Accordingly, the bandwidth scalability capability of EUHT is summarized in Table 8.1-3. It is observed that up to 11 different bandwidths are supported for Sub-6GHz bands, and up to 4 different bandwidths are supported for mmWave bands. Therefore bandwidth scalability capability is fulfilled by EUHT.


Table 8.1-2 Transmission bandwidth configuration NSD in EUHT 


(a) for Sub-6GHz bands


			SCS (kHz)


			5


MHz


			10


MHz


			15


MHz


			20


MHz


			25


MHz


			30


MHz


			40


MHz


			50


MHz


			60


MHz


			80 MHz


			100 MHz





			


			NSD


			NSD


			NSD


			NSD


			NSD


			NSD


			NSD


			NSD


			NSD


			NSD


			NSD





			19.53125


			224


			448


			672


			896


			1120


			1344


			1792


			2240


			N/A


			N/A


			N/A





			39.0625


			112


			224


			336


			448


			560


			672


			896


			1120


			1344


			1792


			2240





			78.125


			56


			112


			168


			224


			280


			336


			448


			560


			672


			896


			1120








(b) for mmWave bands


			SCS [kHz]


			50 MHz


			100 MHz


			200 MHz


			400 MHz





			


			NSD


			NSD


			NSD


			NSD





			390.625


			112


			224


			448


			896








Table 8.1-3 Bandwidth scalability capability for EUHT


			


			SCS [kHz] 


			Minimum component carrier bandwidth (MHz)


			Maximum component carrier bandwidth (MHz)


			Maximum Number of supported bandwidth for a component carrier





			Sub-6GHz bands


			19.53125


			5


			50


			8





			


			39.0625


			5


			100


			11





			


			78.125


			5


			100


			11





			mmWave bands


			390.625


			50


			400


			4











[bookmark: _Toc516617900][bookmark: _Toc1600][bookmark: _Toc12647487]8.2  Spectrum


As defined in Report ITU-R M.2411, spectrum requirement includes


· The capability of being able to utilize at least one frequency band identified for IMT in the ITU Radio Regulations, and


· The capability of being able to utilize the higher frequency range/band(s) above 24.25 GHz (NOTE: In the case of the candidate SRIT, at least one of the component RITs need to fulfil this requirement.)


The frequency bands in which EUHT can be deployed are given in Table 8.2-1 and Table 8.2-2. It is observed that EUHT can support at least one frequency band for IMT, as well as to utilize the higher frequency range/bands above 24.25 GHz. Therefore, EUHT fulfills spectrum requirement.


Table 8.2-1: EUHT operating bands in Sub-6GHz bands


			Uplink (UL) and Downlink (DL)operating band


			Duplex Mode





			450 - 470 MHz


			TDD





			470 - 698 MHz


			TDD





			694/698 - 960 MHz


			TDD





			1427 - 1518 MHz


			TDD





			1710 - 2025 MHz


			TDD





			2110 - 2200 MHz


			TDD





			2300 - 2400 MHz


			TDD





			2500 - 2690 MHz


			TDD





			3300 - 3400 MHz


			TDD





			3400 - 3600 MHz


			TDD





			3600 - 3700 MHz


			TDD





			4800 - 4990 MHz


			TDD











Table 8.2-2: EUHT operating bands in mmWave bands


			Uplink (UL) and Downlink (DL) operating band


			Duplex Mode





			26500 MHz – 29500 MHz


			TDD





			24250 MHz – 27500 MHz


			TDD





			37000 MHz – 40000 MHz


			TDD





			27500 MHz – 28350 MHz


			TDD











[bookmark: _Toc516617902][bookmark: _Toc7414][bookmark: _Toc12647488]9  Conclusion


EUHT can meet the requirements of IMT-2020 over a set of usage scenarios and test environments of Indoor Hotspot - eMBB, Dense Urban - eMBB, Rural - eMBB, mMTC and URLLC.


[bookmark: _Toc12647489]
Annex A: Calibration for self evaluation 


To facilitate the self evaluation towards IMT-2020 submission, the system level simulation and link level simulation have been calibrated to ensure the correctness of the simulation environment. The calibration results are compared with the results from 3GPP entities [4].


The following metrics are selected for calibration of self evaluation:


· DL Geometry (wideband SINR)


· Coupling gain


The calibration was conducted to the corresponding evaluation configurations of Indoor Hotspot - eMBB, Dense Urban - eMBB, Rural - eMBB, Urban Macro - mMTC and Urban Macro - URLLC test environment as defined in Report ITU-R M.2412. The channel model A is applied in the calibration.


The Geometry (Wideband SINR) is selected for calibration of self evaluation in system level simulation.


The calibration results for the five test environments are shown through Figure A.1 to Figure A.5, respectively. The results are based on the average of the independent results from the simulators of the contributing entities. The results of DL geometry (wideband SINR) from Nufront are typically within 1~2 dB of the average 3GPP SINR.


[image: ][image: ]


Figure A.1 Coupling gain and DL geometry of Indoor Hotspot - eMBB test environment


[image: ][image: ]


Figure A.2 Coupling gain and DL geometry of Dense Urban - eMBB test environment


[image: ][image: ]
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Figure A.3 Coupling gain and DL geometry of Rural - eMBB test environment


[image: ][image: ]


Figure A.4 Coupling gain and DL geometry of Urban Macro - mMTC test environment


[image: ][image: ]


Figure A.5 Coupling gain and DL geometry of Urban Macro - URLLC test environment


A summary of the collected samples for calibration of each test environment and evaluation configuration is shown in Table A.1.


Table A.1. Sample statistics for ITU-R test environments.


			Test environment


			Evaluation configuration 


			Channel model / Topology


			DL wideband SINR difference compared to average SINR of 3GPP results (at 50%-tile CDF point)





			Indoor Hotspot - eMBB


			Configuration A (4 GHz)


			Channel model A


			12TRxP


			<0.7 dB





			Dense Urban - eMBB


			Configuration A (4 GHz)


			Channel model A


			<1.3 dB





			Rural - eMBB


			Configuration B (1732 m, 4 GHz)


			Channel model A


			<0.5 dB





			


			Configuration C (LMLC, 6000 m, 700 MHz)


			Channel model A


			<0.4 dB





			Urban Macro - mMTC


			Configuration A (500 m, 700 MHz)


			Channel model A


			<0.6 dB





			Urban Macro - URLLC


			Configuration A (4 GHz)


			Channel model A


			<0.8 dB











[bookmark: _Toc516617904][bookmark: _Toc4397][bookmark: _Toc351]



[bookmark: _Toc12647490]Annex B: Simulation models and assumptions 


[bookmark: _Toc12647491]B.1  Evaluation assumption for peak spectral efficiency and peak data rate


[bookmark: _Toc18064][bookmark: _Toc12647492]B.1.1  Evaluation assumption for EUHT


Please refer to section 5.2.3.2.4.2 of “characteristics template for EUHT” [5] for EUHT overhead.


[bookmark: _Toc20316][bookmark: _Toc12647493]B.1.1.1  EUHT downlink


Evaluation parameters for EUHT DL peak spectral efficiency and peak data rate is shown in Table B.1.1.1-1. The notations can be found in equation (5.1-1) in Section 5.1.


[bookmark: _Ref506285681]Table B.1.1.1-1 EUHT Parameters for DL peak spectral efficiency and peak data rate evaluation


			Parameters


			Values


			Remarks





			Max. number of layers








			For Sub-6GHz bands: 8


For mmWave bands: 6


			





			Highest modulation order








			10,8


			1024QAM, 256QAM





			Max. coding rate


Rmax


			7/8 = 0.875


			LDPC





			





			For Sub-6GHz bands: 1, 2, 4


For mmWave bands:10, 20, 30


			Frame length (ms)





			





			See Table 8.1-2 for Sub-6GHz bands and mmWave bands for specific component carrier bandwidth and SCS.


			The maximum number of sub-carrier data for the specific component carrier bandwidth and SCS is used.











[bookmark: _Toc17871][bookmark: _Toc12647494]B.1.1.2  EUHT uplink


Evaluation parameters for EUHT UL peak spectral efficiency and peak data rate is shown in Table B.1.1.2-1. 


Table B.1.1.2-1 EUHT Parameters for UL peak spectral efficiency and peak data rate evaluation


			Parameters


			Values


			Remarks





			Max. number of layers








			For Sub-6GHz bands: 8


For mmWave bands: 4


			





			Highest modulation order








			10, 8


			1024QAM, 256QAM





			Max. coding rate


Rmax


			7/8 = 0.875


			LDPC





			





			For Sub-6GHz bands: 1, 2, 4


For mmWave bands:10, 20, 30


			Frame length (ms)





			





			See Table 8.1-2 for Sub-6GHz bands and mmWave bands for specific component carrier bandwidth and SCS.


			The maximum number of sub-carrier data for the specific component carrier bandwidth and SCS is used.











[bookmark: _Toc22355][bookmark: _Toc12647495]B.2  Detailed assumptions and evaluation results for simulation related technical performance requirements


[bookmark: _Toc28206][bookmark: _Toc29855][bookmark: _Toc12647496][bookmark: _Toc516617913][bookmark: _Toc14063]B.2.1  Detailed assumptions and results for average and 5th percentile user spectral efficiency


The detailed assumptions and results for average and 5th percentile user spectral efficiency can be found in the attached document SpectralEfficiency.zip.








[bookmark: _Toc12647497]B.2.2  Detailed assumptions and results for mobility


[bookmark: _Toc18222][bookmark: _Toc19084]The detailed assumptions and results for mobility can be found in the attached document Mobility.zip.





[bookmark: _GoBack]


[bookmark: _Toc12647498]B.2.3  Detailed assumptions and results for user experienced data rate


[bookmark: _Toc24169][bookmark: _Toc4896]The detailed assumptions and results for user experienced data rate for multi-band/layer can be found in the attached document UserExpDataRate.zip.








[bookmark: _Toc12647499]B.2.4  Detailed assumptions and results for reliability


[bookmark: _Toc21791][bookmark: _Toc2061]The detailed assumptions and results for reliability can be found in the attached document Reliability.zip.








[bookmark: _Toc12647500]B.2.5  Detailed assumptions and results for connection density


The detailed assumptions and results for connection density can be found in the attached document ConnectionDensity.zip.
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ConnectionDensity -UrbanMacro-mMTC - Fullbuffer SLS+LLS.xlsx



FB_SLS_Para_500m




					Urban Macro - mMTC




					Technical configuration Parameters					EUHT




					Multiple access					OFDMA




					Duplexing					TDD




					Numerology					39.0625 kHz SCS




					Transmission scheme					UL SIMO




					Antenna configuration at TRxP					2R, (8,1,2,1,1; 1,1)
(M, N, P, Mg, Ng; Mp, Np)
- M: Number of vertical antenna elements within a panel, on one polarization
- N: Number of horizontal antenna elements within a panel, on one polarization
- P: Number of polarizations
- Mg: Number of panels in a column;
- Ng: Number of panels in a row;
- Mp: Number of vertical TXRUs within a panel, on one polarization
- Np: Number of horizontal TXRUs within a panel, on one polarization




					Antenna configuration at UE					1T, (1,1,1,1,1; 1,1)
(M, N, P, Mg, Ng; Mp, Np)
- M: Number of vertical antenna elements within a panel, on one polarization
- N: Number of horizontal antenna elements within a panel, on one polarization
- P: Number of polarizations
- Mg: Number of panels in a column;
- Ng: Number of panels in a row;
- Mp: Number of vertical TXRUs within a panel, on one polarization
- Np: Number of horizontal TXRUs within a panel, on one polarization




					Receiver					MMSE




					Power control parameter					 α=1, P_0=-103 dBm 









					System configuration parameters




					Carrier frequency for evaluation					700 MHz




					TRxP number per site					3




					Mechanic tilt 					90° in GCS (pointing to horizontal direction)




					Electronic tilt					99° in GCS




					Handover margin (dB)					1




					Wrapping around method					Geographical distance based wrapping




					Polarized antenna model					Model-2 in TR36.873




					TCH scheduling unit					625 kHz









					Other system configuration parameters align with Report ITU-R M.2412














LLS_Para_500m




					Parameters					EUHT









					Physical channel					UL-TCH




					Carrier frequency					700 MHz




					Evaluated service profiles					Full buffer best effort




					Simulation bandwidth					625 kHz




					Frame structure					Full uplink




					Number of users in simulation					1




					Link-level Channel model					TDL-iii




					UE speed					3 km/h




					Subcarrier spacing					39.0625 kHz 




					Antenna configuration at TRxP					2R




					Antenna configuration at UE					1T




					TXRU pattern at TRxP					Option 1: 0dBi Omni-directional




					TXRU pattern at UE					Option 1: 0dBi Omni-directional




					Transmission mode					SIMO




					payload					256 bit




					Modulation order					BPSK, QPSK, 16QAM




					Number of repetition					1, 2, 4, 8, 12, 16




					TRxP receiver type					MMSE




					Channel estimation					LMMSE




					Channel coding scheme					LDPC code




					DRS configuration					1, 2 OFDM symbols














UL_SINR_500m




					Source					EUHT  3km/h




					Channel model A




					UL SINR CDF (%)					UL SINR (dB)




					0					-10.5




					1					-8.4984




					2					-3.893




					3					-2.5824




					4					-2.0769




					5					-1.6499




					6					-1.3169




					7					-1.0867




					8					-0.8377




					9					-0.6351




					10					-0.505




					11					-0.363




					12					-0.2496




					13					-0.1209




					14					0.0177




					15					0.14




					16					0.2711




					17					0.4223




					18					0.5495




					19					0.6655




					20					0.7785




					21					0.946




					22					1.092




					23					1.2029




					24					1.349




					25					1.5083




					26					1.6298




					27					1.7693




					28					1.8938




					29					1.9945




					30					2.1073




					31					2.2229




					32					2.3553




					33					2.5099




					34					2.6583




					35					2.7685




					36					2.8787




					37					3.0059




					38					3.1287




					39					3.2889




					40					3.4025




					41					3.5565




					42					3.6713




					43					3.8249




					44					3.9665




					45					4.0993




					46					4.1977




					47					4.33




					48					4.4797




					49					4.5989




					50					4.7487




					51					4.8933




					52					4.9959




					53					5.1138




					54					5.2397




					55					5.3629




					56					5.4802




					57					5.5954




					58					5.7087




					59					5.8509




					60					5.9839




					61					6.096




					62					6.1888




					63					6.3188




					64					6.4217




					65					6.5503




					66					6.6659




					67					6.8012




					68					6.9053




					69					7.0465




					70					7.1847




					71					7.3173




					72					7.4728




					73					7.599




					74					7.7298




					75					7.8543




					76					7.9749




					77					8.0965




					78					8.2346




					79					8.3878




					80					8.5463




					81					8.7022




					82					8.8235




					83					8.9597




					84					9.0926




					85					9.2181




					86					9.3665




					87					9.5014




					88					9.6925




					89					9.8509




					90					9.9875




					91					10.1469




					92					10.3067




					93					10.4487




					94					10.6402




					95					10.8358




					96					11.0675




					97					11.3866




					98					11.6806




					99					12.0042




					100					12.8422














SINR-to-SE(Link Level)




					EUHT 




					SINR (dB)					SE (bit/s/Hz)




					-13					0




					-12					0




					-11					0




					-10					0.0045119579




					-9					0.0294070839




					-8					0.0308976225




					-7					0.0591377018




					-6					0.0605356125




					-5					0.1131948998




					-4					0.1163424408




					-3					0.2094545455




					-2					0.2146262626




					-1					0.3142433862




					0					0.4335483871




					1					0.4532759857




					2					0.6438244631




					3					0.7377030812




					4					0.8315816993




					5					0.9254603175




					6					0.9894603175




					7					1.2166464646




					8					1.3070222222




					9					1.3966222222




					10					1.4165333333




					11					1.4490864198




					12					1.5423209877




					13					1.572345679









&G	&F	文档密级





&D	华为保密信息,未经授权禁止扩散	第&P页，共&N页










ConnectionDensity_500m




					Channel model A					RIT					Antenna config & Tx scheme					Numerology					Req.										Nufront




					Connection density					TDD




										EUHT					1x2 SIMO					39.0625 kHz 					Connection density (/km2)					1,000,000					135,900,382




																									Bandwidth (kHz)										625 kHz









&G	&F	文档密级





&D	华为保密信息,未经授权禁止扩散	第&P页，共&N页
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SpectralEfficiency.zip






SpectralEfficiency.zip






SpectralEfficiency - 02 DenseUrban-eMBB.xlsx



DL_Para_4GHz




					Dense Urban - eMBB					EUHT




					Technical configuration Parameters					Configuration A




					Multiple access					OFDMA




					Duplexing					TDD




					Network synchronization					Synchronized




					Modulation					Up to 1024 QAM




					Coding on DL TCH					LDPC




					Numerology					78.125 kHz SCS




					Simulation bandwdith					20MHz




					Frame structure					DL:UL = 2:1




					Transmission scheme					Adaptive SU/MU-MIMO




					MU dimension					Maximum factor of 4




					SU dimension					Up to 8 layers




					DL-SCH transmission					8 DL-SCH ports in 20MHz bandwidth; 2symbols per 20ms




					CSI feedback					CSI: every 20ms




					Interference measurement					SU-CQI




					ACK/NACK delay					Current frame




					Re-transmission delay					Next available frame




					Antenna configuration at TRxP					8Rx, (8,4,2,1,1; 1,4)




					Antenna configuration at UE					8Tx, (1,4,2,1,1; 1,4)




					Scheduling					PF




					Receiver					Kbest




					Channel estimation					Non-ideal









					System configuration parameters




					TRxP number per site					3




					Mechanic tilt 					110° in GCS




					Electronic tilt					90° in LCS




					Handover margin (dB)					1




					Wrapping around method					Geographical distance based wrapping




					Criteria for selection for serving TRxP					Maximizing RSRP where the digital beamforming is not considered









					Other system configuration parameters align with Report ITU-R M.2412














&G	&F	文档密级





&D	华为保密信息,未经授权禁止扩散	第&P页，共&N页










UL_Para_4GHz




					Dense Urban - eMBB					EUHT




					Technical configuration Parameters					Configuration A




					Multiple access					OFDMA




					Duplexing					TDD




					Network synchronization					Synchronized




					Modulation					Up to 1024 QAM




					Coding on UL TCH					LDPC




					Numerology					78.125 kHz SCS




					Simulation bandwdith					20 MHz




					Frame structure					DL:UL = 2:1




					Transmission scheme					Adaptive SU/MU-MIMO




					MU dimension					Maximum factor of 4




					SU dimension					Up to 8 layers




					UL-SCH transmission					8 UL-SCH  ports in 20MHz bandwidth; 2 symbols per 20ms




					Antenna configuration at TRxP					8Rx, (8,4,2,1,1; 1,4)




					Antenna configuration at UE					8Tx, (1,4,2,1,1; 1,4)




					UL re-transmission delay					Next available frame




					Scheduling					PF




					Receiver					Kbest




					Channel estimation					Non-ideal




					Power control parameter					P0=-60, alpha = 0.6









					System configuration parameters




					TRxP number per site					3




					Mechanic tilt 					110° in GCS




					Electronic tilt					90° in LCS




					Handover margin (dB)					1




					Wrapping around method					Geographical distance based wrapping




					Criteria for selection for serving TRxP					Maximizing RSRP where the digital beamforming is not considered 









					Other system configuration parameters align with Report ITU-R M.2412









&G	&F	文档密级





&D	华为保密信息,未经授权禁止扩散	第&P页，共&N页










DL_OH




					Dense Urban - eMBB										DL_OH_Para					DL_OH
(symbols/20ms)




					Overhead assumption										EUHT TDD




					IMT bands					CCH					1 symbol per 2ms (per frame)					10




										DL-SCH					2symbols per 20ms, 8 ports for 8Tx					2




										DRS					For 8Tx: Up to 8 ports; 12 symbols per 2ms					120




										GI					1  symbols per 2ms					10




										Preamble					1 short preamble  symbol and 1 long preamble symbol per 2ms					20




										SICH					1 symbol per 2ms					10




										Total symbols					93 symbols per 2ms					930




										Total OH										172




										Total OH (%)										18.49%









					Assumption: 20 MHz BW, 78.125kHz SCS, 20ms duration









&G	&F	文档密级





&D	华为保密信息,未经授权禁止扩散	第&P页，共&N页










UL_OH




					Dense Urban - eMBB										UL_OH_Para					UL_OH (symbols/20ms)




					Overhead assumption										EUHT TDD




					IMT bands					UL-SRCH					2 symbols per 20ms (per 10 frames)					2




										USCH					1 symbol per 2ms (per frame)					10




										DRS					For 8Tx: Up to 8 ports;   6 symbols per 2ms					60




										UL-SCH					20 ms period, 8 ports for 8Tx; 2symbols per 20ms					2




										GI					1  symbol per 2ms					10




										Total symbols					46 symbols per 2ms					460




										Total OH										84




										Total OH (%)										18.26%














					Assumption: 20 MHz BW, 78.125kHz SCS, 20ms duration
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Results_4GHz




					Channel model A					RIT					Antenna and TXRU mapping					Antenna config & Tx scheme					Numerology					Frame structure					Req.										Nufront
EUHT




					DL Spectral efficiency					TDD




															8T, (8,4,2,1,1; 1,4)
8R, (1,4,2,1,1; 1,4)					8x8 Adaptive SU/MU-MIMO					78.125 kHz SCS					DL:UL = 2:1					Average [bit/s/Hz/TRxP]					7.8					9.45




																																			5th percentile [bit/s/Hz]					0.225					0.55




					UL spectral efficiency					TDD




															8T, (8,4,2,1,1; 1,4)
8R, (1,4,2,1,1; 1,4)					8x8 Adaptive SU/MU-MIMO					78.125 kHz SCS					DL:UL = 2:1					Average [bit/s/Hz/TRxP]					5.4					7.80




																																			5th percentile [bit/s/Hz]					0.15					0.34
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DL_Para_4GHz




					Rural - eMBB




					Technical configuration Parameters					EUHT TDD




					Multiple access					OFDMA




					Duplexing					TDD




					Network synchronization					Synchronized




					Modulation					Up to 256 QAM




					Coding on PDSCH					LDPC




					Numerology					78.125 kHz




					Guard band ratio on simulation bandwidth					10.16%




					Simulation bandwdith					20 MHz




					Frame structure					DL:UL = 2:1




					Transmission scheme					Adaptive SU/MU-MIMO




					SU dimension					For 8Rx: Up to 8 layers




					Codeword (CW)-to-layer mapping					For 1~4 layers, CW1;
For 5 layers or more, two CWs




					DL-SCH transmission					8 DL-SCH ports in 20MHz bandwidth; 2symbols per 20ms




					CSI feedback					CSI: every 20ms




					Interference measurement					SU-CQI




					ACK/NACK delay					Current frame




					Re-transmission delay					Next available frame




					Antenna configuration at TRxP					8T: (M,N,P,Mg,Ng; Mp,Np) = (8,4,2,1,1;1,4)
(M, N, P, Mg, Ng; Mp, Np)
- M: Number of vertical antenna elements within a panel, on one polarization
- N: Number of horizontal antenna elements within a panel, on one polarization
- P: Number of polarizations
- Mg: Number of panels in a column;
- Ng: Number of panels in a row;
- Mp: Number of vertical TXRUs within a panel, on one polarization
- Np: Number of horizontal TXRUs within a panel, on one polarization




					Antenna configuration at UE					8R: (M,N,P,Mg,Ng; Mp,Np) =  (1,4,2,1,1; 1,4)                                                               (M, N, P, Mg, Ng; Mp, Np)
- M: Number of vertical antenna elements within a panel, on one polarization
- N: Number of horizontal antenna elements within a panel, on one polarization
- P: Number of polarizations
- Mg: Number of panels;
- Ng: default: 1
- Mp: Number of vertical TXRUs within a panel, on one polarization
- Np: Number of horizontal TXRUs within a panel, on one polarization




					Scheduling					PF




					Receiver					Kbest




					Channel estimation					Non-ideal




					System configuration parameters




					Mechanic tilt 					90° in GCS (pointing to horizontal direction)




					Electronic tilt					100° in LCS




					Wrapping around method					Geographical distance based wrapping




					Criteria for selection for serving TRxP					Maximizing RSRP where the digital beamforming is not considered 









					Other system configuration parameters align with Report ITU-R M.2412
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UL_Para_4GHz




					Rural - eMBB




					Technical configuration Parameters					EUHT TDD




					Multiple access					OFDMA




					Duplexing					TDD




					Network synchronization					Synchronized




					Modulation					Up to 256QAM




					Coding on PUSCH					LDPC




					Numerology					78.125 kHz




					Guard band ratio on simulation bandwidth					10.16%




					Simulation bandwdith					20 MHz




					Frame structure					DL:UL = 2:1




					Transmission scheme					Adaptive SU/MU-MIMO




					SU dimension					For 8Tx: Up to 8 layers




					Codeword (CW)-to-layer mapping					For 1~4 layers, CW1;
For 5 layers or more, two CWs




					UL-SCH transmission					8 UL-SCH  ports in 20MHz bandwidth; 2 symbols per 20ms




					Antenna configuration at TRxP					8R: (M,N,P,Mg,Ng; Mp,Np) = (8,4,2,1,1;1,4)
(M, N, P, Mg, Ng; Mp, Np)
- M: Number of vertical antenna elements within a panel, on one polarization
- N: Number of horizontal antenna elements within a panel, on one polarization
- P: Number of polarizations
- Mg: Number of panels in a column;
- Ng: Number of panels in a row;
- Mp: Number of vertical TXRUs within a panel, on one polarization
- Np: Number of horizontal TXRUs within a panel, on one polarization




					Antenna configuration at UE					8T: (M,N,P,Mg,Ng; Mp,Np) =  (1,4,2,1,1; 1,4)       
(M, N, P, Mg, Ng; Mp, Np)
- M: Number of vertical antenna elements within a panel, on one polarization
- N: Number of horizontal antenna elements within a panel, on one polarization
- P: Number of polarizations
- Mg: Number of panels in a column;
- Ng: Number of panels in a row;
- Mp: Number of vertical TXRUs within a panel, on one polarization
- Np: Number of horizontal TXRUs within a panel, on one polarization




					UL re-transmission delay					Next available frame




					Scheduling					PF




					Receiver					Kbest




					Channel estimation					Non-ideal




					Power control parameter					P0=-60, alpha = 0.6









					System configuration parameters




					Mechanic tilt 					90° in GCS (pointing to horizontal direction)




					Electronic tilt					100° in LCS




					Wrapping around method					Geographical distance based wrapping




					Criteria for selection for serving TRxP					Maximizing RSRP where the digital beamforming is not considered 









					Other system configuration parameters align with Report ITU-R M.2412





























&G	&F	文档密级





&D	华为保密信息,未经授权禁止扩散	第&P页，共&N页










DL_Para_LMLC




					Rural - eMBB




					Technical configuration Parameters					EUHT TDD




					Multiple access					OFDMA




					Duplexing					TDD




					Network synchronization					Synchronized




					Modulation					Up to 256 QAM




					Coding on PDSCH					LDPC




					Numerology					78.125 kHz




					Guard band ratio on simulation bandwidth					10.16%




					Simulation bandwdith					20 MHz




					Frame structure					DL:UL = 2:1




					Transmission scheme					Adaptive SU/MU-MIMO




					SU dimension					Up to 4 layers




					Codeword (CW)-to-layer mapping					CW1




					DL-SCH transmission					8 DL-SCH ports in 20MHz bandwidth; 2symbols per 20ms




					CSI feedback					CSI: every 20ms




					Interference measurement					SU-CQI




					ACK/NACK delay					Current frame




					Re-transmission delay					Next available frame




					Antenna configuration at TRxP					8T: (M,N,P,Mg,Ng; Mp,Np) = (8,4,2,1,1;1,4); 
(M, N, P, Mg, Ng; Mp, Np)
- M: Number of vertical antenna elements within a panel, on one polarization
- N: Number of horizontal antenna elements within a panel, on one polarization
- P: Number of polarizations
- Mg: Number of panels in a column;
- Ng: Number of panels in a row;
- Mp: Number of vertical TXRUs within a panel, on one polarization
- Np: Number of horizontal TXRUs within a panel, on one polarization




					Antenna configuration at UE					4R, (M,N,P,Mg,Ng; Mp,Np) = (1,2,2,1,1; 1,2)
(M, N, P, Mg, Ng; Mp, Np)
- M: Number of vertical antenna elements within a panel, on one polarization
- N: Number of horizontal antenna elements within a panel, on one polarization
- P: Number of polarizations
- Mg: Number of panels in a column;
- Ng: Number of panels in a row;
- Mp: Number of vertical TXRUs within a panel, on one polarization
- Np: Number of horizontal TXRUs within a panel, on one polarization




					Scheduling					PF




					Receiver					Kbest




					Channel estimation					Non-ideal









					System configuration parameters




					Mechanic tilt 					90° in GCS (pointing to horizontal direction)




					Electronic tilt					92° in LCS




					Wrapping around method					Geographical distance based wrapping




					Criteria for selection for serving TRxP					Maximizing RSRP where the digital beamforming is not considered 









					Other system configuration parameters align with Report ITU-R M.2412












































&G	&F	文档密级





&D	华为保密信息,未经授权禁止扩散	第&P页，共&N页










UL_Para_LMLC




					Rural - eMBB




					Technical configuration Parameters					EUHT TDD




					Multiple access					OFDMA




					Duplexing					TDD




					Network synchronization					Synchronized




					Modulation					Up to 256QAM




					Coding on PUSCH					LDPC




					Numerology					78.125 kHz




					Guard band ratio on simulation bandwidth					10.16%




					Simulation bandwdith					20 MHz




					Frame structure					DL:UL = 2:1




					Transmission scheme					Adaptive SU/MU-MIMO




					SU dimension					For 4Tx: Up to 4 layers




					Codeword (CW)-to-layer mapping					CW1




					UL-SCH transmission					4 UL-SCH ports in 20MHz bandwidth; 2 symbols per 20ms




					Antenna configuration at TRxP					8R: (M,N,P,Mg,Ng; Mp,Np) = (8,4,2,1,1;1,4);                                            
(M, N, P, Mg, Ng; Mp, Np)
- M: Number of vertical antenna elements within a panel, on one polarization
- N: Number of horizontal antenna elements within a panel, on one polarization
- P: Number of polarizations
- Mg: Number of panels in a column;
- Ng: Number of panels in a row;
- Mp: Number of vertical TXRUs within a panel, on one polarization
- Np: Number of horizontal TXRUs within a panel, on one polarization




					Antenna configuration at UE					4T: (M,N,P,Mg,Ng; Mp,Np) =  (1,2,2,1,1; 1,2)                                 
(M, N, P, Mg, Ng; Mp, Np)
- M: Number of vertical antenna elements within a panel, on one polarization
- N: Number of horizontal antenna elements within a panel, on one polarization
- P: Number of polarizations
- Mg: Number of panels in a column;
- Ng: Number of panels in a row;
- Mp: Number of vertical TXRUs within a panel, on one polarization
- Np: Number of horizontal TXRUs within a panel, on one polarization




					UL re-transmission delay					Next available frame




					Scheduling					PF




					Receiver					Kbest




					Channel estimation					Non-ideal




					Power control parameter					P0=-76, alpha = 0.8









					System configuration parameters




					Mechanic tilt 					90° in GCS (pointing to horizontal direction)




					Electronic tilt					96° in LCS




					Wrapping around method					Geographical distance based wrapping




					Criteria for selection for serving TRxP					Maximizing RSRP where the digital beamforming is not considered 









					Other system configuration parameters align with Report ITU-R M.2412
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DL_OH




					Rural - eMBB										DL_OH_Para					DL_OH
(symbols/20ms)




					Overhead assumption										EUHT TDD




					IMT bands					CCH					1 symbol per 2ms (per frame)					10




										DL-SCH					2symbols per 20ms, 8 ports for 8Tx					2




										DRS					For 8Tx: Up to 8 ports; 12 symbols per 2ms					120




										GI					1  symbol per 2ms					10




										Preamble					1 short preamble  symbol and 1 long preamble symbol per 2ms					20




										SICH					1 symbol per 2ms					10




										Total symbols					93 symbols per 2ms					930




										Total OH										172




										Total OH (%)										18.49%









					Assumption: 20 MHz BW, 78.125kHz SCS, 20ms duration
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UL_OH




					Rural - eMBB										UL_OH_Para					UL_OH (symbols/20ms)




					Overhead assumption										EUHT TDD




					IMT bands					UL-SRCH					2 symbols per 20ms (per 10 frames)					2




										USCH					1 symbol per 2ms (per frame)					10




										DRS					For 8Tx: Up to 8 ports;   6 symbols per 2ms					60




										UL-SCH					20 ms period, 8 ports for 8Tx; 2symbols per 20ms					2




										GI					1  symbol per 2ms					10




										Total symbols					46 symbols per 2ms					460




										Total OH										84




										Total OH (%)										18.26%














					Assumption: 20 MHz BW, 78.125kHz SCS, 20ms duration
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Results




					Rural - eMBB										TDD




					Results_4GHz




					Channel model A					RIT					Antenna and TXRU mapping					Antenna config & Tx scheme					Numerology					Frame structure					Req.										Nufront
EUHT




					DL Spectral efficiency					EUHT					(M,N,P,Mg,Ng; Mp,Np) = (8,4,2,1,1;1,4)					8x8 Adaptive SU/MU-MIMO					78.125kHz  SCS					DL:UL = 2:1					5th percentile [bit/s/Hz]					0.12					0.37




																																			Average [bit/s/Hz/TRxP]					3.30					8.28




					UL Spectral efficiency					EUHT					(M,N,P,Mg,Ng; Mp,Np) = (1,4,2,1,1;1,4)					8x8 Adaptive SU/MU-MIMO					78.125kHz  SCS					DL:UL = 2:1					5th percentile [bit/s/Hz]					0.045					0.13




																																			Average [bit/s/Hz/TRxP]					1.60					4.22









					Results_LMLC




					Channel model A					RIT					Antenna and TXRU mapping					Antenna config & Tx scheme					Numerology					Frame structure					Req.										Nufront
EUHT




					DL Spectral efficiency					EUHT					 (M,N,P,Mg,Ng; Mp,Np) = (8,4,2,1,1;1,4)					8x4 Adaptive SU/MU-MIMO					78.125kHz  SCS					DL:UL = 2:1					5th percentile [bit/s/Hz]					0.12					0.19




																																			Average [bit/s/Hz/TRxP]					3.30					4.48




					UL Spectral efficiency					EUHT					 (M,N,P,Mg,Ng; Mp,Np) = (1,2,2,1,1;1,2)  					4x8 Adaptive SU/MU-MIMO					78.125kHz  SCS					DL:UL = 2:1					5th percentile [bit/s/Hz]					0.045					0.08




																																			Average [bit/s/Hz/TRxP]					1.60					4.38
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DL_Para_4GHz




					Indoor Hotspot - eMBB					EUHT




					Technical configuration Parameters					Configuration A




					Multiple access					OFDMA




					Duplexing					TDD




					Network synchronization					Synchronized




					Modulation					Up to 1024 QAM




					Coding on TCH					LDPC




					Numerology					78.125 kHz SCS




					Simulation bandwdith					20 MHz




					Frame structure					DL:UL = 2:1




					Transmission scheme					Adaptive SU/MU-MIMO




					MU dimension					Maximum factor of 2




					SU dimension					Up to 8 layers




					DL-SCH transmission					8 DL-SCH ports in 20MHz bandwidth; 2symbols per 20ms




					CSI feedback					CSI: every 20ms




					Interference measurement					SU-CQI




					ACK/NACK delay					Current frame




					Re-transmission delay					Next available frame




					Antenna configuration at TRxP					8Tx, (8,4,2,1,1; 1,4)




					Antenna configuration at UE					8Rx, (1,4,2,1,1; 1,4)




					Scheduling					PF




					Receiver					Kbest




					Channel estimation					Non-ideal









					System configuration parameters




					TRxP number per site					3




					Mechanic tilt 					110° in GCS




					Electronic tilt					90° in LCS




					Handover margin (dB)					1




					Wrapping around method					Geographical distance based wrapping




					Criteria for selection for serving TRxP					Maximizing RSRP where the digital beamforming is not considered









					Other system configuration parameters align with Report ITU-R M.2412
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UL_Para_4GHz




					InH - eMBB					EUHT




					Technical configuration Parameters					Configuration A




					Multiple access					OFDMA




					Duplexing					TDD




					Network synchronization					Synchronized




					Modulation					Up to 1024 QAM




					Coding on PUSCH					LDPC




					Numerology					78.125 kHz SCS




					Simulation bandwdith					20 MHz




					Frame structure					DL:UL = 2:1




					Transmission scheme					Adaptive SU/MU-MIMO




					MU dimension					Maximum factor of 2




					SU dimension					Up to 8 layers




					UL-SCH transmission					8 UL-SCH  ports in 20MHz bandwidth; 2 symbols per 20ms




					Antenna configuration at TRxP					8Rx, (8,4,2,1,1; 1,4)




					Antenna configuration at UE					8Tx, (1,4,2,1,1; 1,4)




					UL re-transmission delay					Next available frame




					Scheduling					PF




					Receiver					Kbest




					Channel estimation					Non-ideal




					Power control parameter					P0=-60, alpha = 0.6









					System configuration parameters




					TRxP number per site					3




					Mechanic tilt 					110° in GCS




					Electronic tilt					90° in LCS




					Handover margin (dB)					1




					Wrapping around method					Geographical distance based wrapping




					Criteria for selection for serving TRxP					Maximizing RSRP where the digital beamforming is not considered 









					Other system configuration parameters align with Report ITU-R M.2412









&G	&F	文档密级





&D	华为保密信息,未经授权禁止扩散	第&P页，共&N页










DL_OH




					Indoor Hotspot - eMBB										DL_OH_Para					DL_OH
(symbols/20ms)




					Overhead assumption										EUHT TDD




					IMT bands					CCH					1 symbol per 2ms (per frame)					10




										DL-SCH					2symbols per 20ms, 8 ports for 8Tx					2




										DRS					For 8Tx: Up to 8 ports; 12 symbols per 2ms					120




										GI					1  symbol per 2ms					10




										Preamble					1 short preamble  symbol and 1 long preamble symbol per 2ms					20




										SICH					1 symbol per 2ms					10




										Total symbols					93 symbols per 2ms					930




										Total OH										172




										Total OH (%)										18.49%









					Assumption: 20 MHz BW, 78.125kHz SCS, 20ms duration
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UL_OH




					Indoor Hotspot - eMBB										UL_OH_Para					UL_OH (symbols/20ms)




					Overhead assumption										EUHT TDD




					IMT bands					UL-SRCH					2 symbols per 20ms (per 10 frames)					2




										USCH					1 symbol per 2ms (per frame)					10




										DRS					For 8Tx: Up to 8 ports;   6 symbols per 2ms					60




										UL-SCH					20 ms period, 8 ports for 8Tx; 2symbols per 20ms					2




										GI					1  symbol per 2ms					10




										Total symbols					46 symbols per 2ms					460




										Total OH										84




										Total OH (%)										18.26%














					Assumption: 20 MHz BW, 78.125kHz SCS, 20ms duration
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Results_4GHz_12TRxP




					Channel model A					RIT					Antenna and TXRU mapping					Antenna config & Tx scheme					Numerology					Frame structure					Req.										Nufront
EUHT




					DL Spectral efficiency					TDD




															8T, (8,4,2,1,1; 1,4)
8R, (1,4,2,1,1; 1,4)					8x8 Adaptive SU/MU-MIMO					78.125 kHz SCS					DL:UL = 2:1					Average [bit/s/Hz/TRxP]					9					10.12




																																			5th percentile [bit/s/Hz]					0.3					0.40









					UL Spectral efficiency					TDD




															8T, (8,4,2,1,1; 1,4)
8R, (1,4,2,1,1; 1,4)					8x8 Adaptive SU/MU-MIMO					78.125 kHz SCS					DL:UL = 2:1					Average [bit/s/Hz/TRxP]					6.75					8.81




																																			5th percentile [bit/s/Hz]					0.21					0.37
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Mobility - 02.DenseUrban-eMBB.xlsx



SLS_Assumptions




					Dense Urban - eMBB					EUHT




					Technical configuration Parameters					Config A (4 GHz)




					Multiple access					OFDMA




					Duplexing					TDD




					Modulation					Up to 1024 QAM




					Numerology					78.125kHz SCS




					Simulation bandwdith					20MHz




					Transmission scheme					SU-MIMO




					SU dimension					up to 2 layers




					Antenna configuration at TRxP					8Rx, (8,4,2,1,1; 1,4)




					Antenna configuration at UE					2Tx, (1,1,2,1,1; 1,1)




					Receiver					MMSE/Kbest




					Channel estimation					Non-ideal









					System configuration parameters




					Carrier frequency for evaluation					4 GHz




					UE speeds of interest					30 km/h




					TRxP number per site					3




					Mechanic tilt 					90° in GCS (pointing to horizontal direction)




					Electronic tilt					100° in LCS




					Handover margin (dB)					1




					Wrapping around method					Geographical distance based wrapping




					Criteria for selection for serving TRxP					Maximizing RSRP where the digital beamforming is not considered 









					Other system configuration parameters align with Report ITU-R M.2412
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LLS_Assumptions




					Dense Urban - eMBB					EUHT




					Technical configuration Parameters					4GHz, 30km/h




					Carrier frequency					4GHz




					Waveform					CP-OFDM




					Duplexing					TDD




					Evaluated service profiles					Full buffer best effort




					Simulation bandwidth					20 MHz




					Frame structure					Full uplink




					Number of users in simulation					1




					Link-level Channel model					TDL-iii




					UE speed					30 km/h




					Subcarrier spacing					78.125 kHz




					Antenna configuration at TRxP					8R




					Antenna configuration at UE					2T




					TXRU pattern at TRxP					Option 1: 0dBi Omni-directional




					TXRU pattern at UE					Option 1: 0dBi Omni-directional




					Transmission mode					SU-MIMO




					TRxP receiver type					MMSE / Kbest




					Channel estimation					LMMSE




					Data allocation					108 symbol for one frame(2ms), with 224 SC allocated




					Channel coding scheme					LDPC




					Link adaptation					Yes




					DRS configuration					10 symbol  for one frame(2ms),DRS period is12 symbol




					Other overhead					UL-SCH: 2 symbols per 20ms,          
UL-SRCH:  2 symbols per 2ms,   
USCH: 1 symbol per 2ms,     









&G	&F	文档密级





&D	华为保密信息,未经授权禁止扩散	第&P页，共&N页










MedianSINR_4GHz




					Source					EUHT  30km/h




					Channel model A




					Median SINR (dB)					5.6536









					UL SINR CDF (%)					UL SINR (dB)




					0					-23.1




					1					-20.1294




					2					-15.7635




					3					-12.6156




					4					-8.71




					5					-6.4117




					6					-5.3305




					7					-3.84




					8					-2.8909




					9					-2.0501




					10					-1.5546




					11					-1.0207




					12					-0.7015




					13					-0.5359




					14					-0.3582




					15					-0.1449




					16					-0.0388




					17					0.3029




					18					0.6148




					19					0.6698




					20					0.7772




					21					0.9552




					22					0.9877




					23					1.1207




					24					1.3102




					25					1.4712




					26					1.6671




					27					1.8533




					28					2.0329




					29					2.0976




					30					2.1731




					31					2.2869




					32					2.4068




					33					2.5448




					34					2.6877




					35					2.8374




					36					3.0158




					37					3.1978




					38					3.3811




					39					3.6335




					40					3.7685




					41					3.9229




					42					4.0439




					43					4.1601




					44					4.3306




					45					4.5248




					46					4.6285




					47					4.7984




					48					5.0825




					49					5.3221




					50					5.6536




					51					5.8583




					52					5.972




					53					6.1106




					54					6.2582




					55					6.7002




					56					6.9338




					57					7.1329




					58					7.2543




					59					7.4419




					60					7.5466




					61					7.7758




					62					8.0838




					63					8.2121




					64					8.3211




					65					8.3979




					66					8.5542




					67					8.6962




					68					8.9693




					69					9.1176




					70					9.3554




					71					9.6406




					72					9.791




					73					9.9116




					74					10.0999




					75					10.2623




					76					10.4156




					77					10.5718




					78					10.6743




					79					10.9227




					80					11.1021




					81					11.2833




					82					11.513




					83					11.802




					84					11.9517




					85					12.328




					86					12.686




					87					12.8709




					88					13.2255




					89					13.4014




					90					13.8943




					91					14.1279




					92					14.2776




					93					14.7999




					94					15.3761




					95					15.7601




					96					16.271




					97					16.8976




					98					17.263




					99					17.80




					100					18.89














Mobility_4GHz




					Channel model A					RIT					Antenna config & Tx scheme					Numerology					Req.										Channel cond.					    Result




					UL mobility
(30km/h)					TDD




										EUHT					2x8 SU-MIMO					78.125 kHz SCS					Normalized traffic channel link data rate (bit/s/Hz)					1.12					NLOS					2.48









&G	&F	文档密级





&D	华为保密信息,未经授权禁止扩散	第&P页，共&N页
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Mobility - 03.Rural-eMBB.xlsx



SLS_Assumptions




					Rural - eMBB




					Technical configuration Parameters					
(700 MHz) Configuration A					
(4 GHz) Configuration B




					Multiple access					Aligned with reference					Aligned with reference




					Duplexing					TDD					TDD




					Modulation					Aligned with reference					Aligned with reference




					Numerology					78.125kHz SCS					78.125kHz SCS




					Simulation bandwdith					20MHz					20MHz




					Transmission scheme					SU-MIMO					SU-MIMO




					Antenna configuration at TRxP					8Rx, (8,4,2,1,1; 1,4)					8Rx, (8,4,2,1,1; 1,4)




					Antenna configuration at UE					2Tx, (1,1,2,1,1; 1,1)					2Tx, (1,1,2,1,1; 1,1)




					Receiver					MMSE/Kbest					MMSE/Kbest




					Power control parameter					[0.8, -76]					[0.6, -60]














					System configuration parameters




					Carrier frequency for evaluation					700 MHz					4 GHz




					UE speeds of interest					120km/h, 500km/h					120km/h, 500km/h




					TRxP number per site					3					3




					Mechanic tilt 					90° in GCS (pointing to horizontal direction)					90° in GCS (pointing to horizontal direction)




					Electronic tilt					100 degree					100 degree




					Handover margin (dB)					1					1




					Wrapping around method					Geographical distance based wrapping					Geographical distance based wrapping




					Criteria for selection for serving TRxP					Maximizing RSRP where the digital beamforming is not considered 					Maximizing RSRP where the digital beamforming is not considered 









					Other system configuration parameters align with Report ITU-R M.2412









&G	&F	文档密级





&D	华为保密信息,未经授权禁止扩散	第&P页，共&N页










LLS_Assumptions




					Parameters					EUHT					EUHT					EUHT					EUHT




										700 MHz, 120km/h					700 MHz, 500km/h					4 GHz, 120km/h					4 GHz, 500km/h




					Carrier frequency					700 MHz					700 MHz					4 GHz					4 GHz




					Waveform					CP-OFDM					CP-OFDM					CP-OFDM					CP-OFDM




					Duplexing					TDD 					TDD					TDD					TDD




					Simulation bandwidth					20 MHz					20 MHz					20 MHz					20 MHz




					Frame structure					Full uplink					Full uplink					Full uplink					Full uplink




					Number of users in simulation					1					1					1					1




					Link-level Channel model					NLOS: TDL-iii					NLOS: TDL-iii					NLOS: TDL-iii					NLOS: TDL-iii




					UE speed					120 km/h					500 km/h					120 km/h					500 km/h




					Subcarrier spacing					78.125 kHz					78.125 kHz					78.125 kHz					78.125 kHz




					Antenna configuration at TRxP					 8R					 8R					8R					8R




					Antenna configuration at UE					2T					2T					2T					2T




					TXRU pattern at TRxP					Option 1: 0dBi Omni-directional					Option 1: 0dBi Omni-directional					Option 1: 0dBi Omni-directional					Option 1: 0dBi Omni-directional




					TXRU pattern at UE					Option 1: 0dBi Omni-directional					Option 1: 0dBi Omni-directional					Option 1: 0dBi Omni-directional					Option 1: 0dBi Omni-directional




					Transmission mode					SU-MIMO					SU-MIMO					SU-MIMO					SU-MIMO




					TRxP receiver type					MMSE/Kbest					MMSE/Kbest					MMSE/Kbest					MMSE/Kbest




					Channel estimation					LMMSE					LMMSE					LMMSE					LMMSE




					Data allocation					108 symbol for one frame(2ms), with 224 SC allocated					108  symbol for one frame(2ms), with 224 SC allocated					108  symbol for one frame(2ms), with 224 SC allocated					108 symbol for one frame(2ms), with 224 SC allocated




					Channel coding scheme					LDPC					LDPC					LDPC					LDPC




					Link adaptation					Yes					Yes					Yes					Yes




					DRS configuration					10 symbol  for one frame(2ms),DRS period is12 symbol					10 symbol  for one frame(2ms),DRS period is12 symbol					10 symbol  for one frame(2ms),DRS period is12 symbol					10 symbol  for one frame(2ms),DRS period is12 symbol




					Other overhead					UL-SCH: 2 symbols per 20ms,          
UL-SRCH:  2 symbols per 2ms,   
USCH: 1 symbol per 2ms,                    					UL-SCH: 2 symbols per 20ms,           
UL-SRCH:  2 symbols per 2ms,   
USCH: 1 symbol per 2ms,     					UL-SCH: 2 symbols per 20ms,          
UL-SRCH:  2 symbols per 2ms,   
USCH: 1 symbol per 2ms,     					UL-SCH: 2 symbols per 20ms,          
UL-SRCH:  2 symbols per 2ms,   
USCH: 1 symbol per 2ms,     









&G	&F	文档密级





&D	华为保密信息,未经授权禁止扩散	第&P页，共&N页










MedianSINR_700MHz




					Channel model A					EUHT  120 km/h					EUHT  500 km/h




					Median SINR (dB)					9.8195					9.2814









					UL SINR CDF (%)					UL SINR (dB)
120 km/h					UL SINR (dB)
500 km/h




					0					-17.8279					-17.1639




					1					-12.9887					-11.6194




					2					-10.5850					-9.2792




					3					-7.9172					-6.7691




					4					-5.5109					-4.4761




					5					-4.4920					-3.5754




					6					-3.7068					-2.8694




					7					-2.8423					-2.1251




					8					-2.0170					-1.3765




					9					-1.2965					-0.7224




					10					-0.9115					-0.3851




					11					-0.5211					-0.0270




					12					-0.1101					0.3634




					13					0.3958					0.8421




					14					0.8219					1.2191




					15					1.1116					1.4818




					16					1.4584					1.7909




					17					1.8160					2.1147




					18					2.2403					2.5109




					19					2.4874					2.7251




					20					2.7755					2.9958




					21					3.0279					3.2426




					22					3.3642					3.5516




					23					3.5849					3.7577




					24					3.9073					4.0546




					25					4.0654					4.1793




					26					4.2976					4.3703




					27					4.4866					4.5067




					28					4.7498					4.7387




					29					5.0680					5.0432




					30					5.2219					5.1564




					31					5.4040					5.3059




					32					5.6503					5.5258




					33					5.8323					5.6736




					34					6.1032					5.9162




					35					6.2942					6.0802




					36					6.4461					6.2112




					37					6.6773					6.4206




					38					6.9260					6.6639




					39					7.2164					6.9190




					40					7.3318					7.0149




					41					7.4156					7.0701




					42					7.6924					7.3206




					43					7.9637					7.5725




					44					8.2601					7.8457




					45					8.5096					8.0718




					46					8.6676					8.2159




					47					8.9569					8.4882




					48					9.2738					8.7852




					49					9.5403					9.0182




					50					9.8195					9.2814




					51					9.9721					9.4141




					52					10.1807					9.5950




					53					10.3490					9.7408




					54					10.5431					9.9168




					55					10.7154					10.0650




					56					10.9324					10.2566




					57					11.1300					10.4340




					58					11.3454					10.6340




					59					11.4942					10.7651




					60					11.6003					10.8482




					61					11.6818					10.9184




					62					11.8894					11.1143




					63					12.0328					11.2418




					64					12.2836					11.4773




					65					12.4392					11.6152




					66					12.7746					11.9447




					67					12.9535					12.1046




					68					13.1117					12.2490




					69					13.2330					12.3603




					70					13.3070					12.4251




					71					13.4850					12.5895




					72					13.6919					12.7864




					73					13.9218					12.9999




					74					14.1053					13.1718




					75					14.3664					13.4145




					76					14.5735					13.5954




					77					14.7356					13.7405




					78					14.9363					13.9252




					79					15.0784					14.0537




					80					15.4696					14.4319




					81					15.7873					14.7429




					82					16.1797					15.1099




					83					16.4328					15.3537




					84					16.6659					15.5803




					85					16.8700					15.7796




					86					17.1473					16.0403




					87					17.2992					16.1766




					88					17.5929					16.4520




					89					17.9802					16.8402




					90					18.2129					17.0605




					91					18.3500					17.1913




					92					18.6251					17.4489




					93					19.0431					17.8464




					94					20.0397					18.8297




					95					20.4061					19.1739




					96					20.8754					19.6137




					97					21.6168					20.3517




					98					22.4494					21.1189




					99					25.2255					23.7547




					100					28.3355					27.1265





























Mobility_700MHz




					Channel model A					RIT					Antenna config & Tx scheme					Numerology					Req.										Channel cond.					    Result




					UL mobility
(120km/h)					TDD




										EUHT					2x8 SU MIMO					78.125 kHz SCS					Normalized traffic channel link data rate (bit/s/Hz)					0.80					NLOS					4.23









					UL mobility
(500km/h)					TDD




										EUHT					2x8 SU MIMO					78.125 kHz SCS					Normalized traffic channel link data rate (bit/s/Hz)					0.45					NLOS					3.95









&G	&F	文档密级





&D	华为保密信息,未经授权禁止扩散	第&P页，共&N页










MedianSINR_4GHz




					Channel model A					EUHT  120 km/h					EUHT  500 km/h




					Median SINR (dB)					4.8692					3.3311









					UL SINR CDF (%)					UL SINR (dB)
120 km/h					UL SINR (dB)
500 km/h




					0					-29.701					-30.037032




					1					-28.6982					-28.328932




					2					-23.3291					-23.023301




					3					-19.8868					-19.738656




					4					-18.1004					-18.06555




					5					-16.4645					-16.547924




					6					-15.3697					-15.532332




					7					-13.4807					-13.763538




					8					-12.5609					-12.920387




					9					-11.1735					-11.599353




					10					-9.7198					-10.193434




					11					-8.4909					-8.996835




					12					-7.6646					-8.191148




					13					-7.012					-7.565699




					14					-5.978					-6.580763




					15					-5.2664					-5.896193




					16					-4.9649					-5.632368




					17					-4.3739					-5.07521




					18					-3.9136					-4.643048




					19					-3.2147					-3.977033




					20					-2.6477					-3.427445




					21					-1.9147					-2.699979




					22					-1.5228					-2.33544




					23					-1.2741					-2.101325




					24					-0.9947					-1.847406




					25					-0.6552					-1.541332




					26					-0.3564					-1.283661




					27					-0.0834					-1.063292




					28					0.2073					-0.803768




					29					0.4187					-0.606118




					30					0.8122					-0.253339




					31					1.094					-0.004096




					32					1.2122					0.087732




					33					1.4423					0.283586




					34					1.6577					0.470651




					35					1.882					0.667974




					36					2.0948					0.859901




					37					2.3634					1.106749




					38					2.485					1.222908




					39					2.7307					1.433349




					40					2.8536					1.536686




					41					3.1583					1.812811




					42					3.418					2.046176




					43					3.687					2.295837




					44					3.8164					2.401979




					45					3.9351					2.497261




					46					4.0741					2.622352




					47					4.293					2.82433




					48					4.4942					3.005588




					49					4.7273					3.205196




					50					4.8692					3.331081




					51					5.0732					3.515168




					52					5.25					3.664271




					53					5.4722					3.864




					54					5.5796					3.953311




					55					5.8176					4.167153




					56					5.9504					4.274576




					57					6.1211					4.425116




					58					6.2379					4.526488




					59					6.3133					4.58423




					60					6.4445					4.692406




					61					6.5618					4.79837




					62					6.7111					4.935987




					63					6.8804					5.089376




					64					7.0003					5.193968




					65					7.1095					5.285476




					66					7.1988					5.368869




					67					7.358					5.509126




					68					7.4068					5.544078




					69					7.4952					5.622461




					70					7.6145					5.732645




					71					7.7241					5.828628




					72					7.7922					5.886737




					73					7.8871					5.965179




					74					8.0483					6.114813




					75					8.1965					6.244557




					76					8.2717					6.293648




					77					8.4041					6.408964




					78					8.475					6.463885




					79					8.6573					6.632576




					80					8.7669					6.729156




					81					8.8681					6.823702




					82					8.959					6.889213




					83					9.1197					7.040615




					84					9.247					7.161391




					85					9.4409					7.350531




					86					9.5612					7.454185




					87					9.815					7.692352




					88					9.9752					7.834323




					89					10.112					7.972004




					90					10.2566					8.1042




					91					10.5893					8.430643




					92					10.7402					8.563996




					93					11.0342					8.837467




					94					11.3214					9.111447




					95					11.6685					9.436297




					96					11.9781					9.716401




					97					12.1885					9.92343




					98					12.6139					10.283422




					99					13.3411					10.870277




					100					14.9807					12.771657














Mobility_4GHz




					Channel model A					RIT					Antenna config & Tx scheme					Numerology					Req.										Channel cond.					     Result




					UL mobility
(120km/h)					TDD




										EUHT					2x8 SU MIMO					78.125 kHz SCS					Normalized traffic channel link data rate (bit/s/Hz)					0.8					NLOS					2.00









					UL mobility
(500km/h)					TDD




										EUHT					2x8 SU MIMO					78.125 kHz SCS					Normalized traffic channel link data rate (bit/s/Hz)					0.45					NLOS					1.44
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Mobility - 01.IndoorHotspot-eMBB.xlsx



SLS_Assumptions




					Indoor Hotspot - eMBB					EUHT




					Technical configuration Parameters					Config A (4 GHz)




					Multiple access					OFDMA




					Duplexing					TDD




					Modulation					Up to 1024 QAM




					Numerology					78.125 kHz SCS




					Simulation bandwdith					20 MHz




					Transmission scheme					SU-MIMO




					SU dimension					up to 4 layers




					Antenna configuration at TRxP					8R, (8,4,2,1,1; 1,4)




					Antenna configuration at UE					8T, (1,4,2,1,1; 1,4)




					Receiver					Kbest




					Channel estimation					Non-ideal









					System configuration parameters




					Carrier frequency for evaluation					4 GHz




					UE speeds of interest					10 km/h




					TRxP number per site					3




					Mechanic tilt 					110° in GCS




					Electronic tilt					90° in LCS




					Handover margin (dB)					1




					Wrapping around method					Geographical distance based wrapping




					Criteria for selection for serving TRxP					Maximizing RSRP where the digital beamforming is not considered 









					Other system configuration parameters align with Report ITU-R M.2412









&G	&F	文档密级





&D	华为保密信息,未经授权禁止扩散	第&P页，共&N页










LLS_Assumptions




					Indoor Hotspot - eMBB					EUHT




					Technical configuration Parameters					4GHz, 10km/h




					Carrier frequency					4GHz




					Waveform					CP-OFDM




					Duplexing					TDD




					Evaluated service profiles					Full buffer best effort




					Simulation bandwidth					20 MHz




					Frame structure					Full uplink




					Number of users in simulation					1




					Link-level Channel model					TDL-iii




					UE speed					10 km/h




					Subcarrier spacing					78.125 kHz




					Antenna configuration at TRxP					8R




					Antenna configuration at UE					8T




					TXRU pattern at TRxP					Option 1: 0dBi Omni-directional




					TXRU pattern at UE					Option 1: 0dBi Omni-directional




					Transmission mode					SU-MIMO




					TRxP receiver type					Kbest
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Mobility_4GHz_12TRxP




					Channel model A					RIT					Antenna config & Tx scheme					Numerology					Req.										Channel cond.					   Result 




					UL mobility					TDD




										EUHT					8x8 SU-MIMO					78.125 kHz SCS					Normalized traffic channel link data rate (bit/s/Hz)					1.5					NLOS					7.20
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image40.emf


UserExpDataRate.zip






UserExpDataRate.zip






UserExperiencedDataRate.xlsx



DL_Para_4GHz




					Dense Urban - eMBB					EUHT




					Technical configuration Parameters					Configuration A




					Multiple access					OFDMA




					Duplexing					TDD




					Network synchronization					Synchronized




					Modulation					Up to 1024 QAM




					Coding on DL TCH					LDPC




					Numerology					78.125 kHz SCS




					Simulation bandwdith					20MHz




					Frame structure					DL:UL = 2:1




					Transmission scheme					Adaptive SU/MU-MIMO




					MU dimension					Maximum factor of 4




					SU dimension					Up to 8 layers




					DL-SCH transmission					8 DL-SCH ports in 20MHz bandwidth; 2symbols per 20ms




					CSI feedback					CSI: every 20ms




					Interference measurement					SU-CQI




					ACK/NACK delay					Current frame




					Re-transmission delay					Next available frame




					Antenna configuration at TRxP					8Rx, (8,4,2,1,1; 1,4)




					Antenna configuration at UE					8Tx, (1,4,2,1,1; 1,4)




					Scheduling					PF




					Receiver					Kbest




					Channel estimation					Non-ideal









					System configuration parameters




					TRxP number per site					3




					Mechanic tilt 					110° in GCS




					Electronic tilt					90° in LCS




					Handover margin (dB)					1




					Wrapping around method					Geographical distance based wrapping




					Criteria for selection for serving TRxP					Maximizing RSRP where the digital beamforming is not considered









					Other system configuration parameters align with Report ITU-R M.2412














&G	&F	文档密级





&D	华为保密信息,未经授权禁止扩散	第&P页，共&N页










UL_Para_4GHz




					Dense Urban - eMBB					EUHT




					Technical configuration Parameters					Configuration A




					Multiple access					OFDMA




					Duplexing					TDD




					Network synchronization					Synchronized




					Modulation					Up to 1024 QAM




					Coding on UL TCH					LDPC




					Numerology					78.125 kHz SCS




					Simulation bandwdith					20 MHz




					Frame structure					DL:UL = 2:1




					Transmission scheme					Adaptive SU/MU-MIMO




					MU dimension					Maximum factor of 4




					SU dimension					Up to 4 layers




					UL-SCH transmission					8 UL-SCH  ports in 20MHz bandwidth; 2 symbols per 20ms




					Antenna configuration at TRxP					8Rx, (8,4,2,1,1; 1,4)




					Antenna configuration at UE					8Tx, (1,4,2,1,1; 1,4)




					UL re-transmission delay					Next available frame




					Scheduling					PF




					Receiver					Kbest




					Channel estimation					Non-ideal




					Power control parameter					P0=-60, alpha = 0.6









					System configuration parameters




					TRxP number per site					3




					Mechanic tilt 					110° in GCS




					Electronic tilt					90° in LCS




					Handover margin (dB)					1




					Wrapping around method					Geographical distance based wrapping




					Criteria for selection for serving TRxP					Maximizing RSRP where the digital beamforming is not considered 









					Other system configuration parameters align with Report ITU-R M.2412









&G	&F	文档密级





&D	华为保密信息,未经授权禁止扩散	第&P页，共&N页










DL_OH




					Dense Urban - eMBB										DL_OH_Para					DL_OH
(symbols/20ms)




					Overhead assumption										EUHT TDD




					IMT bands					CCH					1 symbol per 2ms (per frame)					10




										DL-SCH					2symbols per 20ms, 8 ports for 8Tx					2




										DRS					For 8Tx: Up to 8 ports; 12 symbols per 2ms					120




										GI					1  symbol per 2ms					10




										Preamble					1 short preamble  symbol and 1 long preamble symbol per 2ms					20




										SICH					1 symbol per 2ms					10




										Total symbols					93 symbols per 2ms					930




										Total OH										172




										Total OH (%)										18.49%









					Assumption: 20 MHz BW, 78.125kHz SCS, 20ms duration









&G	&F	文档密级





&D	华为保密信息,未经授权禁止扩散	第&P页，共&N页










UL_OH




					Dense Urban - eMBB										UL_OH_Para					UL_OH (symbols/20ms)




					Overhead assumption										EUHT TDD




					IMT bands					UL-SRCH					2 symbols per 20ms (per 10 frames)					2




										USCH					1 symbol per 2ms (per frame)					10




										DRS					For 8Tx: Up to 8 ports;   6 symbols per 2ms					60




										UL-SCH					20 ms period, 8 ports for 8Tx; 2symbols per 20ms					2




										GI					1  symbol per 2ms					10




										Total symbols					46 symbols per 2ms					460




										Total OH										84




										Total OH (%)										18.26%














					Assumption: 20 MHz BW, 78.125kHz SCS, 20ms duration




																									 









&G	&F	文档密级





&D	华为保密信息,未经授权禁止扩散	第&P页，共&N页










Results




					Channel model A					RIT					Detailed config. For multi-band/layer					Antenna config & Tx scheme					Numerology					Frame structure					Req.										Nufront




					DL user experienced data rate					Configuration A




										EUHT					4 GHz macro layer					8x8 Adaptive SU/MU-MIMO					78.125 kHz SCS					DL:UL = 2:1					User experienced data rate (Mbit/s)					100					110.0




																																			System bandwidth on 4 GHz (MHz)										300









					UL user experienced data rate					Configuration A




										EUHT					4 GHz macro layer					8x8 Adaptive SU/MU-MIMO					78.125 kHz SCS					DL:UL = 2:1					User experienced data rate (Mbit/s)					50					68.0




																																			System bandwidth on 4 GHz (MHz)										600
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image41.emf


Reliability.zip






Reliability.zip






Reliability - UrbanMacro-URLLC.xlsx



DL_SLS_Para




					Urban Macro - URLLC  DL					Nufront EUHT




					Technical configuration Parameters					Config A (4 GHz)




					Multiple access					OFDMA




					Duplexing					TDD




					Modulation					QPSK




					Numerology					78.125 kHz SCS




					Simulation bandwdith					20 MHz




					Frame structure					DL:UL = 2:1




					DLTransmission scheme					SU-MIMO




					DL MU dimension					N/A




					DL SU dimension					1




					Antenna configuration at TRxP					8Tx, (8,4,2,1,1; 1,4)




					Antenna configuration at UE					2Rx, (1,1,2,1,1; 1,1)




					Scheduling					PF




					Receiver					Kbest




					Channel estimation					Non-ideal









					System configuration parameters




					Carrier frequency for evaluation					4 GHz




					UE speeds of interest					for indoor 3 km/h, for outdoor 30 km/h




					TRxP number per site					3




					Mechanic tilt 					90° in GCS (pointing to horizontal direction)




					Electronic tilt					99 degree




					Handover margin (dB)					1




					Wrapping around method					Geographical distance based wrapping




					Criteria for selection for serving TRxP					Maximizing RSRP where the digital beamforming is not considered 




					Other system configuration parameters align with Report ITU-R M.2412









&G	&F	文档密级





&D	华为保密信息,未经授权禁止扩散	第&P页，共&N页










DL_LLS_Para




					Urban Macro - URLLC  DL					Nufront EUHT




					Technical configuration Parameters					Config A (4 GHz)




					Carrier frequency for evaluation					4 GHz




					Waveform					CP-OFDM




					Numerology					78.125 kHz SCS




					Simulation bandwdith					20 MHz




					Channel model					TDL-iii




					Scaled delay spread					363ns




					UE Speed					for indoor 3 km/h, for outdoor 30 km/h




					Antenna configuration at TRxP					8T




					Antenna configuration at UE					2R




					TXRU pattern at TRxP					0dBi Omni-directional




					TXRU pattern at UE					0dBi Omni-directional




					TCH Transmission mode					SU-MIMO 




					TCH Modulation and coding					LDPC with code rate = 4/7, QPSK
Repetition 12




					Channel estimation					Realistic




					CCH transmission scheme					56 bit payload includes CRC




					CCH Modulation and coding					TBCC with code rate = 1/2, QPSK
Repetition 12




					Packet size 					256 bit




					DRS configuration					2 symbols
































































UL_SLS_Para




					Urban Macro - URLLC  UL					Nufront EUHT




					Technical configuration Parameters					Config A (4 GHz)




					Multiple access					OFDMA




					Duplexing					TDD




					Modulation					QPSK




					Numerology					78.125 kHz SCS




					Simulation bandwdith					20 MHz




					Frame structure					DL:UL = 2:1




					UL Transmission scheme					SU-MIMO




					UL SU dimension					1




					Antenna configuration at TRxP					8Rx, (8,4,2,1,1; 1,4)




					Antenna configuration at UE					2Tx, (1,1,2,1,1; 1,1)




					Scheduling					PF




					Receiver					Kbest




					Channel estimation					Non-ideal









					System configuration parameters




					Carrier frequency for evaluation					4 GHz




					TRxP number per site					3




					Mechanic tilt 					90° in GCS (pointing to horizontal direction)




					Electronic tilt					99 degree




					Handover margin (dB)					1




					Wrapping around method					Geographical distance based wrapping




					Criteria for selection for serving TRxP					Maximizing RSRP where the digital beamforming is not considered 




					Other system configuration parameters align with Report ITU-R M.2412









&G	&F	文档密级





&D	华为保密信息,未经授权禁止扩散	第&P页，共&N页










UL_LLS_Para




					Urban Macro - URLLC  UL					Nufront EUHT




					Technical configuration Parameters					Config A (4 GHz)




					Carrier frequency for evaluation					4 GHz




					Waveform					CP-OFDM




					Numerology					78.125 kHz SCS




					Simulation bandwdith					20 MHz




					Channel model					TDL-iii(NLOS)




					Scaled delay spread					363ns(NLOS)




					UE Speed					for indoor 3 km/h, for outdoor 30 km/h




					Antenna configuration at TRxP					8R




					Antenna configuration at UE					2T




					TXRU pattern at TRxP					0dBi Omni-directional




					TXRU pattern at UE					0dBi Omni-directional




					TCH Transmission mode					SU-MIMO




					TCH modulation and coding					LDPC with code rate = 4/7, QPSK
Repetition 8




					Channel estimation					Realistic




					Packet size 					256 bit




					DRS configuration					2 symbols














5%_SINR_4GHz




					Source					Nufront  EUHT																																			Source					Nufront  EUHT




					5%-tile SINR (dB)					-2.4559																																			5%-tile SINR (dB)					-7.6718









					DL SINR  CDF (%)					DL SINR (dB)																																			UL SINR  CDF (%)					UL SINR (dB)




					0					-13.0620																																			0					-22.2407




					1					-5.6520																																			1					-16.8938




					2					-4.3087																																			2					-14.3200




					3					-3.4110																																			3					-10.8747




					4					-2.8601																																			4					-9.6408




					5					-2.4559																																			5					-7.6718




					6					-2.1055																																			6					-6.1915




					7					-1.7742																																			7					-5.0788




					8					-1.4868																																			8					-3.7593




					9					-1.2163																																			9					-3.0067




					10					-0.9422																																			10					-2.4918




					11					-0.7393																																			11					-2.2027




					12					-0.5348																																			12					-1.8161




					13					-0.3417																																			13					-1.5066




					14					-0.1567																																			14					-1.1661




					15					0.0195																																			15					-0.9601




					16					0.2138																																			16					-0.6991




					17					0.3664																																			17					-0.3638




					18					0.5443																																			18					-0.1314




					19					0.7274																																			19					0.0230




					20					0.8922																																			20					0.1900




					21					1.0771																																			21					0.3773




					22					1.2595																																			22					0.4779




					23					1.4464																																			23					0.5755




					24					1.5911																																			24					0.7510




					25					1.7553																																			25					0.8433




					26					1.9534																																			26					1.0092
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1 Scope 



This specification specifies the media access control and physical layer for Enhanced Ultra High 
Throughput (EUHT) technology, including system reference model, structure, frame format and function 
of media access control layer, physical layer, etc.  



2 Terms and definitions 



The following terms and definitions apply to this specification. 



2.1 medium access control protocol data unit 



A data unit exchanged between two peer MAC entities using PHY layer services.  



2.2 MAC management protocol data unit 



A data unit exchanged between two peer MAC entities for implementing a MAC management protocol.  



2.3 MAC service data unit 



Information delivered as a unit between MAC service access points. 



2.4 central access point 



An entity to provide access service to the station for access. 



2.5 station 



A terminal device that has a MAC and PHY function interface and can communicate with the CAP. 



2.6 modulation and coding scheme 



A combination of specific modulation schemes and coding rates employed on the spatial stream. 



2.7 beam forming 



A technique for pre-processing transmitted data in accordance with known channel conditions. 



2.8 spatial stream 



A data stream that is spatially transmitted in parallel. 



2.9 spatial time stream 



A spatial-time encoded stream after space-time coding of the spatial stream. 
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2.10 group acknowledgement 



The way to feedback acknowledgement information in batch. 



2.11 short preamble sequence 



Training sequence for automatic gain control and coarse synchronization.  



2.12 long preamble sequence 



Training sequence for fine synchronization and channel estimation. It also called common reference 
signal(CRS). 



2.13 system information channel 



A physical channel containing system information such as frame structure allocation. 



2.14 control channel 



A physical channel containing user’s uplink and downlink transmission scheduling information. 



2.15 downlink sounding channel 



A physical channel used to transmit downlink sounding signals and complete downlink channel 
measurements. 



2.16 uplink sounding channel 



A physical channel used to transmit uplink sounding signals and complete uplink channel measurements. 



2.17 uplink scheduling request channel 



A physical channel used to transmit uplink scheduling request signals. 



2.18 uplink random access channel 



The physical channel used to transmit uplink random access signals.  



2.19 downlink traffic channel 



A physical channel used to transmit user’s downlink service data and control information.  



2.20 uplink traffic channel 



A physical channel used to transmit user’s uplink service data and feedback information. 



2.21 downlink guard interval 



A guard interval in the physical layer frame structure for downlink to uplink conversion. 
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2.22 uplink guard interval 



A guard interval in the physical layer frame structure for uplink to downlink conversion. 



2.23 resource unit 



A resource unit contains 16 data subcarriers, which is the minimum allocable unit for each STA in 
frequency domain.  



3 Abbreviation 



For the purposes of this document, the following abbreviations apply. 



ACK: Acknowledgement 



BCC: Binary Convolutional Code 



BCF: Broadcasting Control Frame 



BFM: Beam forming Matrix 



BPSK: Binary Phase Shift Keying 



BS: Buffer Size 



BSTAID: Broadcasting STAID 



CAP: Central Access Point 



CCH: Control Channel 



CP: Cyclic Prefix 



CQI: Channel Quality Information 



CRC: Cyclic Redundancy Check 



CSI: Channel State Information 



DL-SCH: Downlink Sounding Channel  



DL-TCH: Downlink traffic channel  



DSA: Dynamic Service Addition 



DSC: Dynamic Service Change 



DSD: Dynamic Service Delete 



EQM: Equal Modulation 



EUHT: Enhanced Ultra High Throughput  



FCS: Frame Check Sequence 



FFT: Fast Fourier Transform 



FID: Flow ID 



FPI: Feedback Pilot Interval 



FSN: Fragment Sequence Number 



G-MPDU: Group MPDU 



Group Ack: Group Acknowledgement 



IFFT: Inverse Fast Fourier Transform  



IP: Internet Protocol 



IACK: Instant Acknowledgement 
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LDPC: Low Density Parity Code 



L-Preamble: Long Preamble 



LSB: Least Significant Bit 



MAC: Media Access Control 



MCS: Modulation and Coding Scheme 



MIMO: Multiple Input Multiple Output 



MME: Mobility Management Entity 



MMPDU: MAC Management Protocol Data Unit 



MPDU: MAC Protocol Data Unit 



MSB: Most Significant Bit 



MSDU: MAC Service Data Unit 



MU-MIMO: Multiple User MIMO 



OFDM: Orthogonal Frequency Division Multiplexing 



OFDMA: Orthogonal Frequency Division Multiplexing Access 



PDU: Protocol Data Unit 



PHY: Physical layer 



PICS: Protocol implementation consistent assertion  



PN: Pseudo Noise 



QAM: Quadrature Amplitude Modulation 



QoS: Quality of Service 



QPSK: Quadrature Phase Shift Keying 



RA: Random Access 



REQ: Request 



RMS: Root Mean Square 



RSP: Response 



RU:   Resource Unit 



SAP: Service Access Point 



SBC: STA Basic Capability 



SCG: Service Control Gateway 



SDU: Service Data Unit 



SICH: System Information Channel 



SINR: Signal to Interference Noise Ratio 



SN: Sequence Number 



SNR: Signal to Noise Ratio 



S-Preamble: Short Preamble 



SSN: Starting Sequence Number 



STA: Station ( Termimal) 



STAID: STA Identifier 



STBC: Space Time Block Code 



SU-MIMO: Single User MIMO 
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TDD: Time Division Duplexing 



TRN:  Training sequence 



TSTAID: Temporary STAID 



UEQM: Unequal Modulation 



UGI: Uplink Guard Interval 



UL-RACH: Uplink Random Access Channel 



UL-SCH: Uplink Sounding Channel 



UL-SRCH: Uplink Schedule Request Channel 



UL-TCH: Uplink traffic channel 



WAPI: WLAN Authentication and Privacy Infrastructure 



4 System reference model 



The system reference model is shown in Figure 1. The main functions of each layer are as follows: 



a) The MAC layer includes the adaptation sublayer and MAC sublayer: 



—— Adaptation sublayer: It mainly provides the function of mapping and conversion between 
external network data and MAC layer service data unit (MSDU) in this part; 



—— MAC sublayer: In addition to acting as the Media Access Control, it also includes 
management and control functions of the system and supports specific functions of the PHY.  



b) The PHY layer mainly provides a PHY transmission mechanism that maps the MAC Protocol Data 
Unit (MPDU) to the corresponding physical channel, using Orthogonal Frequency Division Multiplexing 
(OFDM) and Multiple Input Multiple Output (MIMO) technologies.  



MAC sublayer



PHY layer



Management 



and control 



plane



MAC layer



Adaptation sublayer



Adaptation sublayer SAP



MAC sublayer SAP



PHY SAP



PHY layer



 



Figure 1 System reference model 



5 Media Access Control layer 



5.1 General 



The MAC layer is used to manage and control the allocation and sharing of Physical Layer transmission 



resources among multiple users. The functional composition is shown in Figure 2. The MAC layer defined 



in this specification has the following characteristics: 



-- The system uses centralized control architecture for multi-user scheduling; 



-- The system MAC layer provides connection-oriented services for initial access process.  
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Figure 2 Functions of MAC layer 



5.2 Adaptation sublayer 



The MAC layer is divided into the adaptation sublayer and the MAC sublayer, and the former uses the 
services provided by the latter. The adaptation sublayer completes the functions as follows: 



- receive Service Data Unit (SDU) from the upper layer; 



- QoS classification of the received upper SDUs; 



- For the service data unit whose QoS classification is completed, the header can be compressed as 
needed; when the service stream information is established, the header compression function can 
be switched on or off in the form of dynamic modification; 



- Data encryption and decryption of the SDU; 



- For services with low time delay and high reliability, in addition to improve reliability by the multi-
connection service replication and arbitration mechanism at the application layer, service 
identification can also be carried out in the adaptation sublayer and the multi-connection transmission 
mode can be constructed therein. The multi-connection mode can be activated or deactivated by 
dynamic modification of the service flow information. If the multi-connection mode is enabled for the 
special type of service identified above, multiple copies of the message can be created by the 
message copy mode in the adaptation sublayer, and it is possible to schedule multiple copies of the 
same message in different physical resources in the frame to improve transmission reliability, and 
repeat message detection in the adaptation sublayer of the receiver to avoid duplicate message 
delivery.  



- send the PDU of the adaptation sublayer generated by this layer to the MAC sublayer; 



- receive the SDU of the adaptation sublayer in the peer entity. 



5.3 MAC sublayer 



The basic functions of the MAC sublayer are distinguished in the management control plane and the data 
plane. 



The management control plane has the following functions: 



a) System configuration: it manages system configuration and exchange system configuration 
information with the station. 



b) Radio resource management: it mainly performs the service scheduling function to allocate 
resources based on service parameters and channel conditions, and has functions such as load 
balancing and access control. 
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c) Mobility management: Mobility management of the idle and connected state of the STA.  



d) Network access and security management: responsible for initializing and accessing processes, 
generating the information required for the access process, including access code selection, 
capability negotiation, and so on. Assist the MME entity to realize two-way authentication between 
the mobile station and the network;  



e) QoS management: it manages the QoS parameters of the service and maintains the establishment, 
modification and deletion of each service stream. 



f) Power saving management: it manages STAs without service to enter the sleep state, and return 
from the sleep state to the active state. 



g) PHY control, mainly including the following sub-functions: 



1) Channel management: including channel switching, management spectrum measurement and 
message reporting; 



2) Transmission mode management: channel sounding mechanism, and MIMO working mode 
selection; 



3) Link adaptation: 



- CQI measurement and feedback; 



- MCS selection and feedback; 



- Power control and management. 



The data plane has the following functions: 



- Instant frame acknowledgement (IACK)): The instant frame acknowledgement mechanism between 



the uplink and downlink scheduling periods of adjacent physical frames is an important measure to 
reduce the time delay, and complete acknowledgement and re-transmission operations for the 



MPDU of the MAC layer or for the fragmented/ aggregated MPDU, see section 7.9;  



- Fragmentation / reassembly: according to the scheduling result, the upper layer service data unit is 
fragmented and sent to the next processing module, and multiple fragments are reassembled and 
restored at the receiving end; 



- MPDU generation: it encapsulates the upper layer service units into the basic MAC frames, and then 
sends to the next processing module; 



- MPDU aggregation: the sender aggregates the upper layer service data unit according to the 
scheduling result. 



5.4 Status of STA 



See Figure 3 for the basic state transition of the STA in this system. In the state transition diagram, 



the STA has four states, i.e. initial state, access state, connection state, and idle state, see below:  



- Initial state: After the STA is powered on, search for the physical frame pilot to get system 



synchronization;  



- Access state:  The STA needs to get synchronization, and then access the process randomly or by 



capability negotiation. It includes three sub-states: 



a) State of waiting for resource allocation requested by random access: after the STA sends the 
random access code, it transits to the state of waiting for resource allocation requested by random access, 
and waits for the CAP side to allocate the CCH for sending the subsequent random access request;  



b) State of waiting for random access response: the STA uses the resources allocated by the CAP to 
send a random access request frame and transits to the state of waiting for random access response;  



c) State of waiting for capability negotiation response: after the STA receives the random access 
response information and the allocated CCH, the STA sends the capability negotiation request frame and 
transits to the state of waiting for capability negotiation response.  
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- Connecting state: service running state, in which, reserved resources are allocated to users to 



apply for resources by taking uplink ACK resources in downlink services; response stream can be 



changed and request can be deleted; STA can transit to sleep state after receiving the sleep 



request; the user can quit the network after receiving the quit network frame and return to the initial 



state.  



- Idle state: when the STA is not accessed to any connection, it enters the idle state; at this time, it 



can enter sleep mode, and it has the ability to be woke up immediately;  



State transition conditions see Table 1.  



 



Table 1 State transition conditions 



No. Transition 
State before 



transition 
State after 
transition 



Transition condition 
description 



1 
Send random 
access code 



Initial state 



Waiting for 
resource allocation 
requested by 
random access 



STA sends random access 
code 



2 
Send random 
access request 



Waiting for 
resource allocation 
requested by 
random access 



Waiting for random 
access response 



STA receives the CCH 
allocated by the random 
access request resource, and 
sends random access request.  



3 
Random access 
succeeded  



Waiting for random 
access response 



Waiting for 
capability 
negotiation 
response  



STA receives the random 
access response frame sent 
by the CAP. 



4 
Service stream is 
completed for 
construction  



Waiting for 
capability 
negotiation 
response 



Connecting state  



CAP responses to the stream 
establishing request of the 
STA to establish a service 
stream for the user and 
allocate reserved resources for 
the user.  



5 Quit the network Connecting state Initial state 
The CAP receives the quit 
network request, responses 
the user, and deletes the user.  



6 
Service stream 
deletion 



Connecting state Idle state 



After all the service 
connections of the STA are 
deleted, the STA transits to idle 
state.   



7 
Establishment of 
service stream  



Idle state Connecting state 



If the STA in idle state 
establishes a service stream, it 
transits to the connecting 
state. 



8 
Stream 
modification, 
deletion 



Connecting state Connecting state 
service stream management 
operation requested by the 
STA  



9 Timeout I 



Waiting for 
allocation 
requested by 
random access 



Initial state 
Timeout after sending random 
access request for resource 
allocation  



10 Timeout II 
Waiting for random 
access response 



Initial state 
Timeout of random access 
response 
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No. Transition 
State before 



transition 
State after 
transition 



Transition condition 
description 



11 Timeout III 



Waiting for 
capability 
negotiation 
response 



Initial state 
Timeout of capability 
negotiation response  



12 Timeout IV Connecting  Initial state 
Timeout of stream 
establishment  



The STA state transition is shown in Figure 3 



Waiting for resource 



allocation requested by 



random access



Waiting for random access 



response



   Waiting for capability 



negotiation response



2. Send random access request



1. Send random access code



Access status



3. Random access succeeded



    Initial state



9. Timeout I



10. Timeout II



11. Timeout III



Connecting 



state
     Idle state



5. Quit network



12. Timeout IV



8. Stream modification, deletion



6. Service stream deletion



7. Establish service stream



4. Service stream established



 



Figure 3 STA state transition -  media access control frame format 



6 MAC frame format 



6.1 General MAC frame format 



6.1.1 Overview of the general MAC frame format 



The frame format of the MAC Protocol Data Unit (MPDU) is shown in Figure 4. Each MPDU can be 



divided into three parts: part one is a fixed-length general MAC header; part two is the payload carried 
by the MPDU; and part three is the frame check sequence (FCS) information. 



Bits involved in all field of the MAC frame are numbered in a sequence from low to high and sent to the 
Physical Layer in this sequence. The bits in one byte are transmitted to the Physical Layer in the order 
from the least significant bit (LSB) to the most significant bit (MSB). The bits contained in the same byte 
correspond to decimal numbers in order from low to high, for example, b9~b11=000, corresponding to 0; 
b9~b11=001, corresponding to 4. 
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Frame 



control
Frame body FCS



Fragment 



Sequence 



Number



LengthSeq. Nr.



MAC header (6 bytes)



Reserved



Bit： 16 1234 12



0 - 4095 bytes 4 bytes



Fragment 



indication



1
 



Figure 4 General MAC frame format 



6.1.2 Frame control field 



6.1.2.1 Frame control field overview 



The frame control field contains the following: protocol version, frame type, subtype, Flow ID (FID), re-



transmission indication and reservation. The specific format is shown in Figure 5. All MAC frames contain 



the frame control field. 



 



Protocol version Frame type Subtype ReservedFlow ID



Frame control (2 bytes)



Bit： 2 1 5 4 1



re-



transmission 



indication



3
 



Figure 5 Frame control field 



6.1.2.2 Protocol version field 



The protocol version field is 2 bits long and always has the same length and position in all revisions of 
this specification. For this specification, the protocol version value is 0 and all other values are reserved. 



6.1.2.3 Frame type and subtype fields 



The frame type field has a length of 1 bit, and the subtype field has a length of 5 bits. Both fields 
collectively identify the function of the frame. There are two frame types: management control type and 



data type. Each frame type is subdivided into several subtypes. Table 2 defines various valid 



combinations of types and subtypes. 



Table 2 Combinations of valid types and subtypes 



Type 



b2 



Type 
description 



Subtype 



b7 b6 b5 b4 b3 
Subtype description 



0 
Management/ 



control 



00000 Broadcasting control frame (BCF) 



00001 Random access request frame (RA-REQ) 



00010 Random access response frame (RA-RSP) 



00011 STA basic capability request frame (SBC-REQ) 



00100 STA basic capability response frame (SBC-RSP) 
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00101 Dynamic service addition request frame (DSA-REQ) 



00110 Dynamic service addition response frame (DSA- RSP) 



00111 Dynamic service change request frame (DSC-R EQ) 



01000 Dynamic service change response frame (DSC-RSP) 



01001 Dynamic service delete request frame (DSD-REQ) 



01010 Dynamic service delete response frame (DSD-RSP) 



01011 Independent resource request frame (RES-REQ) 



01100 
Multiple input multiple output feedback frame based on 
channel state information (CSI-MIMO) 



01101 Channel quality information feedback frame (CQI-FB) 



01110 Reserved 



01111 
Feedback frame based on beamforming matrix (BFM 
MIMO) 



10000 Acknowledgement frame (ACK) 



10001 Group acknowledgement request frame (Group AckReq) 



10010 Group acknowledgement frame (Group Ack) 



10011 Quit network frame (Quit) 



10100 Channel switching information frame (CSW - INF) 



10101 Sleep request frame (SLP-REQ) 



10110 Sleep response frame (SLP-RSP) 



10111 Downlink traffic indication frame (DTF-IND) 



11000〜11111 Reserved 



1 Data 



00000 Data frame (DATA) 



00001 Data padding frame (PAD DATA) 



00010〜11111 Reserved 



6.1.2.4 Flow ID (FID) field 



The length of the FID field is 4 bits. 0000 is used for management control stream, and 0001~1111 is for 
the data streams. 



6.1.2.5 Re-transmission indication field 



The re-transmission indication field is 1 bit in length. If the current frame is a re-transmission frame of the 
previous frame, the field is set to 1; otherwise, it is set to 0. 



6.1.2.6 Reserved field 



The reserved field is 3 bits, default of 0. 











 



 Nufront (Beijing) Technology Group Co., Ltd.    12 



6.1.2.7 Fragment sequence number field 



The fragment sequence number field is 4 bits long and used to indicate the number of each fragment of 
the MSDU/MMPDU. The value ranges from 0 to 15. When the MSDU/MMPDU has only one fragment, 
the FSN is 0; when the MSDU/MMPDU has multiple fragments, the first FSN is 0. The FSN of different 
fragments of the same MSDU/MMPDU is incremented by 1. In the instant acknowledgement mode, the 
fragment sequence number can be wrap-around, that is, after the FSN 15 is acknowledged, it counts 
from 0 subsequently.  



6.1.2.8 Sequence number field 



The sequence number field is 12 bits long and has a value range of 0 to 4095 to indicate the sequence 
number of the MSDU/MMPDU. All transmitted MSDU/MMPDUs in an FID stream are assigned a 
sequence number. The first MSDU/MMPDU sequence number is 0, and the sequence number of different 
MSDU/MIVIPDUs in the same FID is incremented by 1. 



6.1.2.9 Reserved 



The reserved field is 3 bits, default of 0. 



6.1.3 Fragment indication field 



The fragment indication field is 1 bit in length. In all data frames or management control frames with 
sequence numbers, if the current MSDU/MMPDU still has any fragment after the current frame, the field 
is set to 1; otherwise, the field is set to 0. 



6.1.4 Length field 



The length field is 12 bits, which indicates the total byte length of all fields between the MAC header field 
and FCS field. 



6.1.5 Frame body field 



The length of the frame body field is variable, the minimum frame body length is 0 byte, and the maximum 
frame body length is 4095 bytes.  



6.1.6 Frame check sequence field 



The FCS field is 32 bits, containing a 32-bit CRC. The FCS is calculated from the MAC header and the 
entire field of the frame body. 



The FCS is calculated using the standard polynomial of degree 32. See Equation 1: 



 𝐺(𝑥) = 𝑥32 + 𝑥26 + 𝑥23 + 𝑥22 + 𝑥16 + 𝑥12 + 𝑥11 + 𝑥10 + 𝑥8 + 𝑥7 + 𝑥5 + 𝑥4 + 𝑥2 + 𝑥 + 1   (Equation 1) 



The initial state of the register is 0xFFFFFFFF, and the register state is inverted as the FCS field output 
after the end of the operation. The FCS field transmits in the order from high order to low. 



6.2 Data frame 



6.2.1 Data frame format 



The format of the data frame is shown in Figure 6. 
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MAC header (6 bits)



 



Bit:  16                   4                12             1                   1                      1                1                  12



Frame 



control



Fragment 



Sequence 



Number



FCS
Frame body



0 - 4095 bytes 4 bytes



Seq. Nr Reserved



Channel-



associated 



request 



indication



Fragment 



indication
Length



Instant/ 



delayed 



acknowledg



ment



 



Figure 6 Data frame format 



6.2.2 Reserved field 



The field is 1 bit long, and default of 0. 



6.2.3 Channel-associated request indication field 



The channel-associated request indication field is 1 bit in length. If the field is 1, it indicates that a channel-
associated resource request field will be added at the forefront of the frame body; if the segment is 0, it 
indicates that there is no channel-associated resource request field. 



6.2.4 Instant / delayed acknowledgement field 



Instant /delayed acknowledgement field is 1 bit long. If the field is 1, it indicates that the sender notifies 
the receiver to immediately acknowledge all data frames that are not acknowledged when receiving the 
frame. If the field is 0, it indicates that the sender allows the receiver to delay the acknowledgement of 
the frame when receiving it. 



6.2.5 Data padding frame 



When the type is 1, and the subtype is 00001, it indicates that this is a data padding frame. At this time, 
the frame body is invalid data, and only used as a placeholder.   



6.3 Management control frame 



6.3.1 General 



The management control frame is divided into the management control frames with and without the 
sequence number. 



The management control frame without sequence number includes: random access request frame, 
random access response frame, STA basic capability request frame, STA basic capability response 
frame, dynamic service addition request frame, dynamic service addition response frame, dynamic 
service change request frame, dynamic service change response frame, dynamic service delete request 
frame, dynamic service delete response frame, independent resource request frame, ACK frame, Group 
AckReq frame, Group Ack frame, quit network frame, channel switching information frame, sleep request 
frame, sleep response frame, downlink traffic indication frame, CM-REQ, CM-RSP, HO-REQ, HO-CMD 
and extensible TLV frame.  



The management control frame with sequence number includes the BCF frame, CSI-MIMO frame, BFM-
MIMO frame, CQI-FB frame, and CM-REP frame. 
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6.3.2 General frame format of management control frame without sequence number 



General frame format of management control frame without sequence number is shown in Figure 7. 



Frame 



control
Frame body FCS



2 bytes 4 bytes



 



Figure 7 General frame format of management control frame without sequence number 



6.3.3 General frame format of management control frame with sequence number 



General frame format of management control frame with sequence number is shown in Figure 8 . 



MAC header (6 bits)



 



Bit:    16                   4              12             3                   1               12



Frame 



control



Fragment 



Sequence 



Number



FCS
Frame body



0 - 4095 bytes



Seq. Nr Reserved
Fragment 



indication
Length



4 bytes



 



Figure 8 General frame format of management control frame with sequence number 



6.3.4 Management control frame definition 



6.3.4.1 Broadcast control frame 



BCFs are used for CAP broadcast capabilities. 



The frame body contains fixed and extensible parts. See Table 3 for information of the fixed part. The 



extensible part can be in a TLV structure. 



Table 3 Fixed part of BCF frame body 



Information Length/ bit Remarks 



CAP-MAC address 48 Unique identifier of the CAP 



Working channel 
number 



8 The minimum channel number occupied by the CAP 



work bandwidth 2 



Working bandwidths for broadcasting CAP:  



0: working bandwidth 1 in working bandwidth mode; 



1: working bandwidth 2 in working bandwidth mode; 



2: working bandwidth 4 in working bandwidth mode; 



3: Reserved 



CAP end antenna 
configuration 



3 



Indicates the antenna configuration at maximum on the CAP 
side, 



0:1 antenna; 
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1:2 antennas; 



2:3 antennas; 



3:4 antennas; 



4:5 antennas; 



5:6 antennas; 



6:7 antennas; 



7: 8 antennas; 



Reserved 3 Default of 0. 



Network identifier 
length 



8 
The valid length of the network identifier field. The value 
ranges from 1 to 31, in bytes. 



Network identifier 248 
A string started with a letter or number, with the maximum 
length of 31 bytes. 



Time stamp 64 
Provides a public clock within the CAP for system 
synchronization during STA initialization, unit: μs 



BCF interval 16 
Indicates the time cycle in which the BCF frame appears, unit: 
ms 



The minimum backoff 
window for Random 
Access 



4 
Used for the control of the backoff window for Random 
Access, and the value of the minimum backoff window ranges 
within 0~2n-1 



The minimum backoff 
window for scheduling 
request 



4 
Used to control the backoff window of the collision-based 
resource request, and the minimum window value ranges 
within 0~2n-1 



Table 3 (Continued) 



Information Length/ bit Remarks 



The maximum backoff 
window for Random 
Access 



8 Used for the control of the backoff window for Random Access, 
and the value of the maximum backoff window ranges within 
0~2n-1 



The maximum backoff 
window for scheduling 
request 



8 Used to control the backoff window of the collision-based 
resource request, and the maximum window value ranges within 
0~2n-1 



CAP transmit power 



8 Indicates the current transmit power of the CAP, 



The signed decimal number of the field is n, n = -128~127 (the 
negative part is represented in the complement form): the 
transmit power of CAP is n dBm 



Reserved 5 Default of 0 



Downlink sounding pilot 
pattern 



3 Indicates the downlink sounding pilot pattern index (table F.1) 



Position of the downlink 
sounding channel 



8 Indicates the position of the downlink sounding channel in the 
DL-TCH. The field corresponds to a decimal number of n and 
n=0-255. The downlink sounding channel divides the DL-TCH 
into the front and rear parts, and the latter part has n OFDM 
symbols.  



Demodulation 
reference signal time 
domain interval 0 



7 Number of OFDM symbols for adjacent demodulation reference 
signal time domain intervals (configured with short interval) 
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Demodulation 
reference signal time 
domain interval 1 



9 Number of OFDM symbols for adjacent demodulation reference 
signal time domain intervals (configured with long interval) 



DGI 



2 Downlink-uplink conversion time, 



0: The guard interval is 2 OFDM symbol periods; 



1: The guard interval is 4 OFDM symbol periods; 



2~3: Reserved; 



UGI 



2 Uplink-downlink conversion time, 



0: The guard interval is 2 OFDM symbol periods; 



1: The guard interval is 4 OFDM symbol periods (delayed 
handling); 



2~3: Reserved; 



UL-RACH format 



2 00: Random access format 1; 



01: Random access format 2; 



10: Random access format 3; 



11: Random access format 1 with 8 repetition 



LDPC support mode 
1 0: support LDPC 448/1344/2688 code length 



1: support LDPC 1344/2688/5376 code length 



Reserved 9 Default of 0 



In low-error mode, the fixed part of BCF frame body is as below: 



Table 4 Fixed part of BCF frame body In low-error mode 



 



Information Length/ bit Remarks 



CAP-MAC address 48 Unique identifier of the CAP 



Working channel 
number 



8 The minimum channel number occupied by the CAP 



work bandwidth 2 



Working bandwidths for broadcasting CAP:  



0: working bandwidth 1 in working bandwidth mode; 



1: working bandwidth 2 in working bandwidth mode; 



2: working bandwidth 4 in working bandwidth mode; 



3: Reserved 



CAP end antenna 
configuration 



3 



Indicates the antenna configuration at maximum on the CAP 
side, 



0:1 antenna; 



1:2 antennas; 



2:3 antennas; 



3:4 antennas; 



4:5 antennas; 



5:6 antennas; 



6:7 antennas; 



7: 8 antennas; 



Reserved 3 Default of 0. 



BCF interval 16 
Indicates the time cycle in which the BCF frame appears, unit: 
ms 
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The minimum backoff 
window for Random 
Access 



4 
Used for the control of the backoff window for Random 
Access, and the value of the minimum backoff window ranges 
within 0~2n-1 



The minimum backoff 
window for scheduling 
request 



4 
Used to control the backoff window of the collision-based 
resource request, and the minimum window value ranges 
within 0~2n-1 



 











 



 Nufront (Beijing) Technology Group Co., Ltd.    18 



Table 4 (Continued) 



Information Length/ bit Remarks 



The maximum backoff 
window for Random 
Access 



8 Used for the control of the backoff window for Random Access, 
and the value of the maximum backoff window ranges within 
0~2n-1 



The maximum backoff 
window for scheduling 
request 



8 Used to control the backoff window of the collision-based 
resource request, and the maximum window value ranges within 
0~2n-1 



CAP transmit power 



8 Indicates the current transmit power of the CAP, 



The signed decimal number of the field is n, n = -128~127 (the 
negative part is represented in the complement form): the 
transmit power of CAP is n dBm 



Reserved 5 Default of 0 



UL-RACH format 



2 00: Random access format 1; 



01: Random access format 2; 



10: Random access format 3; 



11: Reserved; 



Reserved 9 Default of 0 



 



6.3.4.2 Random access request frame 



The random access request frame is shown in Figure 9, which is used by the STA to initiate the random 



access request to the CAP. 



Bit: 16 48 48 8 8 32 32 



 
Frame 
control 



STA-MAC CAP-MAC 
Power 



adjustment 
margin 



STA 
transmit 
power 



Reserved FCS 



Figure 9 Random access request frame 



The contents of the random access request frame body are shown in Table 5. 



Table 5 Random access request frame body 



Name Length/ bit Value 



STA-MAC address 48 MAC address of the STA 



CAP-MAC address 48 MAC address of the CAP requested for access 



Power adjustment 
margin 



8 STA transmit power adjustment margin. 



The signed decimal number of the field is n, n = -128~127 (the 
negative part is represented in the complement form): the 
transmit power margin is n dBm 



STA transmit power 8 The current transmit power of the STA. 



The signed decimal number of the field is n, n = -128~127 (the 
negative part is represented in the complement form): the STA 
transmit power is n dBm 



Reserved 32 Default of 0 
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6.3.4.3 Random access response frame 



The random access response frame is shown in Figure 10, which is used by the CAP to respond to the 



received random access request. 



Bit: 16 8 2 6 48 12 36 32 



 
Frame 
control 



Power 
Access 
status 



Reserv
ed 



STA-MAC TSTAID Reserved FCS 



Figure 10 Random access response frame 



The contents of the random access response frame body are shown in Table 6. 



Table 6 Random access response frame body 



Name Length/ bit Value 



Power adjustment 



8 Transmit power adjustment value of the STA. 



The signed decimal number of the field is n, n = -128~127 (the 
negative part is expressed in complement form): the transmit 
power adjustment value is n dBm 



Access status 



2 0: reserved; 



1: Give up 



2: Success; 



3: Re-access 



Reserved 6 Default of 0 



STA's MAC 
address 



48 MAC address of the STA 



TSTAID 12 Temporary identifier for identifying the user 



Reserved 36 Default of 0 



6.3.4.4 STA basic capability request frame 



The STA basic capability request frame is used by the STA to notify the CAP of its basic capabilities. The 



information contained in the frame body is shown in Table 7. 



Table 7 STA basic capability request frame body 



Name Length/ bit Value 



Number of STA 
antenna  



3 0: an antenna; 



1:2 antennas; 



2:3 antennas; 



3:4 antennas; 



4:5 antennas; 



5:6 antennas; 



6:7 antennas; 



7: 8 antennas; 



STA’s maximum 
working bandwidth 



2 Support bandwidth in working bandwidth mode 



0: bandwidth1 in working bandwidth mode(For example, if 20/40/80M 
working bandwidth mode, it is 20MHz); 



1: bandwidth2 in working bandwidth mode(For example, if 20/40/80M 
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working bandwidth mode, it is 40MHz); 



2: bandwidth3 in working bandwidth mode(For example, if 20/40/80M 
working bandwidth mode, it is 80MHz); 



3: Reserved 



STA supporting 
spectrum 
aggregation 



2 0: Not supported; 



1: Support spectrum aggregation mode; 



2~3: reserved 



STA-supported 
scheduling 
mechanism 



1 
0: Only the round-robin scheduling is supported; 



1: Reserved 



STA working sub-
channel mapping 



4 0001: Sub-channel 0; 



0010: Sub-channel 1; 



0100: Sub-channel 2; 



1000: Sub-channel 3; 



For Bitmap or computing, it can indicate working bandwidth 2 and 
working bandwidth 3 stations operating on multiple working bandwidth 
1 subchannels 



STA  



version number 
4 Default of 0 



Maximum number 
of STA transmit 
streams 



3 0: the number of streams is 1; 



1: the number of streams is 2; 



2: The number of streams is 3; 



3: The number of streams is 4; 



4: The number of streams is 5; 



5: The number of streams is 6; 



6: The number of streams is 7; 



7: The number of streams is 8 



Maximum number 
of streams that STA 
receives 



3 0: The number of streams is 1; 



1: The number of streams is 2; 



2: The number of streams is 3; 



3: The number of streams is 4; 



4: The number of streams is 5; 



5: The number of streams is 6; 



6: The number of streams is 7; 



7: The number of streams is 8 



Indication of MCS 
capability of the 
STA 



1 
0: 256-QAM is not supported;  



1: Support 256-QAM 



Indication of UEQM 
capability of the 
STA 1 



0: UEQM is not supported; 



1: Support UEQM 



Indication of LDPC 
capability of the 
STA 1 



0: LDPC code length 1 is not supported. 



1: Support LDPC code length 1 



Indication of Tx 
STBC capability of 
the STA 1 



0: Not supported; 



1: Support 
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Indication of Rx 
STBC Capability of 
the STA 1 



0: Not supported; 



1: Support 



Indication of MU-
MIMO capability of 
the STA 1 



0: Not supported; 



1: Support 



Indication of 
precoding capability 
of the STA 



1 
0: not support precoding 



1: support precoding 



Feedback 
capability for 
subcarrier grouping 
Ns 



3 Indicates the number of subcarriers in the group: 



0: 1 subcarrier (not grouped) is included in the group (FPI = 1);  



1: 2 subcarriers are included in the group (FPI = 2); 



2: 4 subcarriers are included in the group (FPI = 4); 



3: 8 subcarriers are included in the group (FPI = 8); 



4: 16 subcarriers are included in the group (FPI = 16); 



5 - 7: Reserved 



Feedback mode of 
the supported 
MIMO  



3 000: does not support feedback; 



001: CSI-MIMO feedback; 



010: BFM-MIMO feedback; 



100: reserved; 



For Bitmap or computing, it can indicate the STA to support multiple 
feedbacks. 



Uplink 
signaling/feedback 
channel format 2 
indication 1 



0: Not supported;  



1: Support 



STA DGI demand 
indication 



2 



0: 2 guard intervals between OFDM symbols are required; 



1: 4 guard intervals between OFDM symbols are required; 



2~3: reserved; 



STA UGI demand 
indication 



2 



0: 2 guard intervals between OFDM symbols are required; 



1: 4 guard intervals between OFDM symbols are required; 



2~3: reserved; 



Authentication 
access mode 



2 



0: Authentication is not supported; 



1: Support authentication, local security context is available  



2: Support authentication, no local security context  



3: Reserved 



STA support 
changing working 
bandwidth 



4 



Please refer to STA support working bandwidth mode. 



b2..b0 = 000: not support changing working bandwidth 



b0=1: support changing working bandwidth 3 



b0=0: not support changing working bandwidth 3 



b1=1: support changing working bandwidth 2 



b1=0: not support changing working bandwidth 2 



b2=1: support changing working bandwidth 1 



b2=0: not support changing working bandwidth 1 



b3: reserved 



STA support 
working bandwidth 3 



000: 5/10/20M working bandwidth mode 



001: 10/20/40M working bandwidth mode 
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mode 010: 15/30/60M working bandwidth mode 



011: 20/40/80M working bandwidth mode 



100: 25/50/100M working bandwidth mode 



101~111: reserved 



STA support LDPC 
code length 



4 



b0： 



   0: not support LDPC 448 code length 



   1: support LDPC 448 code length 



b1： 



   0: not support LDPC 1344 code length 



   1: support LDPC 1344 code length 



b2： 



   0: not support LDPC 2688 code length 



   1: support LDPC 2688 code length 



b3： 



   0: not support LDPC 5376 code length 



   1: support LDPC 5376 code length 



Reserved 51 Default of 0 



6.3.4.5 STA basic capability response frame 



The STA basic capability response frame is used by the CAP to notify the STA working parameters. The 



information contained in the frame body is shown in Table 8. 



Table 8 STA basic capability response frame body 



Name Length/ bit Value 



STA ID 12 Used to identify users 



Working subchannel 
mapping 



4 0001: Sub-channel 0; 



0010: Sub-channel 1; 



0100: Sub-channel 2; 



1000: Sub-channel 3; 



For Bitmap or computing, it can indicate working bandwidth 2 
and working bandwidth 3 stations operating on multiple working 
bandwidth 1 subchannels 



Spectrum aggregation 
mode 



2 0: No aggregation; 



1: Aggregation mode (discontinuous spectrum aggregation); 



2~3: reserved 



Scheduling 
mechanism 



1 
0: Only support the round-robin scheduling; 



1: Reserved 



MCS indication 



1 Indicates whether the STA supports 256-QAM; 



0: 256 QAM is not supported; 



1: Support 256-QAM 



UEQM indication 1 
0: UEQM is not supported. 



1: Support UEQM 



LDPC indication 
1 The encoding methods supported by STA: 



0: LDPC code length 1 is not supported. 
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1: Support LDPC code length 1 



Tx STBC 1 
0: Not supported; 



1: Support 



Rx STBC 1 
0: Not supported; 



1: Support 



Maximum number of 
STA transmit streams 



3 0: The number of streams is 1; 



1: The number of streams is 2; 



2: The number of streams is 3; 



3: The number of streams is 4; 



4: The number of streams is 5; 



5: The number of streams is 6; 



6: The number of streams is 7; 



7: The number of streams is 8 



Maximum number of 
streams that STA 
receives 



3 0: The number of streams is 1; 



1: The number of streams is 2; 



2: The number of streams is 3; 



3: The number of streams is 4; 



4: The number of streams is 5; 



5: The number of streams is 6; 



6: The number of streams is 7; 



7: The number of streams is 8 



MU MIMO 1 
0: Not supported; 



1: Support 



STA precoding 1 
0: not support precoding 



1: support precoding 



Feedback capability 
for subcarrier 
grouping Ns 



3 Indicates the number of subcarriers in the group: 



0: 1 subcarrier is included in the group (not grouped) (FPI = 1); 



1: 2 subcarriers are included in the group (FPI = 2); 



2: 4 subcarriers are included in the group (FPI = 4); 



3: 8 subcarriers are included in the group (FPI = 8); 



4: 16 subcarriers are included in the group (FPI = 16); 



5 - 7: Reserved 



feedback mode of the 
supported MIMO  



3 000: does not support feedback; 



001: CSI-MIMO feedback; 



010: BFM-MIMO feedback; 



100: reserved; 



For Bitmap or computing, it is confirmed that the STA can be 
fed back in multiple combinations. 



Uplink 
signaling/feedback 
channel format 2 



1 
0: Format 2 is not supported;  
1: Format 2 is supported 



Reserved 1 Default 0 



STA DGI demand 



2 0: 2 guard intervals between OFDM symbols are required; 



1: 4 guard intervals between OFDM symbols are required; 



2~3: reserved; 
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STA UGI demand 



2 0: 2 guard intervals between OFDM symbols are required; 



1: 4 guard intervals between OFDM symbols are required; 



2~3: reserved; 



Authentication 
instruction 



2 0: Authentication is not supported; 



1: Support authentication, security context is available. 



2: Support authentication, no security context. 



3: Reserved 



STA wording 
bandwidth 



2 0: bandwidth 1 in working bandwidth mode; 



1: bandwidth 2 in working bandwidth mode; 



2: bandwidth 3 in working bandwidth mode; 



3: reserved 



Indication of 
changed working 
bandwidth and sub-
channel 



4 b2…b0:  



000: not change current sub-channel。 



    001: change to sub-channel 1 in working bandwidth 1 



    010: change to sub-channel 2 in working bandwidth 1 



    011: change to sub-channel 3 in working bandwidth 1 



    100: change to sub-channel 4 in working bandwidth 1 



    101: change to upper sideband in working bandwidth 2 



    110: change to lower sideband in working bandwidth 2 



    111: change to working bandwidth 3 



b3: reserved 



STA support LDPC 
code length mode 



1 0: support LDPC448/1344/2688 code length 



1: support LDPC 1344/2688/5376 code length 



Reserved 59 Default 0 



6.3.4.6 Service stream management 



The dynamic service addition request frame is shown in Figure 11. It is used for the request for adding 



service streams between the CAP and the STA. 



Bit: 16 4 3 1 32 48 36 4 32 



 
Frame 
control 



FID 
Service 



type 
Direction 



Service 
guarantee 



rate 



Target 
MAC 



address 



Reserv
ed 



FID Max Buffer Size 



(MaxBufferSize) 
FCS 



 Figure 11 Dynamic service addition request frame 



The dynamic service addition response frame is shown in Figure 12, which is used to response on the 



dynamic service addition request initiated by the CAP to the STA. 



Bit: 16 4 3 1 32 32 36 4 32 



 
Frame 
control 



FID 
Service 



type 
Reserved 



Service 
guarantee 



rate 



Maximum 
service 



rate 



Reserv
ed 



FID Max Buffer Size 



(MaxBufferSize) 
FCS 



Figure 12 Dynamic service addition response frame 



The dynamic service change request frame is shown in Figure 13, which is used for the request to change 



the QoS parameters of the service stream initiated by the CAP and the STA. 
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Bit: 16 4 3 1 32 48 36 4 32 



 
Frame 
control 



FID 
Service 



type 
Direction 



Service 
guarantee 



rate 



Target 
MAC 



address 



Reserv
ed 



FID Max Buffer Size 



(MaxBufferSize) 
FCS 



Figure 13 Dynamic service change request frame 



The dynamic service change response frame is shown in Figure 14, which is used to response on the 



request for the dynamic service change initiated by the CAP to the STA. 



Bit: 16 4 3 1 32 32 36 4 32 



 
Frame 
control 



FID 
Service 



type 
Reserved 



Service 
guarantee 



rate 



Maximum 
service 



rate 



Reserv
ed 



FID Max Buffer Size 



(MaxBufferSize) 
FCS 



Figure 14 Dynamic service change response frame 



The dynamic service delete request frame is shown in Figure 15, which is used to request to delete the 



service stream initiated by the CAP and STA. 



Bit: 16 4 11 1 32 



 Frame control FID Reserved Direction FCS 



Figure 15 Dynamic service delete request frame 



The dynamic service delete response frame is shown in Figure 16, which is used to response to the 



request initiated by the CAP to the STA for deleting the dynamic service stream. 



Bit: 16 A 11 1 32 



 Frame control FID Reserved Direction FCS 



Figure 16 Dynamic service delete response frame 



See Table 9 for the definition of contents of dynamic service addition request/ response frame, 



dynamic/ service change request/ response frame bodies. 



Table 9 Frame body field for service stream management 



Field Length/ bit Description 



FID 4 Flow ID 



Service type 3 Specific service type (see Table 31) 



Direction  1 0: downlink, 1: uplink 



Indication of reserved field 
extension function  



2 00: No function extension; 



01: Extension of the multi-connection function; 



10: Extension of header compression; 



11: Extension of header compression and multi-
connection functions; 



Reserved 34/1/11 Default of 0 



Service guarantee rate 32 Unit: bit/s, value: within 0~232 



Maximum service rate 32 Unit: bit/s, value: within 0~232 



Target MAC address 48 48-bit MAC address 
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FID maximum buffer size 
(MaxBufferSize) 



4 



0: Buffer up to 8 MPDUs; 



1: Buffer up to 16 MPDUs; 



2: Buffer up to 32 MPDUs; 



3: Buffer up to 64 MPDUs; 



4: Buffer up to 128 MPDUs; 



5: Buffer up to 256 MPDUs; 



6 - 15: Reserved 



6.3.4.7 Resource request frame 



The resource request has two manners: 



a) Independently send the resource request; 



b) Carry the channel-associated resource request when sending data. 



The independent resource request frame is used by the STA service stream to request bandwidth from 



CAP, as shown in Figure 17. 



STAID
FID 



quantity
FID-1



Frame 



control
FCS



FID Reserved RES-R



FID-2 … FID-n



Bit: 16 12 4 16



Bit: 4 1 6



32



Reserved



5



Reserved



 



Figure 17 Independent resource request frame 



The contents of the frame body of the independent resource request frame are shown in Table 10. 



Table 10 Independent resource request frame body 



Field Length/ bit Description 



STAID 12 Uniquely identifies a STA 



FID quant 4 Indicates the number of service streams of the resource request. 



Reserved 16 Default of 0 



FID 4 
Indicates that the STA performs the resource request for the service 
stream FID. 



Reserved 4 Default of 0 



Resource index 7 
Indicates the index of the requested resource size in the resource 
table 



Reserved 1 Default of 0 



The resource table is shown in Table 11. 



Table 11 Resource table 



Index Resource size / byte Index Resource size / byte 



0 BS=0 23 337<BS≤364 



1 1<BS≤14 24 365<BS≤392 
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2 15<BS≤28 25 393<BS≤420 



3 29<BS≤42 26 421<BS≤448 



4 43< BS≤56 27 449<I3S<476 



5 57<BS≤70 28 477<BS≤504 



6 71<BS≤84 29 505<BS≤532 



7 85<BS≤98 30 533<BS≤560 



8 99<BS≤112 31 561<BS≤588 



9 113<BS≤126 32 589<BS≤616 



10 127<BS≤140 33 617<BS≤644 



11 141<BS≤154 34 645<BS≤672 



12 155<BS≤168 35 673<BS≤700 



13 169<BS≤182 36 701<BS≤728 



14 183<BS≤196 37 729<BS≤784 



15 197<BS≤210 38 785<BS≤840 



16 211<BS≤224 39 841<BS≤896 



17 225<BS≤238 40 897<BS≤952 



18 239<BS≤252 41 953<BS≤1008 



19 253<BS≤266 42 1009<BS≤1064 



20 267<BS≤280 43 1065<BS≤1120 



21 281<BS≤308 44 1121<BS≤1176 



22 309<BS≤336 45 1177<BS≤1232 



46 1233<BS≤1288 80 5825<BS≤6272 



47 1289< BS≤1344 81 6273 <BS≤6720 



48 1345<BS≤1400 82 6721<BS≤7168 



49 1401<BS≤1456 83 7169<BS≤7616 



50 1457<BS≤1512 84 7617<BS≤8064 



51 1513<BS≤1568 85 8065<BS≤8512 



52 1569<BS≤1624 86 8513<BS≤8960 



53 1625<BS≤1680 87 8961<BS≤9408 



54 1681<BS≤1736 88 9409<BS≤9856 



55 1737<BS≤1792 89 9857<BS≤10304 



56 1793<BS≤1904 90 10305<BS≤10752 



57 1905<BS≤2016 91 10753<BS≤11648 



58 20I7<BS≤2128 92 11649<BS≤12544 



59 2129<BS≤2240 93 12545<BS≤13440 
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60 2241<BS≤2352 94 13441<BS≤14336 



61 2353<BS≤2464 95 14337<BS≤15232 



62 2465<BS≤2576 96 15233<BS≤16128 



63 2577<BS≤2688 97 16129<BS≤17920 



64 2689<BS≤2800 98 17921<BS≤19712 



65 2801<BS≤2912 99 19713<BS≤21504 



66 2913<BS≤3024 100 21505<BS≤23296 



67 3025<BS≤3136 101 23297<BS≤25088 



68 3137<BS≤3360 102 25089<BS≤28672 



69 3361<BS≤3584 103 28673<BS≤32256 



70 3585<BS≤3808 104 32257<BS≤35840 



71 3809<BS≤4032 105 35841<BS≤39424 



72 4033<BS≤4256 106 39425<BS≤43008 



73 4257<BS≤4480 107 43009<BS≤50176 



74 4481<BS≤4704 108 50177<BS≤57344 



75 4705<BS≤4928 109 57345<BS≤64512 



76 4929<BS≤5152 110 64513<BS≤71680 



77 5153<13S<5376 111 71681<BS≤86016 



78 5377<BS≤5600 112 86017<BS≤100352 



79 5601<BS≤5824 113 100353<BS≤114688 



114 114689<BS≤129024 121 286721<BS≤344064 



115 129025<BS≤143360 122 344065<BS≤458752 



116 143361<BS≤172032 123 458753<BS≤573440 



117 172033<BS≤200704 124 573441<BS≤802816 



118 200705<BS≤229376 125 802817<BS≤1835008 



119 229377<BS≤258048 126 1835009<BS≤3500000 



120 258049<BS≤286720 127 BS>3500000 



When the channel-associated request indicates that the field is 1, a channel-associated resource request 



field is added to the front of the frame body, as shown in Figure 18. 
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Frame 



control
Frame 



body FCS
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Leng
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index



Bit: 4 1 6



Reserved



5



0 - 4095 bytes
4 bytes



 



Figure 18 Data frame with channel-associated resource request 



The FID and resource index definitions are shown in Table 10 and Table 11. 



6.3.4.8 MIMO feedback frame 



6.3.4.8.1 MIMO feedback type 



The MIMO feedback type includes a channel state information matrix (CSI) and a beamforming matrix 



(BFM), as shown in Figure 19 and Figure 20. 



When the bytes of the MAC frame body involved in this clause are not aligned, it is necessary to add 1~7 
bits after the frame body to maintain byte alignment. 



MIMO feedback control information CSI matrix report 



Figure 19 CSI matrix feedback (CSI-MIMO) frame body 



MIMO feedback control information Beamforming matrix report 



Figure 20  Beamforming matrix feedback (BFM-MIMO) frame body 



6.3.4.8.2 MIMO feedback control information 



The MIMO feedback control information field is defined in Table 12. 



Table 12 MIMO feedback control information field 



Field Length/ bit Description 



Subchannel mapping 
indication 



4 
Indicates the channel bandwidth fed back by the 
MIMO and specific subchannels 



Quantitative mode 2 



For CSI feedback, 



00: Nb= 6; 



01: Nb=8; 



10,11:  Reserved 



 



Subcarrier grouping (Ns) 3 Indicates the number of subcarriers in the frame: 
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0: 1 subcarrier is included in the group (not grouped) 
(FPI=1); 



1: 2 subcarriers are included in the group (FPI = 2); 



2: 4 subcarriers are included in the group (FPI = 4); 



3: 8 subcarriers are included in the group (FPI = 8); 



4: 16 subcarriers are included in the group (FPI = 16); 



5 - 7: Reserved 



Number of rows of CSI matrix 3 Number of rows of CSI matrix (Nr), 1~8 (000~111) 



Number of columns of CSI 
matrix 



3 Number of column of CSI matrix (Nc) , 1~8 (000~111) 



Reserved 1 Default value:  0 



6.3.4.8.3 Channel state information matrix report field 



The CSI-MIMO feedback frame is shown in Table 13.  



Among them, Nr is the number of rows of the CSI matrix of the feedback request (see Table 13). 



The CQI information in Table 13 is represented by SINR, and the SINR is encoded as 8 bits. The decimal 



number of the 8-bit pair is n, valuing from 0 to 255, indicating that the linear average of the SNR of each 
subcarrier is (-10 + 0.25 n) dB. 



The quantization of CSI matrix is shown in Annex F. The elements in CSI matrix are transmitted row by 
row. Each element contains real and imaginary part, in which the real part is transmitted first. 



Table 13 CSI report field in normal mode 



Field Description 



Receive CQI on antenna 1 
Receive average Channel State Information on 
antenna 1 



…….  



Receive CQI on antenna Nr 
Receive average Channel State Information on 
antenna Nr 



𝑀𝐻(𝑘) value of subcarrier-(NFFT/2-13) See Annex F 



……  



𝑀𝐻(𝑘) value of subcarrier-1 -FPI*2  



𝑀𝐻(𝑘) value of subcarrier-1 -FPI  



𝑀𝐻(𝑘) value of subcarrier-1   



𝑀𝐻(𝑘) value of subcarrier1  



𝑀𝐻(𝑘) value of subcarrier 1+ FPI  



𝑀𝐻(𝑘) value of subcarrier 1+ FPI*2  



……  



𝑀𝐻(𝑘) value of subcarrier (NFFT/2-13)  



CSI matrix of subcarrier-(NFFT/2-13) CSI matrix 



……  
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CSI matrix of subcarrier-1 -FPI*2 CSI matrix 



CSI matrix of subcarrier-1 -FPI CSI matrix 



CSI matrix of subcarrier-1  CSI matrix 



CSI matrix of subcarrier1 CSI matrix 



CSI matrix of subcarrier 1+ FPI CSI matrix 



CSI matrix of subcarrier 1+ FPI*2 CSI matrix 



……  



CSI matrix of subcarrier (NFFT/2-13) CSI matrix 



 



Table 14 CSI report field in OFDMA mode 



Field Description 



Receive CQI on antenna 1 
Receive average Channel State Information on 
antenna 1 



…….  



Receive CQI on antenna Nr 
Receive average Channel State Information on 
antenna Nr 



𝑀𝐻(𝑘) value of 1st allocated RU See Annex F 



𝑀𝐻(𝑘) value of 2nd allocated RU  



……  



𝑀𝐻(𝑘) value of last allocated RU  



CSI matrix of 1st allocated RU CSI matrix 



CSI matrix of 2nd allocated RU CSI matrix 



……  



CSI matrix of last allocated RU CSI matrix 



6.3.4.9 Channel quality feedback frame 



The channel quality feedback frame is shown in Figure 21. The CQI information part of the frame body 



includes subchannel mapping, MCS1 and MCS2, coding type and SINR. See Table 15 for the definition 



of the frame body in normal mode and See Table 16 for the definition of the frame body in OFDMA mode . 



When the bytes of the MAC frame body involved in this clause are not aligned, it is necessary to add 1~7 
bits after the frame body to maintain byte alignment.  



 
Subchannel 



mapping 
MCS1 MCS2 Coding type SINR 



Bit: 4 7 7 2 … 



Figure 21 CQI information section 



 



Table 15 CQI information section in normal mode 
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Field Length/ bit Description 



Subchannel 
mapping 



4 0001: Feedback subchannel 0; 



0010: Feedback subchannel 1; 



0100: Feedback subchannel 2; 



1000: Feedback subchannel 3 



MCS1 7 Suggested MCS of codeword 1 



MCS2 7 Suggested MCS of codeword 2 



Coding type 



2 Indicates the encoding method recommended by the STA. 



0: BCC; 



1: LDPC code length 1; 



2: LDPC code length 2; 



3: LDPC code length 3 



Number of spatial 
stream (Ns) 



3 1~8 (000 ~ 111) 



SINR0 



8 The average SINR on the first spatial stream of the request channel. 



The corresponding decimal number of the field is n, and the value 
ranges from 0 to 255. The SINR is expressed as -10+ 0.25 n dB. 



The default value of n is 0. 



SINR1 



8 The average SINR on second spatial stream of the request channel. 



The corresponding decimal number of the field is n, and the value 
ranges from 0 to 255. The SINR is expressed as -10+ 0.25 n dB. 



The default value of n is 0. 



… … … 



SINR Ns 



8 The average SINR on Ns-h spatial stream of the request channel. 



The corresponding decimal number of the field is n, and the value 
ranges from 0 to 255. The SINR is expressed as -10+ 0.25 n dB. 



The default value of n is 0.  



Subcarrier SINR 
enable 



1 0: no subcarrier SINR present 



1: subcarrier SINR present 



Number of 
subcarrier SINR 
streams (Nsts) 



3 Indicates number of streams for subcarrier SINR feedback 



Subcarrier 
grouping (Ns) 



3 



Indicates the number of subcarriers in the frame: 



0: 1 subcarrier is included in the group (not grouped) (FPI=1); 



1: 2 subcarriers are included in the group (FPI = 2); 



2: 4 subcarriers are included in the group (FPI = 4); 



3: 8 subcarriers are included in the group (FPI = 8); 



4: 16 subcarriers are included in the group (FPI = 16); 



5 - 7: Reserved 



1st stream SINR 
of subcarrier-
(NFFT/2-13) 



8 The average SINR on first spatial stream of the request channel. 



The corresponding decimal number of the field is n, and the value 
ranges from 0 to 255. The SINR is expressed as -10+ 0.25 n dB. 



The default value of n is 0. 



… … … 
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1st stream SINR 
of subcarrier-1 -
FPI*2 



8 Same as above 



1st stream SINR 
of subcarrier-1 -
FPI 



8  



1st stream SINR 
of subcarrier-1  



8  



1st stream SINR 
of subcarrier1 



8  



1st stream SINR 
of subcarrier 1+ 
FPI 



8  



1st stream SINR 
of subcarrier 1+ 
FPI*2 



8  



……   



1st stream SINR 
of subcarrier 
(NFFT/2-13) 



8  



2nd stream SINR 
of subcarrier-
(NFFT/2-13) 



8 The average SINR on first spatial stream of the request channel. 



The corresponding decimal number of the field is n, and the value 
ranges from 0 to 255. The SINR is expressed as -10+ 0.25 n dB. 



The default value of n is 0. 



… … … 



2nd stream SINR 
of subcarrier-1 -
FPI*2 



8 Same as above 



2nd stream SINR 
of subcarrier-1 -
FPI 



8  



2nd stream SINR 
of subcarrier-1  



8  



2nd stream SINR 
of subcarrier1 



8  



2nd stream SINR 
of subcarrier 1+ 
FPI 



8  



2nd stream SINR 
of subcarrier 1+ 
FPI*2 



8  



……   



2nd stream SINR 
of subcarrier 
(NFFT/2-13) 



8  



… …  
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Table 16 CQI information section in OFDMA mode 



Field Length/ bit Description 



Subchannel 
mapping 



4 0001: Feedback subchannel 0; 



0010: Feedback subchannel 1; 



0100: Feedback subchannel 2; 



1000: Feedback subchannel 3 



MCS1 7 MCS of request channel codeword 1 



MCS2 7 MCS of request channel codeword 2 



Coding type 



2 Indicates the encoding method recommended by the STA. 



0: BCC; 



1: LDPC code length 1; 



2: LDPC code length 2; 



3: LDPC code length 3 



SINR0 



8 The average SINR on the first spatial stream of the request channel. 



The corresponding decimal number of the field is n, and the value 
ranges from 0 to 255. The SINR is expressed as -10+ 0.25 n dB. 



The default value of n is 0. 



SINR1 



8 The average SINR on second spatial stream of the request channel. 



The corresponding decimal number of the field is n, and the value 
ranges from 0 to 255. The SINR is expressed as -10+ 0.25 n dB. 



The default value of n is 0. 



… … … 



SINR7 



8 The average SINR on 7th spatial stream of the request channel. 



The corresponding decimal number of the field is n, and the value 
ranges from 0 to 255. The SINR is expressed as -10+ 0.25 n dB. 



The default value of n is 0.  



RU SINR enable 
1 0: no RU SINR present 



1: RU SINR present 



1st stream SINR 
of 1st allocated 
RU 



8 The average SINR on first spatial stream of the request channel. 



The corresponding decimal number of the field is n, and the value 
ranges from 0 to 255. The SINR is expressed as -10+ 0.25 n dB. 



The default value of n is 0. 



1st stream SINR 
of 2nd allocated 
RU 



8 Same as above 



… … … 



1st stream SINR 
of last allocated 
RU 



  



2nd stream SINR 
of 1st allocated 
RU 



  



2nd stream SINR   
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of 2nd allocated 
RU 



…   



2nd stream SINR 
of last allocated 
RU 



  



…   



 



When the system is operating at working bandwidth 1, the CQI-FB frame body is as shown in Figure 22. 



MCS1
Coding 



type
SINR



Subchannel 



mapping
MCS2



CQI information



 



Figure 22 CQI-FB frame body in working bandwidth 1  



 



When the system is operating in working bandwidth 2 aggregation mode, the CQI-FB frame body is as 



shown in Figure 23. 
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Coding 
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SINR



Subchannel 



mapping
MCS2 MCS1



Coding 



type
SINR



Subchannel 



mapping
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CQI information on subchannel 1 CQI information on subchannel 2



 



Figure 23 CQI-FB frame body in working bandwidth 2 aggregation mode 



When the system is operating in working bandwidth 3 aggregation mode, the CQI-FB frame body is as 



shown in Figure 24. 



 



MCS1
Coding 



type
SINR



Subchannel 



mapping
MCS2 MCS1



Coding 



type
SINR



Subchannel 



mapping
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CQI information on subchannel 1 CQI information on subchannel 2
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Coding 
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SINR



Subchannel 



mapping
MCS2 MCS1



Coding 



type
SINR



Subchannel 



mapping
MCS2



CQI information on subchannel 3 CQI information on subchannel 4



 



Figure 24 CQI-FB frame body in working bandwidth 3 aggregation mode 



When the working bandwidth 3 system is operating at continuous working bandwidth 2, the CQI-FB frame 



body is as shown in Figure 25 



MCS1
Coding 



type
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Subchannel 
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Figure 25 CQI-FB frame body part when the working bandwidth 3 system operating at working 
bandwidth 2 
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6.3.4.10 Acknowledgement frame 



The acknowledgement frame field is defined as shown in Figure 26. 



Bit: 16 4 4 4 12 32 



 Frame control Reserved FID FSN SN FCS 



Figure 26 ACK frame 



The contents of the frame body of the ACK frame are shown in Table 17. 



Table 17 ACK frame body 



Field Length/ bit Description 



Reserved 4 Default of 0 



FID 4 Flow ID 



FSN 4 
Indicates that the acknowledgement is acknowledgement for the 
frame with the Fragment Sequence Number of FSN. If no 
fragmentation is used, this field is set to 0. 



SN 12 



Indicates that the acknowledgement is acknowledgement for the 
MPDU with the Sequence Number of SN. If the frame needs to be 
acknowledged is a management control frame without sequence 
number, the SN is set to 0. 



6.3.4.11 Group acknowledgement request frame 



The group acknowledgement request frame field is defined as shown in Figure 27. 



FID-1
Frame 



control



FID SSN



FID-2 … FID-n



Bit: 16 4



Bit: 4 12



32



FID 



quantity
Reserved



4



FCS



 



Figure 27 Group acknowledgement request frame 



See Table 18 for the contents of the frame body. 



Table 18 Group acknowledgement request frame body 



Field Length/ bit Description 



Reserved 4 Default of 0 



FID number 4 
Indicates the number of FID information blocks included between the 
field and the FCS. The format of each FID information block is the same 



FID 4 Require the receiver to perform Group Ack on the FID service stream. 



SSN 12 
When the receiver is notified of the Group Ack, this value is used as the 
starting sequence number of the Bitmap. 
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6.3.4.12 Group acknowledgement frame 



The group acknowledgement frame field is defined as shown in Figure 28. 



FID-1
Frame 



control
FCS



FID Reserved



FID-2 … FID-n



Bit: 16 3



Bit:       4             12          3                       4              1                               



32



Management control 



acknowledgement bit
Reserved



1



Length



12



SSN
Bitmap 



length
Bitmap



Fragment 



or not



8/16/32/64/128/256



 



Figure 28 Group acknowledgement frame 



The contents of the frame body of the group acknowledgement frame are as shown in Table 19. 



Table 19 Group acknowledgement frame body 



Field Length/ bit Description 



Reserved 3 Default of 0. 



Management 
control frame 



acknowledgement 
bit 



1 
Indicates that acknowledgement is received for receiving a 
management control frame without sequence number. 



Length 12 
Indicates the total byte length of all fields between the length 
field and FCS field 



FID 4 
Notifies the sender that the FID information block is the Group 
Ack for a certain FID service stream 



SSN 12 
Notifies the sender of the Starting Sequence Number of the 
Bitmap for the FID information block 



Bitmap 



Length 
4 



Indicates the length of the Bitmap for each FID information 
block. 



0: 8 bits; 



1: 16 bits; 



2: 32 bits; 



3: 64 bits; 



4: 128 bits; 



5: 256 bits; 



6 - 15: Reserved 



Reserved 3 Default of 0 



Fragment or not 1 



If the value is 1, it indicates the acknowledgement is for the 
fragmented data frame. At this point, each bit in the Bitmap is 
the acknowledgement for one fragment in the frame. 



If the value is 0, it indicates that the acknowledgement is for the 
unfragmented data frame. At this point, each bit in the Bitmap 
is the acknowledgement for a frame. 



Bitmap 8/16/32/64/128/256 



A bit in the Bitmap indicates whether a certain MPDU/fragment 
is successfully received. If received successfully, it is set to 1, 
otherwise it is set to 0. MPDU Sequence Number/Fragment 
Sequence Number is calculated based on the SSN and the 
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offset. 



6.3.4.13 Quit network frame 



The quit network frame is shown in Figure 29, which is used by the STA to quit the network. 



Bit 16 4 12 32 



 Frame control Reserved STAID FCS 



Figure 29 Quit network frame 



The frame body of the quit network frame is defined in Table 20. 



Table 20 Description of the frame body of the quit network frame 



Field Length/ bit Description 



Reserved 4 Default of 0 



STAID 12 Used to identify users 



6.3.4.14 Channel switching information frame 



The channel switch information frame is used by the CAP to notify the STA of channel switching, and the 



field is defined as shown in Figure 30. 



 



Bit: 16 8 2 4 1 12 5 8 8 32 



 
Frame 
control 



CAP/STA 



starting 
channel 
number 



CAP/STA 



work 
bandwidth 



Working 
subchannel 



mapping 



Channel 
switching 
indication 



STAID 



Reserved 
Channel 
switching 



mode 



Channel 
switching 
counter 



FCS 



Figure 30 Channel switching information frame 



The frame body content of the channel switching information frame is as shown in Table 21. 



Table 21 Channel switching information frame body 



Field Length/ bit Description 



CAP/STA starting 
channel number 



8 
The lowest channel number corresponding to the starting 
frequency of the frequency band occupied by the CAP/STA, for 
example, channel number 3 of the 2.4G frequency band 



CAP/STA working 
bandwidth 



2 



Indicates the working bandwidth of the CAP/STA 



0: working bandwidth 1; 



1: working bandwidth 2; 



3: working bandwidth 3; 



4: Reserved 



Working 
subchannel 
mapping 



4 



0001: Sub-channel 0; 



0010: Sub-channel 1; 



0100: Sub-channel 2; 



1000: Subchannel 3. 



For Bitmap or computing, it can indicate working bandwidth 2 
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and working bandwidth 3 stations operating on multiple working 
bandwidth 1 subchannels 



Channel switching 
indication  



1 0：CAP channel switching 



1：STA channel switching 



STAID 12 STAID 



Reserved 5 Default of 0 



Channel switching 
mode 



8 



Indicates the limit on transmission during channel switching. 



1: indicates that the CAP requires the STA to stop data 
transmission before channel switching; 



Other values indicate to be reserved 



Channel switching 
counter 



8 
Indicates the elapsed time from sending the channel switching 
information frame to the STA switching to the new channel, in 
units of BCF intervals. 



6.3.4.15 Sleep request frame 



The sleep request frame is used for the switch request sent by the STA to the CAP for switching from the 



active mode to the sleep mode. The request field is defined as shown in Figure 31. 



Bit: 16 4 4 16 16 16 32 



 
Frame 
control 



Reserved 
Subsequent 



sleep window 
changes 



Sleep start 
time 



Sleep start 
window 



Window 
listener 



FCS 



Figure 31 Sleep request frame 



The contents of the frame body of the sleep request frame are as shown in Table 22. 



Table 22 Sleep request frame body 



Field Length/ bit Description 



Reserved 4 Default of 0 



Subsequent sleep window 
changes 



4 Indicates the change from the initial sleep window 
requested by the STA, 



0: Unchanged; 



1: Multiplication; 



Other values indicate to be reserved 



Sleep start time 16 Indicates the start time of the first sleep window 
requested by the STA, which is expressed in frame 
number 



Sleep start window 16 Indicates the size of the first sleep window requested 
by the STA, in time unit of a physical frame duration 



Window listener 16 Indicates the size of the listening window requested 
by the STA, in time unit of a physical frame duration 



6.3.4.16 Sleep response frame 



The sleep response frame is used for the CAP to actively send the message to notice the STA for sleep, 



or for the response to the sleep request frame. The frame body field is defined as shown in Figure 32. 
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Bit: 16 4 4 16 16 16 32 



 
Frame 
control 



Reserved 
Subsequent 



sleep window 
changes 



Sleep start 
time 



Sleep start 
window 



Window 
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FCS 



Figure 32 Sleep response frame 



The contents of the frame body of the sleep request frame are as shown in Table 23. 



Table 23 Description of the frame body of the sleep response frame 



Field Length/ bit Description 



Reserved 4 Default of 0. 



Subsequent changes in the 
sleep window 



4 Indicates the change relative to the initial sleep 
window allowed by the CAP, 



0: Unchanged; 



1: Multiplication; 



Other values indicate to be reserved 



Sleep start time 16 Indicates the start time of the first sleep window 
allowed by the CAP, which is expressed in frame 
number 



Sleep start window 16 Indicates the size of the first sleep window allowed by 
the CAP, in time unit of a physical frame duration 



Window listener 16 Indicates the size of the listening window allowed by 
the CAP, in time unit of a physical frame duration 



6.3.4.17 Downlink traffic indication frame 



The downlink traffic indication frame is used by the CAP to inform the sleeping STA of the downlink traffic 



information, and the frame body field is defined as shown in Figure 33. 



Bit 16 12 4 32 



 Frame control Reserved TI indication FCS 



Figure 33 Downlink traffic indication frame 



The frame body content of the downlink traffic indication frame is as shown in Table 24. 



Table 24 Downlink traffic indication frame body field 



Field Length/ bit Description 



Reserved 12 Default of 0 



TI indication 4 



Indicates whether there is downlink data of the STA 
on the CAP side. 



0: indicates that there is no data of the STA; 



1: indicates that there is data of the STA; 



Other values indicate to be reserved 



6.3.4.18 Measuring request frame 



The STA can actively send a CM-REQ message to the current CAP once the measured RSSI of the 
current cell is lower than the threshold, to request for measuring the time and the information list of 
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neighbor cells.  See Table 25 for the parameters carried by the CM-REQ.  



 



Table 25 Message Parameters of measuring request frame 



Field Length (bit) Description 



Allocation of measuring time  8 Indicates the requested measuring 
time, in frames.  



Average signal quality 8 Indicates the average RSSI strength of 
the current service CAP 



Reserved 64 Default of 0 



6.3.4.19 Measurement response frame 



The CM-RSP can be used to response CM-REQ message, and can also be actively sent by the 



network to control the measurement of the STA. Parameters carried by CM-RSP can be found in Table 
26. 



Table 26  Message parameters of measuring response frame 



Field Length (bit) Description 



Allocation of measuring time 8 Indicates the allocated measuring time, in 
frames 



If set to 0, it indicates the measurement is 
rejected 



Start time for measuring  8 Indicates the time duration from when the 
measuring response message is received by the 
STA to the start of the measurement, in frames. 



Measurement result reporting 
mode  



2 Indicates the measurement result reporting 
mode 



0: Report triggered by event  



1: Periodic report 



2 - 3: Reserved 



Measurement type 2 Indicates the type of measurement: 



 0: Indicates that only the SICH is detected; 



 1: Indicates that the BCF needs to be received; 



 2: Indicates that TA needs to be measured 



 3: Reserved 



Reserved 4 Default of 0 



Measurement interval 8 In frames 



Number of measurements 8 Indicates the number of times the measurement 
result is reported 



Measurement result reporting 
period 



8 If the measurement result reporting mode is 1, 
this field indicates the measurement result 
reporting period, in units of frames. 



Candidate CAP1 identifier 8 Indicates the lower 8 bits of the candidate 
CAP1’s MAC address 



Candidate CAP1 channel identifier 8 Indicates the channel number of the working 
channel of candidate CAP1 



Candidate CAP2 identifier 8 Indicates the lower 8 bits of the candidate 
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CAP2's MAC address 



Candidate CAP2 channel identifier 8 Indicates the channel number of the working 
channel of candidate CAP2  



Reserved 64 Default of 0 



6.3.4.20 Measurement report frame 



The STA reports the measurement results according to the indication information of the measurement 
report in the received CM-RSP message. See Table 27 for the parameters carried in the CM-REP 
message.  



Table 27 Message parameters of measurement report frame 



Field Length (bit) Description 



Measurement result report 
mode 



2 Indicates the reporting mode of the measurement result, 



0: Report triggered by event 



1: Periodic report 



2 - 3: Reserved 



Reserved 6  



Average RSSI of the current 
cell 



8 Indicates the average RSSI received by the current cell. 



Candidate CAP1 identifier 8 Indicates the lower 8 bits of the candidate CAP1's MAC 
address. 



Candidate CAP1 channel 
number 



8 Indicates the channel number of the candidate CAP1 



Average RSSI of candidate 
CAP1 



8 Indicates the average RSSI received by candidate CAP1 



Candidate CAP2 identifier 8 Indicates the lower 8 bits of the MAC address of the 
candidate CAP2 



Channel number of 
candidate CAP2 



8 Indicates the channel number of the candidate CAP2 



Average RSSI of candidate 
CAP2 



8 Indicates the average RSSI received by candidate CAP2 



 



6.3.4.21 Handover request frame 



For STA-triggered handover, the STA can send a HO-REQ message to the currently serving CAP 



(CAP-S) to trigger the handover procedure. See Table 28 for the parameters carried by HO-REQ.   



Table 28 Message parameters of handover request frame 



Field Length (bit) Description 



Candidate CAP1 8 Indicates the lower 8 bits of the candidate 
CAP1's MAC address 



Candidate CAP1 channel identifier 8 Indicates the channel number of the working 
channel of candidate CAP1 



Channel quality of candidate CAP1 8 Indicates the average RSSI strength of 
candidate CAP 1 



Candidate CAP 2 8 Indicates the lower 8 bits of the candidate 
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CAP2's MAC address 



Candidate CAP2 channel identifier 8 Indicates the channel number of the working 
channel of candidate CAP2 



Channel quality of candidate CAP 
2 



8 Indicates the average RSSI strength of the 
candidate CAP2 



Reserved 64  



6.3.4.22 Handover command frame 



The currently serving CAP sends an HO-CMD to trigger the handover, or to acknowledge the HO-REQ 



message sent by the STA.  See Table 29 for the message parameters carried by HO-CMD.  



Table 29 Message parameters of handover command frame 



Field Length (bit) Description 



Handover indication 2 Indicates whether to receive the handover initiated by the 
STA. 



0: reject the handover; 1: accept the handover; 2~ 3: 
reserved 



Handover type 2 Indicates the type of handover 



0: Re-access type; 1: Competitive access type 



2: Competition-free access type; 3: reserved 



Reserved 4 Default of 0 



Target CAP1 8 Indicates the lower 8 bits of the candidate CAP1's MAC 
address  



Target CAP 1’s channel 
identifier 



8 Indicates the channel number of the working channel of 
candidate CAP1 



TSTAID 12 If the handover type is 3, it indicates that the CAP-D pre-
allocates for the STA for the temporary STAID during the 
handover time.   



If the handover type is in other values, this field is reserved  



Effective time 4 Indicates the effective time of the TSTAID, in frames. 



TA information 8 If the handover type is 3, this field indicates the TA 
information estimated by the CAP-D for the STA.  



If the handover type is in other values, this field is reserved 



AK information  64 If the handover type is 3, this field indicates the 
authentication information in CAP-D 



If the handover type is in other values, this field is reserved 



Reserved 64  



6.3.4.23 Custom frame (TLV structure) 



Table 30 TLV frame definition 



Field TLV type TLV length Data 



Bit 8 16 Customized 



Custom frames can be used to extend management frames as well as to transmit other specific high-
priority services.  
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6.4 Group MAC protocol data unit 



The G-MPDU consists of a series of G-MPDU subframes, see Figure 34. 



G-MPDU subframe 1 G-MPDU subframe 2 … G-MPDU subframe n 



Byte: changeable Changeable Changeable 



Figure 34 G-MPDU format 



The G-MPDU subframe includes a G-MPDU delimiter, an MPDU, and possible padding bytes. In addition 
to the last G-MPDU subframe, each G-MPDU subframe needs to be added with 0 to 1 padding bytes, so 
that the length of each G-MPDU subframe is an integer multiple of 2 bytes. The G-MPDU subframe format 



is as shown in Figure 35. 



G - MPDU delimiter MPDU Padding 



Bytes: 2 Changeable 0~1 



Figure 35 G-MPDU subframe format 



The delimiter of G-MPDU is 2 bytes long and is used to locate the MPDU of the G-MPDU. The format of 



the delimiter is as shown in Figure 36. 



G-MPDU delimiter 



Delimiter identifier CRC 



8bit 8bit 



Figure 36 G-MPDU delimiter 



The value of the delimiter identifier is fixed at 0x46. The CRC is obtained by removing the remaining 
length of the FCS from the MPDU. Using an 8-bit CRC, the CRC is generated using a standard polynomial, 



see Equation 2: 



     



  𝐺(𝑥) = 𝑥8 + 𝑥2 + 𝑥 + 1      (Equation 2) 



The initial state of the register is 0xFF, and the register state is inverted as the CRC sequence output 
after the end of the operation. The CRC bits are transmitted in byte order from high order to low. 



All MPDUs transmitted on the service transmission channel are transmitted by means of G-MPDU. 



7 Media access control layer function 



7.1 Adaptation sublayer 



The function of the adaptation sublayer is to classify data of IP layer and to identify a service stream with 
an FID. 



Within STA/CAP, the adaptation layer divides IP packets into multiple service streams, each of which 
belongs to an individual type of service and uses an FID identifier. The FID ranges from 1 to 15, and each 
FID service stream corresponds to a set of QoS parameters. 



A maximum of 15 service streams can be established in each STA to occupy UL-TCH for data 
communication with CAP at the same time. Similarly, the CAP allows to establish 15 simultaneous service 
streams for each STA at the maximum to occupy DL-TCH for data communication with STA. Various 
management control frames occupy the data communication connections with the FID of 0 and it is default 
of being established successfully.  











 



 Nufront (Beijing) Technology Group Co., Ltd.    45 



7.2 MAC sublayer 



7.2.1 Addressing and connection 



Both the STA and the CAP have a 48-bit globally unique MAC address as the identity. This address is 
used to acknowledge with each other and to forward intra-network packets during the network access 
phase. If the STA successfully accesses the network, the CAP assigns a 12-bit STA identifier (STAID) to 
the STA to uniquely identify it. 



The MAC layer can provide connection-oriented services for applications. Up to 16 connections can be 
maintained between the CAP and each STA. Each connection is internally identified with a 4-bit FID. 



7.2.2 Media access control address 



Both the STA and the CAP use the globally unique 48-bit MAC address as the identifier. 



7.2.3 Broadcast identification 



The BSTAID is 12 bits long with the range of 0x000 ,0x001…0x007 to broadcast to all STAs in the CAP 
range. 0x001 can be used for the transmission of uplink unscheduled broadcast type. 



7.2.4 STA identification 



The STAID has a length of 12 bits with the range from 0x100 to 0xFFF. 



After the STA completes the capability negotiation, the CAP allocates a unique identifier (STAID) within 
the scope of the CAP for each STA. 



In the process of receiving and parsing CCH information, the STA needs to process the control 
information carried by the BSTAID in addition to the control information matching the STAID. 



7.2.5 Temporary STA identification 



The TSTAID is 12 bits in length and ranges from 0x002 to 0x0FF to temporarily identify an STA before 
assigning the STAID. The CAP assigns a TSTAID value to the STA through the random access response 
frame. The CAP assigns a TSTAID value to the STA through the random access response frame. 



During the capability negotiation process between the STA and CAP, the STA uses the TSTAID to match 
the STAID carried in the CCH and parses out its own control information. Once the STA acquires the 
STAID, the original TSTAID is invalid. 



7.2.6 Flow ID (FID) 



The FID is 4 bits long and is used to identify an uplink or downlink service stream. The FID number is 
managed by the sender, and those of the uplink and downlink are independent of each other. 



7.3 Central access point detects idle channel 



The flow of the CAP to detect the idle channel is shown in Figure 37. The steps are as follows: 



a) The CAP determines the list of channels to be detected. 



b) Select an undetected channel number from the channel list one by one in sequence. 



c) The CAP starts detecting the wireless signal energy on the selected channel and activates the 
detecting cycle timer. 
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-- During the detection period, if the detected signal energy is lower than the preset threshold, add 
the channel to the available channel list, and detect other undetected channels without 
interruption until all the channels in the channel list are detected. 



-- During the detection period, if the detected signal energy exceeds the preset threshold, continue 
to scan other channels that have not been detected until all channels in the channel list are 
detected. 



d) After all the channels in the channel list are detected, if the available channel list is not empty, the 
network creation process is started. Otherwise, restart the detection after a period of delay. 



In the timer T, detect 



whether signal energy 



exceeds the threshold



Start of detection



Select an undetected channel 



number from the channel list



On the selected channel, 



detect the signal energy and 



start the timer T



Add into the list of 



available channels



Yes



No



Whether all 



channels in the 



channel list have 



been detected?



Start the network 



creation process



Whether the available 



channel list is empty?



No



End



No



Yes



Delay
Yes



Determine the list of channels 



to be detected



 



Figure 37 Flow of detecting idle channels 



7.4 STA network access process 



7.4.1 General 



The network access process refers to the process in which the STA discovers the network and 
establishes a connection with the CAP. Network access includes the following steps: 



a) Get system synchronization; 



b) Random Access; 



c) Capacity negotiation. 



The network access process is as shown in Figure 38. 
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STA 
CAP



Get system sync



Random access



Capability negotiation



 



Figure 38 Network access process 



7.4.2 System synchronization 



The STA system synchronization process is as shown in Figure 39. 



The main operation processes are as follows: 



a) Scan physical signals on a channel; 



b) If the STA can correctly detect the physical frame header, it considers that there is a physical frame 
on the channel. Otherwise, repeat the detection until time out, and then switch to the next channel 
and repeat the above operation; 



c) If the STA can correctly parse the SICH and BCF information and successfully acquire the system 
information, the initial system synchronization is succeeded. Otherwise, after the waiting time is 
exceeded, switch to the next channel and repeat the above operation. 
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Figure 39 STA system synchronization 



After the STA is initially synchronized, the synchronization is maintained thereafter. 



If the SICH timer or the BCF timer expires, the STA needs to re-establish the initial synchronization, and 



proceeds to the flow of Figure 39. The process of maintaining synchronization is as shown in Figure 40. 



SICH 



Synchronized



BCF
SICH timer 



times out



Synchronized



Scan the channelReset SICH timer Reset BCF timer



BCF timer 



times out



 



Figure 40  Keep synchronized 



 



7.4.3 Random access 



The random access process is as shown in Figure 41. 
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Figure 41 Random access flow 



7.4.4 Capability negotiation 



The capability negotiation process is as shown in Figure 42. The STA notifies the CAP of its basic 



capability by sending an STA Basic Capability Request frame (SBC-REQ). After the CAP receives the 
SBC-REQ, it compares the capability parameters. The capability parameters supported by both parties, 
as well as the resident channel and spectrum aggregation mode information allocated for the STA, are 
all included in the STA basic capability response frame (SBC-RSP) to notify the STA. 
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Figure 42 Capability negotiation 



7.5 Managing service stream 



7.5.1 Establishing service stream and data transmission 



The establishment of uplink service stream and data transmission process are as shown in Figure 43. 
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Figure 43 Uplink service stream establishment and data transmission process 



The downlink service stream establishment and data transmission process is as shown in Figure 44. 
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Figure 44 Downlink service stream establishment and data transmission process 
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7.5.2 Changing the service stream 



The process of changing the uplink service stream and data transmission is as shown in Figure 45. 
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Figure 45 Uplink service stream change and data transmission process 



The downlink service stream modification and data transmission process is as shown in Figure 46. 
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Figure 46 Downlink service stream change and data transmission process 



7.5.3 Deleting the service stream 



After the service transmission ends, the STA initiates the Dynamic Service Delete process, as shown in 



Figure 47. 



After the service transmission ends, the CAP initiates the Dynamic Service Delete process, as shown in 



Figure 48. Wherein, The CAP can delete the uplink service stream by setting the direction field of the 



Dynamic Service Delete Request frame. 



STA CAP



Send dynamic service delete request frame



ACK or GroupAck



Send dynamic service delete response frame



Stop data transmission



 



Figure 47 Uplink service stream deletion process 
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Figure 48 Downlink/Uplink service stream delete process 



7.6 Resource request and resource allocation 



7.6.1 Resource request 



7.6.1.1 Resource request overview 



The resource request manners supported by this standard system are as follows: 



a) Collision-based resource request: The STA transmits the scheduling request sequence on the 
scheduling request channel; 



b) Polling: The STA issues a resource request frame within the uplink bandwidth allocated by the CAP 
in polling manner; 



c) Channel-associated resource request: The STA sends the resource request through the channel-
associated field when it has the uplink resource. 



7.6.1.2 Collision-based resources request 



When the STA needs uplink transmission resources, the STA transmits the scheduling request sequence 
on the uplink scheduling request channel to request resources. The resource request process is as shown 



in Figure 49. 
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Figure 49 Collision-based resources request 



7.6.1.3 Polling 



If the CAP has sufficient bandwidth resources, it can perform unicast polling on the STA. The CAP 
maintains a timer for each STA. When the timer expires, the CAP allocates resources to the STA for 
uplink service transmission and resets the timer. 



The polling process is as shown in Figure 50. 



The flowchart of polling is described as following: 



a) Check if the CAP has enough bandwidth for polling. 



b) If no, the process ends. 



c) If yes, check if the STA's polling timer expires. 



d) If yes, allocate resources for data transmission to the STA and reset the polling timer. 



e) If no, the process ends. 
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Figure 50 Polling flow chart 



7.6.1.4 Uplink unscheduled transmission 



In some emergent scenarios where the time delay is tightened, the CAP supports the uplink unscheduled 
transmission. It can be achieved by the resources reserved in the uplink UL-TCH and using the BSTAID 
to allocate broadcast resources to the uplink, to provide the STA with a schedule-free information 
reporting channel. In this case, the uplink broadcast CCH can be formed by using the BSTAID to scramble 
the unicast signaling of the UL defined in section 8.4.2. The uplink of the same physical frame can be 
configured with multiple uplink broadcast CCH broadcast resources. The users compete for broadcast 
resources by the pre-negotiated mechanism.  



7.6.2 Resource allocation 



The STA requests for resources according to the FID service stream, and the CAP allocates the 
resources to the STA through the CCH. The resource allocation between all FID streams of the STA is 
completed by the STA internal scheduling. The resource request and the distribution process are as 



shown in Figure 51. 
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Figure 51 Resource request/ assignment process 



7.7 Service type and QoS 



7.7.1 QoS 



The QoS parameters of the service stream are as follows: 



- Service type: This parameter identifies the unique type of the service. 



-  Service priority: This parameter specifies the priority assigned to a service stream. 



-  Service guarantee rate: This parameter defines the basic rate that guarantees the service, in bits per 
second, which matches the SDU rate entered by the IP Adaptation Layer. This parameter does not 
cover the rate occupied by the MAC. 



-  Maximum service rate: This parameter describes the maximum service rate that the system provides 
to the service for rate shaping. Additional data beyond this rate will be discarded. The unit is bit per 
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second. And it matches the SDU rate entered by the IP Adaptation Layer. This parameter does not 
cover the rate occupied by the MAC. 



7.7.2 Service type 



According to the QoS parameters of the service, eight types of services are defined at the MAC layer, 
and are classified into reserved resources and non-reserved resources. The service type 0 to 4 belong 
to the reserved resource class, and the system reserves the transmission bit rate for the corresponding 
services; the service type 5 to 7 belong to the unreserved resource class, and the system does not 
guarantee the transmission bit rate for the corresponding services.  



The service type and parameter requirements are as shown in Table 31. 



Table 31 Application categories and main QoS parameters of eight services 



Service 
type 



Resource 
Type 



Priority Delay budget 
Packet loss 
rate budget 



Service example 



0 



Reserved 
resources 



1 50 ms 10-3 Emergency safety service 



1 2 100 ms 10-2 Voice session 



2 4 150 ms 10-3 
Video session (real time streaming 
service) 



3 3 50 ms 10-3 Real-time game 



4 5 300 ms 10-6 
Non-session video (cache stream 
service) 



5 



No resources 
reserved 



6 100 ms 10-3 Interactive game 



6 7 300 ms 10-6 
Video (cache streaming service), 
TCP-based services (for example, 
WWW, FTP, P2P file sharing, etc.) 



7 8 1000 ms 10-6 
Background E-mail reception, file 
download and file printing with low 
transmission time requirements 



7.8 Fragmentation and reassembly 



The process of dividing an MSDU/ MMPDU into a smaller set of MAC frames is called fragmentation, as 



shown in Figure 52. Fragmentation is done by the sender. The process of multiple fragments be 



reassembled together at the receiving end is reassembly. 
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Figure 52 MAC frame fragmentation 



In the instant acknowledgement mode, when the remaining resources of the physical frame are 
insufficient to send an entire data packet, a part of the data may be transmitted first by the fragment 
according to the remaining resource size, thereby occupying the entire channel so as to improve the 
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utilization of the channel resource. The fragment transmission condition can be judged by the instant 
acknowledgement. When the fragment transmission succeeds, the next physical frame continues to 
transmit the remaining portion, and the remaining portion can be fragmented again according to the 
channel resource condition. When fragment transmission fails, it can be re-fragmented according to the 
channel resources. The fragment size is not required to be the same as the last fragment length, but it 
needs to meet the requirement that each physical frame can only transmit the same fragment in the data 
package with the same sequence number. In multi-connection mode, multiple copies of one package with 
one sequence number in one physical frame must be consistent. The receiver reassembles according to 
the sequence number of the package, fragment sequence number and fragmentation instructions. When 
receiving multiple pieces of data with the same sequence number and fragment sequence number, the 
last received data shall prevail.  



7.9 Instant acknowledgement (IACK) and re-transmission mechanism 



All non-broadcast management control frames in this specification, except random access request 
response frame and independent resource request frame, need to send acknowledgement frame or 
implied acknowledgement. The implicit acknowledgement means that the response frame for the unicast 
management control frame can be regarded as the acknowledgement frame. The non-broadcast 
management control frame does not need to be immediately acknowledged, and the response frame is 
allowed to respond within the maximum permitted number of physical frames. If the response frame sent 
by the CAP does not receive the acknowledgement frame of the STA, the response frame can be re-
transmitted until the “maximum number of re-transmissions of the MPDU” is reached. When it exceeds 
the maximum number of re-transmissions of the MPDU, the sender will discard the frame. 



This specification adopts the frame structure of the self-contained frame, which can be reasonably 
scheduled and complete group acknowledgement on the data of the last time period in the next time 
period quickly and efficiently. The time period mentioned here is one of the downlink period or the uplink 
period of the physical frame. The sender determines the data frame to be acknowledged immediately or 
in a delayed manner. By default, the instant acknowledgement is used to reduce the system delay. The 
group acknowledgement frame (Group ACK) of the instant acknowledgement type transmits in the short 
signaling channel of the next time period in a highly reliable manner, enabling an efficient group 
acknowledgement. The receiver determines whether the acknowledgement is needed immediately 
according to the immediate/delayed acknowledgement field of the MAC header. If the acknowledgement 
frame is not received in the next time period, the data frame can be re-transmitted before the maximum 
number of MPDU re-transmissions is reached. After it exceeds the maximum number of MPDU re-
transmissions, the sender will discard the frame. The next time period mentioned here may be from an 
uplink physical frame period to a downlink physical frame period, or vice versa. When the MPDU is re-
transmitted, the Sequence Number and Fragment Sequence Number remain unchanged. 



For the service message with low time delay and high reliability, multiple copies are created in the 
adaptation sublayer by means of message copying. The above-mentioned messages are detected in 
the adaptation sublayer on the receiving end to avoid duplicate message delivery. If the physical frame 
receives a copy of any message, it instantly acknowledges and there is no need to re-transmit. 
Otherwise, it can be fast re-transmitted in the next time period. The re-transmission also uses the 
message copying manner to improve reliability. 



 



7.10 Frame acknowledgement 



In this specification, ACK frame or Group Ack frame are used for acknowledgement. 



For the management control frame, the unicast management control frame without corresponding 
response frame needs to use ACK or Group Ack for acknowledgement. Otherwise, the corresponding 
response frame is used directly for acknowledgement, and the corresponding response frame list is as 



shown in Table 32. 



Table 32 Corresponding response frame list 



Request frame Corresponding response frame 
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Random access request frame (RA-REQ) Random access response frame (RA-RSP) 



STA basic capability request (SBC-REQ) STA basic capability response (SBC-RSP) 



Uplink dynamic service addition request (DSA-
REQ) 



Dynamic service addition response (DSA-RSP) 



Uplink dynamic service change request (DSC-
REQ) 



Dynamic service change response (DSC-RSP) 



Uplink dynamic service delete request (DSD-
REQ) 



Dynamic service delete response (DSD-RSP) 



Group acknowledgement request frame (Group 
AckReq) 



Group acknowledgement frame (Group Ack) 



Sleep request frame (SLP-REQ) Sleep response frame (SLP-RSP) 



The ACK frame and the Group Ack frame no longer require other frames for the acknowledgement. 



According to the fragment acknowledgement indication field in the DSS-REQ/DSA-RSP or DSS-
REQ/DSC-RSP messages, if the field is 0, it indicates that the fragment /assembly acknowledgement 
mechanism is adopted. The sender sends multiple fragments in sequence, and the receiver does not 
acknowledge for the individual fragment. After the receiver correctly receives all the data fragments, the 
entire data frame is acknowledged. After the sender sends all the fragments, if the acknowledgement is 
not received, the entire data frame needs to be re-transmitted instead of re-transmitting the fragments of 
the data frame. 



For fragmented and unfragmented data frames, either ACK or Group Ack mode can be used for 
acknowledgement. 



The waiting interval of the instant frame acknowledgement is a time period. While the waiting interval of 
the delayed frame acknowledgement is determined by the sender. 



The receiver will send the MSDU to the next MAC processing flow in ascending order of SN. Any MSDU 
sent to the next MAC processing flow will be removed from the cache. 



7.11 Link adaptation 



7.11.1 Downlink adaptation 



7.11.1.1 Downlink adaptation overview 



The CAP end adaptively selects different physical layer transmission modes for the STA according to the 
channel quality information (CQI), service type, packet loss rate fed back by the STA, including the MIMO 
working mode, coding type, and MCS etc.  



7.11.1.2 Request-response based feedback mechanism 



The request-response based feedback mechanism means that the CAP actively sends CQI feedback 



request, as shown in Figure 53. 
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Figure 53 Request-response based downlink adaptation 



7.11.1.3 Active feedback 



The STA can actively send a CQI to the CAP. The feedback of the required resources can be acquired 
by the following means: 



a) CQI feedback is directly aggregated with the data and transmitted using the allocated uplink data 
resources; 



b) The STA carries the resource request reported by the corresponding CQI in the uplink data frame, 
and then the CAP allocates resources; 



c) The STA sends the resource request by sending a scheduling request sequence, and feeds the 
request resource allocation back to the CQI. 



In the case of active feedback, the CQI information is encapsulated into CQI-FB frame. 



7.11.2 Uplink adaptation 



The CAP can adaptively adjust the Physical Layer transmission mode for the STA according to 
information such as the uplink quality, service type, uplink power and packet loss rate of the STA.  



7.11.3 Closed-loop MIMO mode 



Closed-loop MIMO operating modes include SU-MIMO and MU-MIMO. Among them, SU-MIMO can be 
used as a special case of MU-MIMO to be processed by a unified MAC layer processing flow, as shown 



in Figure 54. 
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Figure 54 Downlink closed-loop MIMO working mode flow 



7.12 Quit network process 



When the STA wants to quit the network, it actively sends a quit network frame to the CAP, and after 
receiving the ACK feedback from the CAP, it can exit the network. The downlink CAP may send a quit 



network frame to the STA, requesting the STA to exit the network, as shown in Figure 55 and Figure 56. 
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Figure 55 Uplink quit network process 
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Figure 56 Downlink quit network process 



7.13 Random backoff 



A binary exponential backoff algorithm is used to handle collisions. The sizes of the minimum and 
maximum back-off windows of the binary exponential backoff algorithm are controlled by the CAP and 



broadcast in BCF frames (see Table 3). 



The random backoff steps are as follows: 



a) Step 1: When the STA sends the random access sequence or the scheduling request sequence, first 
set its internal backoff window equal to the minimum backoff window CW min in the BCF frame; 



b) Step 2: The STA sends a random access sequence on the random access channel or a scheduling 
request sequence on the scheduling request channel. 



c) Step 3: The STA waits for resource allocation information for the random access request or the 
resource request in the subsequent CCH; 



d) Step 4: If the STA receives the resource allocation information, the processing ends; 



e) Step 5: If the resource allocation information for the random access request or the resource request 
is not detected in the CCH within the "Random Access Maximum Waiting Frame Interval" or the 
"Scheduling Request Maximum Waiting Frame Interval", the STA regards this as conflict; 



f) Step 6: The STA will randomly select the backoff value within [0 2m-1·CW min] (the backoff window is 



not greater than the maximum backoff window), and the backoff unit is one frame, where m 
represents the number of re-transmissions; 



g) Step 7: After the backoff counter counts to 0, the STA sends the random access sequence or 
scheduling request sequence again. Then, repeat steps 4, 5, 6, and 7 until the "maximum number 
of attempts for random access" is reached. 



7.14 Exception handling 



7.14.1 Exception handling overview 



Exception handling is divided into two types, i.e. exception caused by conflicts and exception caused by 
unexpected situations. 
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7.14.2 Exception handling caused by conflicts 



7.14.2.1 Random access sequence conflict 



After the STA sends the random access sequence, if the resource allocation information of the CAP is 
not obtained after the “Random Access Maximum Waiting Frame Interval” is expired, it is regarded as 
the random access fails and the random access process needs to be restarted. 



After the STA sends the random access request frame, if the random access response frame is not 
received after the “Random Access Maximum Waiting Frame Interval” is expired, it is regarded as the 
random access fails and the random access process needs to be restarted. 



7.14.2.2 Scheduling request sequence conflict 



After the STA sends the scheduling request sequence, if the resource allocation information of the CAP 
is not obtained after the “Scheduling Request Maximum Waiting Frame Interval” is expired, it is regarded 
as the resource request fails and needs to be request again. 



After the STA sends the independent resource request frame, if the resource allocation information of the 
CAP is not obtained after the “Resource Request Maximum Waiting Frame Interval” is expired, it is 
regarded as the resource request fails and needs to be request again. 



7.14.3 Exception handling caused by unexpected conditions 



7.14.3.1 STA out of sync 



If the STA does not receive the BCF frame until the BCF timer expires, it is considered that the STA has 
lost synchronization with the CAP and needs to re-access the network. 



7.14.3.2 Successive transmission failures of central access point 



After the CAP sends an MPDU/G-MPDU to the STA, if it does not receive the correct acknowledgement 
from any MPDU, it is considered that the transmission fails and starts the counter to count the number of 
transmission failures. If it fails to transmit the subsequent of MPDU/G-MPDU to the STA successively, 
the number of transmission failures is accumulated. If the correct acknowledgement of any MPDU is 
received, the accumulated counter will be reset. If the accumulated value exceeds the “maximum number 
of consecutive transmission failures allowed by the CAP to the STA”, the CAP considers that the STA is 
abnormal and deletes it from the active STA list. 



7.14.3.3 Random access phase anomaly 



After the STA sends the random access sequence and waits until the "Random Access Maximum Waiting 
Frame Interval" expires, if it does not receive the resource indication of the random access request frame 
sent by the CAP, the random access sequence shall be resent. After receiving the STA random access 
sequence and waiting until the "Random Access Maximum Waiting Frame Interval" expires, if the CAP 
does not receive the random access request frame from the STA, it deletes all the information of the 
corresponding STA. After the STA sends the random access request frame and waits until the "Random 
Access Response Maximum Waiting Frame Interval" expires, if it does not receive the random access 
response frame from the CAP, it re-sends the random access sequence. The STA detects the MAC 
address of the STA in the received random access response frame. If the address does not match the 
STA's own address, the random access sequence will be resent. 
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7.14.3.4 Capability negotiation phase anomaly 



After the STA receives the random access response frame of the CAP and waits until the “STA Basic 
Capability Request Frame's Maximum Waiting Frame Interval” expires, if it does not receive the resource 
indication of the STA basic capability request frame, it is considered that the capability negotiation fails 
and the random access process is restarted. 



After the STA sends the STA basic capability request frame and waits until the “STA Basic Capability 
Response Frame's Maximum Waiting Frame Interval” expires, if it does not receive the STA basic 
capability response frame, it is considered that the capability negotiation fails and the random access 
process is restarted. 



After the CAP sends the STA basic capability response frame and waits until the “STA Basic Capability 
Response Frame Acknowledgment's Maximum Waiting Frame Interval” expires, if it does not receive the 
acknowledgement of the STA basic capability response frame from the STA, it is considered that the 
capability negotiation fails. Before the maximum waiting frame interval for the STA basic capability 
negotiation response frame acknowledgement expires, the CAP can re-transmit the STA basic capability 
response frame. 



7.14.3.5 Dynamic service stream management phase anomaly 



In the uplink service stream management process, the STA sends the service stream management 
request. If the “maximum waiting frame interval of the service stream response frame” expires, it is 
considered that the service stream management process fails. After the CAP sends the the service 
stream response frame, if the "maximum waiting frame interval of the acknowledgement of the service 
stream response frame” expires, it is considered that the service stream management process fails. 



After the CAP sends the service stream management request frame, if the "maximum waiting frame 
interval of the acknowledgement of the downlink service stream request frame” expires, it is considered 
that the service stream management process fails. 



After the re-transmission times of the CAP sending service stream management request response frame 
exceed the limit, the CAP actively initiates the process of deleting the service stream. During the downlink 
service stream management process, after the re-transmission times of the CAP sending service stream 
management request exceed the limit, the CAP actively initiates the process of deleting the service 
stream. In the above two processes, after the accumulated re-transmission times of the CAP exceed the 
“maximum times of consecutive CAP re-transmission”, the CAP considers that the STA is abnormal and 
actively removes it from the active STA list. 



7.15 Channel switching management 



7.15.1 General 



The system supports CAP and STA networking with different bandwidth capabilities and communicates 
with each other. The EUHT system uses working bandwidth 1 as the basic channel bandwidth, and 
supports working bandwidth 2 and working bandwidth 3 continuous or discontinuous bandwidths by 
spectrum aggregation. The multichannel working mode supported by the EUHT includes the aggregation 
mode according to whether the intermediate protection subcarrier is used for data transmission, and the 
specific aggregation modes can be seen at section 8.11. 



In the EUHT system, the MAC layer uniformly manages and controls multiple subchannels, i.e. the CAP 
determines the bandwidth mode to be adopted by the STA for each transmission at the PHY layer 
according to the currently available bandwidth, the bandwidth capability of the STA, and the scheduling 



result. The multichannel working mode supported by the EUHT system is shown in Figure 57. The CAP 



can support switching between STAs on different channels and working bandwidths. 
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Figure 57 Multi-carrier and multichannel working mode of EUHT system 



7.15.2 Channel switching management 



The CAP or the STA may trigger the switching of the working bandwidth or the channel, or trigger the 
switching of the working bandwidth together with the channel according to the channel measurement 
result. The channel switching is to switch from one channel to another, and the working bandwidth 
switching refers to the switching of the working bandwidth between working bandwidth 1, working 
bandwidth 2 and working bandwidth 3. 



The CAP can change the CAP working channel and the CAP working bandwidth domain through the 
channel switch information frame. 



If the STA needs to perform channel switching, the CAP needs to send a channel switch information 
frame to the STA to notify the STA of the channel switching related operation parameters. For details, 
see 6.3.4.14. 



Note: The channel switching management here only applies to the CAP operating in consecutive 
subchannels. 



7.16 Power saving management 



7.16.1 General 



The STA has two power states: 



- Active state: that is, the STA is in a normal communication mode with full power; 



- Sleep state: the STA is in a low power state mode and cannot send and receive data. 



The transition between these two states is determined by the power management modes of the STA. 
The management modes are as follows: 



- Active mode (AM) means that the STA is active and can receive frames at any time. 



- Sleep Mode (SM) means that the STA is in a lowest power state within a certain period, thereby 
saving power and air interface resources. 



In sleep mode, the sleep cycle includes a sleep window and a listening window. In the sleep window, the 
STA cannot communicate with the CAP. At this time, one or more hardware devices can be turned off in 
one or more physical frames to save power. There will be a listening window at the end of each sleep 
window. Within the listening window, the CAP indicates the STA whether there is data arriving through 
the DTF-IND frame. After the listening window ends, if the STA receives the data arrival indication, it exits 
the sleep mode and is ready to receive data. Otherwise, it maintains the sleep mode and returns to the 
sleep window. 
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7.16.2 Power saving mechanism 



7.16.2.1 Overview of power saving mechanism 



The sleep mode applies to both STA and CAP. The sleep mode of STA can be triggered by the STA or 
each CAP. The sleep parameter can be negotiated between the STA and the CAP through MAC layer 
signaling. The sleep mode of CAP is triggered by CAP. 



7.16.2.2 Sleep triggered by STA 



When the STA does not transmit uplink data for a certain period of time, it can trigger the corresponding 
sleep operation, and negotiate the parameters such as the sleep period and the sleep start time with the 
CAP through the corresponding management control frame interaction (SLP-REQ/SLP-RSP). For details, 
see 7.3.4.15 and 7.3.4.16. 



The CAP caches the downlink data for the STA in the sleep mode. When the cached data reaches a 
certain threshold, the CAP sends a DTF-IND frame in the listening window to activate the sleeping STA. 



The specific process is shown in Figure 58. 
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Figure 58 Example -- sleep triggered by STA, waked up by CAP 
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7.16.2.3 Sleep triggered by CAP 



The CAP notifies the STA to enter the sleep state through the SLP-RSP frame according to the working 
state of the STA, and carries the sleep parameters of the STA in the SLP-RSP frame. 



During the STA sleep period, the CAP caches the downlink data of the STA. When the cached data 
reaches a certain threshold, the CAP sends a DTF-IND frame in the listening window to activate the 



sleeping STA. The specific process is shown in Figure 59. 
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Figure 59 Process -- sleep triggered by CAP and waked up by CAP 



7.16.2.4 Wake-up by STA 



If the sleeping STA has uplink data to be transmitted, the STA can actively terminate the sleep and enter 



the active state. The specific process is shown in Figure 60. 
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Figure 60 Process of wake-up by STA/CAP 



7.16.2.5 Wake-up by CAP 



CAP caches downlink data of STA in STA sleep period. When cached data reach a certain threshold, 
CAP sends DTF-IND frame in monitoring window to active sleep STA. In this case, the sleeping STA 
terminates sleep mode when the TI indication field in DTF MAC frame is 1. The specific process is also 



shown in Figure 60. 



 



7.16.2.6 Power Saving for CAP 



In the wireless transmission, the BCF frame must be transmitted periodically. The BCF frame is used in 
the STA to detect the CAP and obtain the basic information on the CAP. The BCF interval and the physical 
frame length can be configured through the network. The BCF interval range is up to 65535ms. The 
physical frame length in BCF frame is one of the sets of {0.5, 1, 1.6, 2, 2.5, 4, other} ms. The higher value 
of BCF interval will increase the energy efficiency of CAP. If there is no data to transfer in the network, 
CAP may enter hibernation mode after sending one physical frame which contains BCF to allow terminal 
to join the network or request to access network. Following by one physical frame to allow terminal to join 
the network or request to access network. Also, the hibernating CAP is ready to receive RA PN in every 
RA channel. The period of physical frames containing RA channel can be configured. In practice, the 
typical BCF interval is 100ms to reduce the access latency. Therefore, the hibernation rate can be about 
99.5%.  
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7.17 System configuration parameters 



System configuration parameters are shown in Table 33. 



Table 33 System configuration parameter settings table 



Parameter name Defaults Description 



Random access maximum 
waiting frame interval 



4 
The maximum number of waiting frames that can be allowed 
after the STA sending the random access sequence. 



Random access response 
maximum waiting frame interval 



4 
The maximum number of waiting frames that can be allowed 
after the STA sending the random access request frame. 



STA Basic Capability Request 
Maximum Waiting Frame Interval 



4 
The maximum number of frames that the STA waits for the 
CAP to allocate resources to it after receiving the random 
access request response frame. 



Maximum frame interval of STA 
basic capability response frames 



4 
The maximum number of waiting frames that  can be allowed 
after the STA sending the STA basic capability request 
frame. 



STA Basic Capability Response 
Frame Acknowledgment's 
Maximum Waiting Frame Interval 



4 
The maximum number of waiting frames that  can be allowed 
after the CAP sending the STA basic capability request 
frame 



Maximum waiting frame interval 
of traffic stream response frame 



4 
The maximum number of waiting frames that can be allowed 
after the STA sending the service stream request frame. 



Maximum waiting frame interval 
of the acknowledgement frame 
of the downlink service stream 
request 



4 
The maximum number of waiting frames that can be allowed 
after the CAP sending the service stream request frame 



Maximum waiting frame interval 
of the acknowledgement of the 
service stream response frame 



4 
The maximum number of waiting frames that can be allowed 
after the CAP sending the service stream response frame 



Scheduling Request Maximum 
Waiting Frame Interval 



4 
The maximum number of waiting frames that can be allowed 
after the STA sending the scheduling request sequence 



Resource Request Maximum 
Waiting Frame Interval 



4 
The maximum number of waiting frames that can be allowed 
after the STA sending the independent resource request 
frame. 



Maximum number of 
consecutive failed transmissions 
allowed by the CAP to the STA 



20 
The number of consecutive transmission failures that the 
CAP can tolerate for a certain STA 



MPDU maximum re-
transmission times 



5 The maximum number of attempts to re-transmit an MPDU 



Maximum number of attempts for 
random access  



10 
The maximum number of times the STA can try the Random 
Access 



Max Buffer Size of the 
connection in which FID is 0 



16 
The connection with FID of 0 can buffer 16 MPDU at 
maximum  



7.18 Identification and confidentiality 



The identification and confidential mechanism of EUHT is completed by the cooperation between the 
STA on the mobile station side and the network side. The security mechanism of the “identification and 
authentication generated by negotiation with keys” is adopted to achieve the two-way identification and 
authentication between the network and the mobile station so as to ensure authorized access of the 
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legitimate users. And the encryption and decryption keys for secure data transmission are generated 
during the identification and authentication process to ensure the security of data transmission. 



In order to enhance security, the root key is not transmitted in the air interface and network path, but only 
local to the STA and network side. 



The two-way authentication between the mobile station and the network is possible, that is, the network 
can identify the mobile station and the mobile station can also identify the network. Isolation of 
encryption and decryption keys on data plane is possible: each STA encrypts and decrypts with a 
different and individual key on each CAP. The encrypted and decrypted data plane messages can be 
securely transmitted. The security of control signaling is critical to the security of radio communication 
systems. The system can enter the secure transmission mode after being authenticated. It encrypts and 
decrypts the control signaling through the encryption and decryption algorithm to ensure the secure 
transmission of key signaling in the control layer. At the same time, the system has a CRC checking 
mechanism in the MAC layer to ensure that the integrity of the control signaling is not falsified.  
The AES encryption and decryption algorithm can be used to encrypt and decrypt data packets, 
ensuring the secure transmission. 



7.18.1 Authentication flow 



The MME (Mobility Management Entity) network element is introduced into the system to implement the 
authentication function of the Authentication Server. A peer-to-peer control protocol flow is added 
between the STA and the MME to realize the function. A peer-to-peer control protocol flow is added 
between the CAP and the MME to support the implementation of the function. The specific 



authentication process supported by this system is as Figure 61: 
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Figure 61 Authentication flow 



 



1. RA process 



2. In the SBC process, the STA carries the initial network access in the SBC_REQ signaling, and the 
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CAP informs the STA in the SBC_RSP signaling that the upper layer authentication process needs to 
be initiated.  



3. Specific authentication process is described as follows: 



3.1 The STA sends an uplink message ul_info (which carries the up layer signaling "Register Request, 
which carries the STA ID information"). 



3.2 After receiving the message, the CAP sends a context establishment request (in which the up layer 
signaling "Register Request” is carried).  



3.3 After receiving the message, the MME finds the corresponding root key according to the carried 
STA ID, and calculates a set of authentication vectors by using a security algorithm, where the 
response value is used for subsequent authentication of the STA. And a downlink message, which 
carries the up layer signaling "authentication request, carrying specific authentication vectors such as 
RAND, AUTN etc.", is sent, expecting the STA to use the authentication vectors to calculate an 
response value to report to the network.  



3.4 After receiving the message, the CAP sends a downlink message dl_info (which carries the up layer 
signaling "authentication request, carrying specific authentication vectors such as RAND, AUTN, etc.").  



3.5 After receiving the message, the STA calculates a set of authentication vectors according to the 
root key by the security algorithm, and puts the calculated response value into the up layer signaling 
"Authentication Response" and sends it to the CAP.  



3.6 The CAP sends the received message to the MME through an uplink message ("Authentication 
Response, carrying the specific response value calculated by the STA"). 



3.7 After receiving the authentication response message, the MME compares the response values 
carried in the authentication response with those calculated by the MME. If they are consistent, the 
authentication is passed, and the key is derived to obtain the first layer key, which is sent to the CAP. At 
the same time, a downlink message is sent, which carries the up layer signaling "registration success".  



3.8 After receiving the message, the CAP derives the second layer key for subsequent encryption and 
decryption. Simultaneously, a downlink message, which carries the up layer signaling "registration 
success", is sent. After receiving the message, the STA learns that the network authentication has been 
passed, and uses the root key to derive the second layer key. The STA and the CAP use the second 
layer key as the key for encrypting and decrypting the data message.  



        



(Note: If the Response value calculated by the MME is not consistent with the MME's own calculation, 
the MME considers it to be an illegal user and will reject the registration process. The STA will not be 
allowed to perform service transmission in the following). 



 



7.19 Mobility management 



Mobility management is mainly divided into two categories based on the state of the STA, i.e.  mobility 
management in idle state and in connection state. The mobility management in the idle state is mainly 
performed through the cell reselection process, and that in the connection state through the handover 
process. 



7.19.1 Cell re-select process 



In idle mode, cell reselection is triggered during monitoring the channel quality measurements of the 
serving cell and neighboring cells. The serving cell may indicate and configure the STA to search and 
measure information of neighboring cells by measuring the response message. The criteria for cell 
reselection relate to measurements of serving cells and neighboring cells. The STA determines whether 
to initiate the cell reselection process according to the reselection decision criterion based on the 
current channel quality measurement result and the configured threshold value at the Network network 
side. Once it is determined to reselect the target cell, the STA initiates a network access procedure with 
the target cell. After the target cell completes the network access procedure, the STA may stay in the 
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local cell and send a location update message to the core network. The process is as shown in Figure 
62. 



STA CAP-S CAP-D



Channel 



measurement



MME/SCG



Send PN code



Resource allocation CCH



RA-REQ



RA-RSP



Location update



STA leaves CAP-S and 



starts to add to CAP-D



Measurement 



response (CM-RSP)



Cell re-selection.



Network 



access



Location 



update



SBC-REQ



SBC-RSP



Measurement 



request (CM-REQ)



 



Figure 62 Cell re-select process 



7.19.2 Handover management 



7.19.2.1 Basic handover procedure 



When the STA is in the service connection state, its mobility management can be performed through 
the handover process. The handover procedure covers the channel measurement handover triggering, 
the handover decision and preparation, and the handover execution. The basic handover procedure is 



shown in Figure 63.  



- Channel measurement:  



To assist the handover decision, the CAP may allocate a corresponding time interval for the STA to 
perform channel scan measurement, and report channel measurement results of the serving cell and 
the neighboring cells, in preparation for subsequent channel switching and cell handover.  



The measurement steps are as follows: 



Step 1: the STA measures the average Received Signal Strength Indication (RSSI) of the working 
channel of the current cell. 



Step 2: the average RSSI measurement value of the working channel of the current cell is compared 
with the set threshold value RSSI_DL_DROP. When the measured value is less than the threshold 
value RSSI_DL_DROP, the timer starts counting. 



Step 3: If the measured value of the average RSSI of the current cell in the set lag time T1 is less than 
the threshold RSSI_DL_DROP, send a measurement request message to the CAP-S. 



Send PN code 
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Figure 63 Basic process of handover 



Step 4: According to the measurement response message returned by the CAP-S, which carries the 
allocated measurement time and candidate cell list information, measurement of the candidate cell starts, 
and the RSSI of the working channel of the candidate cell is measured.  



Step 5: If the candidate cell meets the handover condition, a handover request containing the average 
RSSI measurement value of the working channel of the candidate cell is sent to the CAP-S.  



The CAP-S makes a handover decision according to the handover request sent by the STA and executes 
the subsequent handover procedure.  



- Handover triggering 



The handover may be triggered by the STA according to the channel change; for the STA-triggered 
handover, the STA sends a HO-REQ message to the CAP-S to trigger the handover procedure, and then 
starts the signaling interaction prepared by the handover between the CAP and the CAP.  



The network side can also initiate handover according to the purpose of load balancing. For the handover 
triggered by the network side, the network side sends a HO-CMD message to the STA to trigger the 
handover by the CAP-S, and the handover preparation interaction procedure between the CAP-S and 



the CAP-D is completed before the handover triggering, as shown in Figure 63.   



- Handover decision and preparation 



For the STA-triggered handover, the CAP-S may send a handover preparation message to one or more 
candidate CAPs according to the recommended one or more candidate CAP information carried by the 
HO-REQ message, and query parameters such as available resources to determine the target CAP-D 
for the STA. The STA is notified by the HO-CMD message.  



For the handover triggered by the network side, the network side selects the target CAP for the STA 
according to the previous handover preparation interaction, and carries the target CAP-D information 
through the HO-CMD message. Once the CAP-D is determined, the CAP-S can send STA capability 
information, service context and other information to the CAP-D through the backbone network before 
handover to optimize the handover performance.  



In this phase, the CAP-D can pre-allocate the temporary STAID parameters, send them to the STA 
through the CAP-S and by the HO-CMD message. After receiving the HO-CMD command, the STA shall 
update the information according to the parameters carried by the HO-CMD, including the TSTAID that 
shall be assigned to the CAP-D by the STAID. And the authentication message shall be the authentication 
and other messages used by the CAP-D. If the CAP-D has assigned TSTAID to the STA during the 
handover process, then the FID used by the STA does not need to be updated during the handover 
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process. 



- Handover execution 



Upon receiving the HO-CMD message, the STA begins executing the CAP-D network access procedure 
within the specified handover time. If the HO-CMD message carries the TSTAID parameter assigned by 
the CAP-D, during the validity period of the temporary STAID parameter, the STA shall use the TSTAID 
parameter to complete the access procedure that is not conflict with the CAP-D. That is, the STA waits 
for the resource indication allocated by the TSTAID to proceed with the competition-free access, wherein 
the station can implement seamless frame handover between the same frequency or different frequency 
points with the lowest delay in the handover execution, and achieve fast synchronization and seamless 
acquisition of main control signaling. If the temporary STAID expires, the STA shall randomly select the 
PN code to compete for the random access in the RACH channel. After receiving the ranging code, the 
CAP-D will send the ranging CCH and allocate the uplink bandwidth of the RA-REQ. After the STA 
receives the RA-RSP, the STA successfully accesses the CAP-D, that is, the STA can communicate 
normally. 



- Handover completed 



After the STA and the CAP-D can communicate normally, the CAP-D sends an update routing message 
to the MME/SCG to update the background routing. 



7.19.2.2 Handover process 



Since the handover process is a complex process that spans multiple network entities across multiple 
layers of protocols, the following describes the most basic handover process of the air interface in this 
system.  



The handover process triggered by the STA as an example is shown in Figure 64. The dotted line portion 
is an optional step, and the handover process is determined according to the indication type of the 
handover command.  



The handover steps are as follows:  



a) When the signal quality (average RSSI) of the current cell has been lower than the measurement 
threshold for a certain period of time, the STA sends a measurement request message to the 
current serving cell (CAP-S). 



b) The CAP-S returns the measurement response message, and allocates channel measurement 
time to the STA and carries candidate list information.  



c) The STA judges the handover condition based on the channel measurement result. If the received 
signal quality (average RSSI) exceeds the handover threshold for a period of time, the handover 
request is sent to the CAP-S to trigger the handover.  



d) The CAP-S performs a handover decision according to the recommended candidate CAP carried in 
the handover request, and determines the target CAP-D.  



e) The CAP-S sends a handover preparation message to the target CAP-D1 to reserve the handover 
resource.   



f) The CAP-S sends a handover command message to the STA. The handover command message 
carries a handover type indication.  



g) After receiving the handover command, the STA initiates a handover process to the CAP-D 
according to the relevant parameters carried in the handover command. According to the handover 
type carried in the handover command message, the STA enters different handover processes.  If 
the handover type is Re-Access Type, the STA will initiate an access process on the CAP-D, which 
is the same as the network access process. If the handover type is competitive access, it is accessed 
following steps 8) to 11), and the capability negotiation process is omitted. If the switch type is 
competition-free access, it is handed over following step 12) 



h) The STA transmits the PN code on the RACH channel of the CAP-D, and adopts the competitive 
access mode in the same manner as the new STA.   



i) After receiving the PN code, the CAP-D sends the uplink resource allocation CCH that transmits the 
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RA-REQ and carries power and uplink TA information.  



j) The STA sends an RA-REQ on the allocated resource, and carries the STA MAC address.  



k) After receiving the RA-REQ, the CAP-D sends the RA-RSP and assigns a unique STAID.  



l) In the competition-free access mode, the CAP-D needs to assign the STAID to the user in advance, 
and informs the STA in the handover command of the temporary STAID and other information 
allocated by the CAP-D; the STA completes the synchronization and obtains the control signaling of 
the new base station with the minimum delay so as to achieve seamless frame handover.  



m) The CAP-D sends a route update message to the core network device MME/SCG to recover the 
downlink service transmission.   



n) So far, the STA completes the uplink and downlink service handover through the CAP-D, and notifies 
the CAP-S to release the resources.  
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Figure 64 Example of air interface handover process triggered by STA 



7.19.2.3 Lossless Handover 



EUHT system supports mobility by using the network control and STA-assisted handover mechanism. 



 The network provides measurement configuration information to STA. According to the network 
configuration information, when the STA detects that the threshold of start-up measurement is satisfied, 
the STA initiates measurements of neighboring cells; when the STA detects that the threshold of 
measurement report is satisfied, the STA reports the measurement results to the network.  



 In the handover process, the source CAP decides whether to initiate the handover procedure based 
on the measured results reported by the STA. The source CAP initiates a handover procedure and sends 
a "CAP Handover Request" message to the target CAP when the source CAP judges that the handover 
condition is satisfied. The message carries service flow info, security info, etc. The info helps the target 
CAP establish Radio Bearer and restore Air Interface data transmission. 



 The target CAP provides some information to help the STA have access to the target CAP. The 
target CAP sends the information to the source CAP through the "CAP Handover Response" message. 
Then the source CAP sends the information that can be used in the target CAP to the STA by sending 
the "Handover Command" message through the air interface so as to help the STA access the target 
CAP when it hands over.  



 For some data flow services that are required to support lossless handover, in the handover process, 
the source CAP will forward the buffer memory of the target CAP the data packets that have been sent 
to the STA through the air interface and have not received ACK from the STA. Meanwhile, the source 
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CAP also forwards the buffer memory of the target CAP the data packets newly received from the network 
side in the handover process.  



 The STA synchronizes and accesses the target CAP according to the information received from the 
source CAP in the "Handover Command" message. 



 The target CAP sends a “Path Update" message to the CN (Core Network)to notify the path of the 
change. The source CAP receives a “Path Release” message from the network and releases the STA 
information.  



 Through the above control plane and user plane procedure, the STA completes the handover 
procedure and establishes a new radio connection with the target CAP for data transmission. 
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Figure 65 Lossless handover flow 



mobility interruption time: 



There are some properties support 0ms interrupt time in EUHT, such as: 



The mode of multiple access is OFDMA in EUHT, thus can realize the carrier aggregation (CA) function, 
and STA could connect with source CAP and target CAP. 



RACH – less is used in EUHT, the target CAP can pre-allocate resources for STA to reduce handover 
latency. 



 











 



 Nufront (Beijing) Technology Group Co., Ltd.    78 



7.19.3 Interworking with other systems 



EUHT system can support interwork with other wireless communication systems by using dual-mode 
terminal. Take the interworking with LTE system for example. The STA of EUHT system can integrate LTE 
function. According to the wireless coverage of EUHT and LTE system, and combined with the traffic load 
of the two systems, the appropriate wireless system can be selected for communication. Mobility 
management between two systems can be supported. The main processes are as follows: 



STA receives the "Inter system selection rules" issued by the source system base station, and starts 
the measurement at the appropriate time according to the specified rules. 



According to the Inter system selection rules of the base station of the source system, when STA 
meets the criteria of measurement reporting, it will report the results of "Inter system measurement" to 
the base station of the source system. 



The base station of the source system chooses to send "Handover to Inter system command" to STA 
if it needs to handover to other system according to the result of STA reporting. 



STA executes synchronized target system base station and accesses target system network. 



 



8 Physical Layer 



8.1 Frame structure and basic parameters 



8.1.1 Frame structure 



The general physical layer frame structure is shown in Figure 66. The frame length can be dynamically 
adjusted within the allowable range. For the adaptation of the specific frame length, see Section 8.13.  
The system frame structure adopts a self-contained frame format, in which the system information 
channel broadcasts the frame structure. The channels can be controlled according to actual service 
conditions. Resources can be dynamically and adaptively allocated to uplink and downlink service 
channels and short signalling resources in one frame (see 8.5.6). The granularity of resource allocation 
is one OFDM symbol.  



Combined with the adaptation sublayer's multi-connection function, service layer’s service replication and 
arbitration functions, and spectrum aggregation function (see 8.11), system-level multi-connection and 
multichannel processing transmission can be flexibly implemented to further improve service reliability.  



 



Figure 66 General Frame Structure of physical layer 



See Table 34 for the definition of each subchannel in the frame structure. The generation procedure of 



each subchannel is described in 8.2 and can be classified into three working mode: normal mode, low-
error mode and mmWave mode. Both normal mode and low-error mode are used for sub 6GHz band, in 
which the low-error mode is used to achieve high reliability. mmWave mode is used in millimeter wave 
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band (above 24GHz, etc.). The normal mode and low-error mode can be distinguished by preamble 
sequence detection. 



The length of UGI can be adjusted in unit of samples to align the frame with timing source (GPS, etc.) 
and achieve time synchronization between multiple CAPs. 



Table 34 Subchannel definition in frame structure 



Name Function 



Short preamble sequence (S-Preamble) System coarse synchronization 



Long preamble sequence (L-Preamble) 
System fine synchronization and channel 



estimation 



System information channel (SICH) Broadcast frame structure configuration 



Transmission control channel (CCH) 
Uplink traffic channel resource scheduling 



Downlink traffic channel resource scheduling 



Downlink sounding channel (DL-SCH) Downlink channel measurement 



Uplink sounding channel (UL-SCH) Uplink channel measurement 



Uplink scheduling request channel (UL-SRCH) Uplink scheduling request 



Uplink random access channel (UL-RACH) STA initial access 



Downlink traffic channel (DL-TCH) 
Downlink data transmission  



Downlink signaling transmission 



Uplink traffic channel (UL-TCH) 
Uplink data transmission 



Uplink feedback transmission 



Downlink guard interval (DGI) Downlink to uplink transceiving guard interval 



Uplink guard interval (UGI) Uplink to downlink transceiving guard interval 



 



8.1.2 Basic parameters of orthogonal frequency division multiplexing 



There are three types of subcarrier spacing parameter, 19.53KHz, 39.0625KHz and 78.125KHz, in which 
19.53KHz, 39.0625KHz is optional for product implementation. 



With each type of subcarrier spacing parameter, different bandwidths are supported This clause 
describes the parameters of OFDM with different subcarrier spacing and bandwidth settings. 



The basic parameters of  OFDM are shown in Table 35,Table 36,Table 37. It should be noted that the 



NFFT   values in those tables are the number of subcarriers which occupy the whole bandwidth. It is 
implementation related to choose different number of points of FFT operation. 



Two cyclic prefix (CP) lengths are supported: normal CP and short CP. Only normal CP is supported in 
low error mode. 



Table 35 OFDM parameters with 19.53125 kHz subcarrier spacing 



System bandwidth BW(n) = 5/10/15/20/25/30/40/50 MHz, n=1:8 



Subcarrier spacing 19.53125kHz 



FFT sample points NFFT= 256/512/768/1024/1280/1536/2048/2560, n=1:8 



CP sample points NFFT/8  (Short CP),  NFFT /4 (Normal CP) 



Number of data 224/448/672/896/1120/1344/1792/2240 
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subcarriers 



Number of phase 
tracking pilot 
subcarriers 



6/12/18/24/30/36/48/60 



For OFDMA mode, 16/32/48/64/80/96/128/160 



Phase tracking pilot 
index 



For each bandwidth mode index n, the phase tracking pilot set is given below:  



Define basic phase tracking pilot index set: Pb = [-99, -66, -33, 33, 66, 99] 



For OFDMA mode, Pb = [-120, -103, -86, -69, -52, -35, -18, -1, 1, 18, 35, 52, 69, 
86,  103, 120] 



If BW(n)/5 is odd: k = [0, …, ( BW(n)/5-1)/2], 



{ Pb-k*256, Pb-(k-1)*256, ..., Pb, ..., Pb+(k-1)*256, Pb+k*256 } 



if BW(n)/5 is even: k = [0, …, BW(n)/10-1], 



{ Pb-128-k*256, Pb-128-(k-1)*256, ..., Pb-128, Pb+128, ..., Pb+128+(k-1)*256, 
Pb+128+(k-1)*256 } 



Number of virtual 
subcarriers 



26/52/78/104/130/156/208/260 



For OFDMA mode, 16/32/48/64/80/96/128/160 



Virtual subcarrier 
index 



For each bandwidth mode index n, the virtual subcarrier set is given below: 



Define basic virtual sbucarrier index set: Vb = [-128, ..., -116, 0, 116, ... ,127] 



For OFDMA mode, Vb = [-128, ..., -121, 0, 121, ..., 127] 



If BW(n)/5 is odd: k = [0, …, ( BW(n)/5-1)/2], 



{ Vb-k*256, Vb-(k-1)*256, ..., Vb, ..., Vb+(k-1)*256, Vb+k*256} 



If BW(n)/5 is even: k = [0, …, BW(n)/10-1], 



{ Vb-128-k*256, Vb-128-(k-1)*256, ..., Vb-128, Vb+128, ..., Vb+128+(k-1)*256, 
Vb+128+(k-1)*256 } 



FFT time window 51.2 μs 



Cyclic Prefix  6.4μs (Short CP) , 12.8μs (Normal CP) 



OFDM symbol 
period 



57.6μs (Short CP) , 64μs (Normal CP) 



 



 



Table 36  OFDM parameters with 39.0625 kHz subcarrier spacing 



System 
bandwidth 



BW(n) = 5/10/15/20/25/30/40/50/60/80/100 MHz, n=1:11 



Subcarrier 
spacing 



39.0625kHz 



FFT sample 
points 



NFFT = 128/256/384/512/640/768/1024/1280/1536/2048/2560, n=1:11 



CP sample 
points 



NFFT/8 (Short CP),   NFFT/4 (Normal CP) 



Number of data 
subcarriers 



112/224/336/448/560/672/896/1120/1344/1792/2240 



Number of 
phase tracking 
pilot subcarriers 



4/6/12/12/20/18/24/30/36/48/60 



For OFDMA mode, 8/16/24/32/40/48/64/80/96/128/160 



Phase tracking For each bandwidth mode index n, the phase tracking pilot index set is given below: 
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pilot index 1) n=1,3,5:  Pb = [-44, -22, 22, 44] ; for OFDMA mode, Pb = [-60, -43, -26, -9, 9, 26, 
43, 60] 



 n=1, { Pb } 



 n=3, { Pb-128, Pb, Pb+128 } 



 n=5, { Pb-256, Pb-128, Pb, Pb+128, Pb+256 }  



 



2) n=2,4,6,7,8,9,10,11:  Pb = [-99, -66, -33, 33, 66, 99] ; for OFDMA mode, Pb = [-
120, -103, -86, -69, -52, -35, -18, -1, 1, 18, 35, 52, 69, 86, 103, 120]  



if BW(n)/10 is odd: k = [0, …, ( BW(n)/10-1)/2]: 



{ Pb-k*256, Pb-(k-1)*256, ..., Pb, ..., Pb+(k-1)*256, Pb+k*256 } 



if BW(n)/10 is even: k = [0, …, BW(n)/20-1]: 



{ Pb-128-k*256, Pb-128-(k-1)*256, ..., Pb-128, Pb+128, ..., Pb+128+(k-1)*256, 
Pb+128+(k-1)*256 } 



Virtual 
subcarrier index 



For each bandwidth mode index n, the virtual subcarrier index set set is given below: 



1) n=1,3,5:  Vb = [-64, …, -59, 0, 59, …, 63] ; for OFDMA mode, Vb = [-64, ..., -61, 0, 
61, 63] 



 n=1, { Vb } 



 n=3, { Vb-128, Vb, Vb+128 } 



 n=5, { Vb-256, Vb-128, Vb, Vb+128, Vb+256 }  



 



2) n=2,4,6,7,8,9,10,11:  Vb = [-128, …, -116, 0, 116, …, 127]; for OFDMA mode, Vb = 
[-128, …, -121, 0, 121, …, 127]  



if BW(n)/10 is odd: k = [0, …, ( BW(n)/10-1)/2]: 



{ Vb-k*256, Vb-(k-1)*256, ..., Vb, ..., Vb+(k-1)*256, Vb+k*256 } 



if BW(n)/10 is even: k = [0, …, BW(n)/20-1]: 



{ Vb-128-k*256, Vb-128-(k-1)*256, ..., Vb-128, Vb+128, ..., Vb+128+(k-1)*256, 
Vb+128+(k-1)*256 } 



FFT time 
window 



25.6 μs 



Cyclic Prefix  3.2μs (Short CP), 6.4μs (Normal CP) 



OFDM symbol 
period 



28.8μs (Short CP), 32μs (Normal CP) 



 
 



Table 37  OFDM parameters with 78.125 kHz subcarrier spacing 



System bandwidth BW(n) = 5/10/15/20/25/30/40/50/60/80/100 MHz, n=1:11 



Subcarrier spacing 78.125 kHz 



FFT sample points NFFT= 64/128/196/256/320/384/512/640/768/1024/1280, n=1:11 



CP sample points NFFT/8(Short CP),  NFFT/4 (Normal CP) 



Number of data 
subcarriers 



56/112/168/224/280/336/448/560/672/896/1120 



For OFDMA mode, 48/112/144/224/240/336/448/560/672/896/1120 



Number of phase 
tracking pilot 
subcarriers 



2/4/6/6/10/12/12/20/18/24/30 



For OFDMA mode, 4/8/12/16/20/24/32/40/48/64/80 



Phase tracking 
pilot index 



For each bandwidth mode index n, the different phase tracking pilot set is given 
below: 
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1) n=1,3,5:  Pb = [-22, 22] ; for OFDMA mode, Pb = [-26, -9, 9, 26] 



 n=1, { Pb } 



 n=3, { Pb-64, Pb, Pb+64} 



 n=5, { Pb-128, Pb-64, Pb, Pb+64, Pb+128}  



 



2) n=2,6,8:  Pb = [-44, -22, 22, 44] ; for OFDMA mode, Pb = [-60, -43, -26, -9, 9, 
26, 43, 60] 



   n=2, { Pb } 



 n=6, { Pb-128, Pb, Pb+128 } 



 n=8, { Pb-256, Pb-128, Pb, Pb+128, Pb+256 }  



 



3) n=4,7,9,10,11:  Pb = [-99, -66, -33, 33, 66, 99] ; for OFDMA mode, Pb = [-120, -
103, -86, -69, -52, -35, -18, -1, 1, 18, 35, 52, 69, 86, 103, 120]  



if BW(n)/20 is odd: k = [0, …, ( BW(n)/20-1)/2]: 



{ Pb-k*256, Pb-(k-1)*256, ..., Pb, ..., Pb+(k-1)*256, Pb+k*256 } 



if BW(n)/20 is even: k = [0, …, BW(n)/40-1]: 



{ Pb-128-k*256, Pb-128-(k-1)*256, ..., Pb-128, Pb+128, ..., Pb+128+(k-
1)*256, Pb+128+(k-1)*256 } 



Virtual subcarrier 
index 



For each bandwidth mode index n, the virtual subcarrier set is given below: 



1) n=1,3,5:  Vb = [-32, -31, -30, 0, 30, 31] ; for OFDMA mode, Vb = [-32, ..., -27, 0, 
27, ..., 31] 



 n=1, { Vb } 



 n=3, { Vb-64, Vb, Vb+64} 



 n=5, { Vb-128, Vb-64, Vb, Vb+64, Vb+128}  



 



2) n=2,6,8:  Vb = [-64, …, -59, 0, 59, …, 63] ; for OFDMA mode, Vb = [-64, ..., -61, 
0, 61, 63] 



   n=2, { Vb } 



 n=6, { Vb-128, Vb, Vb+128 } 



 n=8, { Vb-256, Vb-128, Vb, Vb+128, Vb+256 }  



 



3) n=4,7,9,10,11:  Vb = [-128, …, -116, 0, 116, …, 127]; for OFDMA mode, Vb = [-
128, …, -121, 0, 121, …, 127]  



if BW(n)/20 is odd: k = [0, …, ( BW(n)/20-1)/2]: 



{ Vb-k*256, Vb-(k-1)*256, ..., Vb, ..., Vb+(k-1)*256, Vb+k*256 } 



if BW(n)/20 is even: k = [0, …, BW(n)/40-1]: 



{ Vb-128-k*256, Vb-128-(k-1)*256, ..., Vb-128, Vb+128, ..., Vb+128+(k-1)*256, 
Vb+128+(k-1)*256 } 



FFT time window 12.8 μs 



Cyclic Prefix  1.6μs (Short CP), 3.2μs (Normal CP) 



OFDM symbol 
period 



14.4μs (Short CP), 16μs (Normal CP) 



 



In mmWave mode, 50MHz, 100MHz, 200 MHz and 400MHz bandwidths are supported. The basic 



parameters of OFDM are shown in Table 38,Table 39,Table 40 and Table 41, respectively. Two cyclic 



prefix (CP) lengths are supported: normal CP and short CP.  



 



Table 38  OFDM basic parameters with 50 MHz Bandwidth in mmWave mode 
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System bandwidth 50 MHz 



Subcarrier spacing in frequency domain 390.625 kHz 



FFT sample points 128 



CP sample points 16(Short CP)/32(Normal CP) 



Number of data subcarriers 112 



Data subcarrier index  
[-58 ...-50][-48...-33][-31...-1] 



[+58 ...+50][+48...+33][+31...+1] 



Number of phase tracking pilot 
subcarriers 



4 



Phase tracking pilot index [-49   -32  32  49] 



Number of virtual subcarriers 12 



FFT time window 2.56μs 



Cyclic Prefix  0.32us(Short CP)/0.64us(Normal CP) 



OFDM symbol period 2.88us(Short CP)/3.20us(Normal CP) 



 



 



Table 39 OFDM basic parameters with 100 MHz Bandwidth in mmWave mode 



System bandwidth 100 MHz 



Subcarrier spacing in frequency domain 390.625 kHz 



FFT sample points 256 



CP sample points 32(Short CP)/64(Normal CP) 



Number of data subcarriers 224 



Data subcarrier index  
 [-115…-100][-98…-67][-65…-34][-32…-1] 



[+115…+ 100][+98…+ 67][+ 65…+ 34][+ 32…+1] 



Number of phase tracking pilot 
subcarriers 



6 



Phase tracking pilot index [-99 -66 -33 +33 +66 +99] 



Number of virtual subcarriers 26 



FFT time window 2.56μs 



Cyclic Prefix  0.32us(Short CP)/0.64us(Normal CP) 



OFDM symbol period 2.88us(Short CP)/3.20us(Normal CP) 



 



Table 40 OFDM basic parameters with 200 MHz Bandwidth in mmWave mode 



System bandwidth 200 MHz 



Subcarrier spacing in frequency domain 390.625 kHz 



FFT sample points 512 
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CP sample points 64(Short CP)/128(Normal CP) 



Number of data subcarriers 448 



Data subcarrier index  



[-243…-228][-226…-195][-193…-162][-160…-129] 



[-127...-96][-94...-63][-61...-30][-28...-13] 



 [+243…+228][+226…+195][+ 
193…+162][+160…+129] 



[+127...+96][+94...+63][+61...+30][+28...+13] 



Number of phase tracking pilot 
subcarriers 



12 



Phase tracking pilot index 
[-227  -194  -161   -95   -62   -29   



 29    62    95   161   194   227] 



Number of virtual subcarriers 52 



FFT time window 2.56μs 



Cyclic Prefix  0.32us(Short CP)/0.64us(Normal CP) 



OFDM symbol period 2.88us(Short CP)/3.20us(Normal CP) 



 



Table 41 OFDM basic parameters with 400 MHz Bandwidth in mmWave mode 



System bandwidth 400 MHz 



Subcarrier spacing in frequency domain 390.625 kHz 



Baseband sampling clock 400MHz 



FFT sample points 1024 



CP sample points 128(Short CP)/256(Normal CP) 



Number of data subcarriers 896 



Data subcarrier index  



[-499...-484][-482...-451][-449...-418][-416...-385] 



  [-383...-352][-350...-319][-317...-286][-284...-269] 



[-243…-228][-226…-195][-193…-162][-160…-129] 



[-127...-96][-94...-63][-61...-30][-28...-13] 



[+499...+484][+482...+451][+449...+418][+416...+385] 



  
[+383...+352][+350...+319][+317...+286][+284...+269] 



[+243…+228][+226…+195][+193…+162][+160…+12
9] 



[+127...+96][+94...+63][+61...+30][+28...+13] 



Number of phase tracking pilot 
subcarriers 



24 



Phase tracking pilot index 



[-483  -450  -417  -351  -318  -285 



-227  -194  -161   -95   -62   -29   



 29    62    95   161   194   227 



285   318   351   417   450   483] 



Number of virtual subcarriers 104 



FFT time window 2.56μs 
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Cyclic Prefix  0.32us(Short CP)/0.64us(Normal CP) 



OFDM symbol period 2.88us(Short CP)/3.20us(Normal CP) 



 



The EUHT system uses working bandwidth sets to facilitate implementation. Please refer to section 
6.3.4.4, 6.3.4.5 and 8.4.1 for the working bandwidth sets details. 



8.1.3 Physical layer symbol 



The definition of the Physical layer symbols associated with this specification is shown in Table 42.  



 Table 42  Physical layer symbol definition 



Symbol Definition 



𝑁𝐼𝐷
𝐶𝐴𝑃 CAP MAC: the lowest 7 bits of the address 



 𝑁𝐼𝐷
𝑆𝑇𝐴 STA MAC: the lowest 12 bits of the address  



NFrame Frame Number 



NFFT Number of FFT sample points 



Ncp Number of CP sample points 



𝑁𝑠𝑟 The Highest useful subcarrier index 



△f Subcarrier spacing 



Nsympss Number of OFDM symbols per spatial stream 



Nscpsym Number of data subcarriers per OFDM symbol  



Ncbpsym Number of encoded bits carried per OFDM symbol 



N cbpsc Number of encoded bits carried per subcarrier 



Nss Number of paralleled spatial streams  



NTx Number of transmitting antennas 



DPIF 
Demodulation reference signal frequency domain internal 
(subcarrier spacing) 



DPIT 
Demodulation reference signal time domain internal (OFDM symbol 
interval) 



𝐷𝑃𝐼𝑛𝑢𝑚 
Number of OFDM symbols occupied by demodulation reference 
signal 



SPIF Sounding pilot frequency domain internal (subcarrier spacing) 



𝑆𝑃𝐼𝑛𝑢𝑚 Number of OFDM symbols occupied by the sounding pilot 



𝑆𝐶𝑑𝑝
𝑠𝑡𝑖 



The stith space-time stream demodulation reference signal 
subcarrier set index 



𝑆𝐶𝑠𝑝
𝑡𝑖  The Ith transmit antenna detection pilot subcarrier aggregation index 



si Spatial stream index  



sti Space time stream index  



ti Transmitting antenna index 
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In OFDMA mode, Nscpsym  and Ncbpsym of a STA is number of subcarriers and coded bits of the total 
resource units allocated to the STA in one OFDM symbol. 



8.2 Transmitter block diagram and signal processing flow 



8.2.1 Transmitter block diagram 



The transmitter block diagram at the CAP side is shown in Figure 67.  
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Figure 67 Transmitter block diagram at CAP side 



The transmitter block diagram at the STA side is shown in Figure 68.  
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Figure 68 transmitter block diagram at STA 



 One codeword supports up to 4 streams. Up to two codewords is supported. 



8.2.2 Scrambling 



The output binary sequence [s0s1···s len-bit-1] of the maximum-length linear feedback shift register with a 
polynomial of 1+ X11+X15 is generated as the scrambling code sequence to scramble the data bit 
sequence [b0b1···b len-bit-1]. Each code block in the system is scrambled and reset once. The block diagram 
of the generation of scrambling code sequence is shown in Figure 69. 
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r13r14 r11r12 r9r10 r7r8 r5r6 r3r4 r1r2 r0



MSB LSB



is



 



Figure 69 Block diagram of the generation of scrambling code sequence 



For the Downlink system information channel, the initial value of the register 𝑟𝑖𝑛𝑖𝑡 =
[101010001110110]𝑏, MSB on the left, and LSB on the right; for other uplink and downlink control 



channels and traffic channels, the initial value of the register 𝑟𝑖𝑛𝑖𝑡 = [0 0 1 0 1 0 1 1 𝑁𝐼𝐷
𝐶𝐴𝑃], where 



𝑁𝐼𝐷
𝐶𝐴𝑃 are the lowest 7 bits of the CAP MAC address, and indicated in the system information channel.  



The data bit sequence and the scrambling code sequence are XORed bit by bit according to Equation 3, 



and the bit sequence [�̃�0�̃�1⋯�̃�𝐿𝑒𝑛_𝑏𝑖𝑡−1]of the scrambled output can be obtained 



 �̃�𝑖 = (𝑏𝑖 + 𝑠𝑖)𝑚𝑜𝑑 2 , 𝑖 = 0,1, . . . 𝐿𝑒𝑛_𝑏𝑖𝑡 − 1 (Equation 3) 



8.2.3 Channel coding 



8.2.3.1 General  



The channel coding module performs FEC protection on the data bit sequence [�̃�0 �̃�1  ⋯ �̃�𝐿𝑒𝑛_𝑏𝑖𝑡−1]of 



the scrambled output.  This specification supports two forward error correction codes, i.e. convolutional 
code and LDPC code. 



8.2.3.2 Convolutional coding 



The convolutional code structure in this specification is [133 171], see Figure 70. The convolutional code 



output is [c0c1···clen_cw -1] 



D D D D D D
P/S_ 1 0Len bitb b b 



 



0 0 0



_ / 2 1 1 0Len cwc c c−
  



1 1 1



_ / 2 1 1 0Len cwc c c−
  



1 0 1 0 1 0



_ / 2 1 _ / 2 1 1 1 0 0Len cw Len cwc c c c c c− −
  



 



Figure 70 Convolutional encoder structure 



In the figure, 0 1
2 2 1, , 0,1, _ / 2l l l lc c c c l Len cw+= = = . 



Zero tailed convolutional code and tail-biting convolutional code (TBCC) are used in this specification.  



When a zero tailed convolutional code is used, the initial state of the six registers of the encoder is all 



zeros, and six zero bits need to be padded after the bit sequence[�̃�0 �̃�1  ⋯ �̃�𝐿𝑒𝑛_𝑏𝑖𝑡−1]. The encoded bit 



length is: 



 𝐿𝑒𝑛_𝑐𝑤 = (2 × 𝐿𝑒𝑛_𝑏𝑖𝑡 + 6) (Equation 4) 
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When a tail-biting convolutional code (TBCC) is used, the initial state of the six registers of the encoder 
is the last 6 bits of the data bit sequence, that is 



[�̃�𝐿𝑒𝑛_𝑏𝑖𝑡−1 �̃�𝐿𝑒𝑛_𝑏𝑖𝑡−2 �̃�𝐿𝑒𝑛_𝑏𝑖𝑡−3 �̃�𝐿𝑒𝑛_𝑏𝑖𝑡−4 �̃�𝐿𝑒𝑛_𝑏𝑖𝑡−5 �̃�𝐿𝑒𝑛_𝑏𝑖𝑡−6], and zero bits are not required to be padded 



after the data bit sequence. The encoded bit length is: 



 𝐿𝑒𝑛_𝑐𝑤 =  2 × 𝐿𝑒𝑛_𝑏𝑖𝑡 (Equation 5) 



8.2.3.3 Low density parity check coding 



8.2.3.3.1 Low-density parity check matrix and generator matrix 



The check matrix H of LDPC can be expressed as follows, see Equation 6: 



 𝑯 =



[
 
 
 
𝑨0,0 𝑨0,1 ⋯ 𝑨0,𝑐−1
𝑨1,0 𝑨1,1 ⋯ 𝑨1,𝑐−1
⋮ ⋮ ⋱ ⋮



𝑨𝜌−1,0 𝑨𝜌−1,1 ⋯ 𝑨𝜌−1,𝑐−1]
 
 
 
 (Equation 6) 



Where, A i,j is a t×t cyclic matrix with a row weight of 0 or 1. Each row of the matrix is rotated one bit to 
the right by one line, where the first row is the right shift of the last row. The codeword represented by 
the matrix H is called (N, K) LDPC code, where N is the code length, K represents the length of the 
information bits, and its code rate is R=K/N. The first line of Ai=[Ai, 0, Ai,1 ···, Ai, c-1], i = 0, 1, ..., ρ-1 is 



called the (i + 1)th row generator of H , then H has a total of ρ row generators.  



The check matrix H can be converted into the form of the system check matrix Hsys by row-based modulo 
2 operation and permutation operation. Hsys can be expressed as: 



 |T



N K−
 =  Hsys P I  (Equation 7) 



Where IN-K is the identity matrix of (N-K) x (N-K) and PT is the matrix of (N-K) x K. 



The generator matrix G corresponding to the system check matrix Hsys can be expressed as: 



 𝑮 = [𝑰𝐾|𝑷] (Equation 8) 



Where IK is the unit matrix of K x K, P is the transposed matrix of PT, and P can be expressed as: 



 𝑷 =



[
 
 
 
𝑷0,0 𝑷0,1 ⋯ 𝑷0,𝜌−1
𝑷1,0 𝑷1,1 ⋯ 𝑷1,𝜌−1
⋮ ⋮ ⋱ ⋮



𝑷𝑐−𝜌−1,0 𝑷𝑐−𝜌−1,1 ⋯ 𝑷𝑐−𝜌−1,𝜌−1]
 
 
 



 (Equation 9) 



 



Where Pi, j is a t×t cyclic matrix, and each column of the matrix is obtained by shifting one column of the 
previous column downwards, wherein the first column is the cyclic shift of the last column. The first column 
of Pj=[P 0,,j,P 1,,j,···P c-ρ -1,j] T, j=0,1,····ρ-1 is call the (j+1)th column generator of the matrix G, then G has 



a total of ρcolumn generators. 



8.2.3.3.2 Low density parity encoding 



The information bit length K is obtained based on the selected LDPC code length and code rate. The 



data bit sequence[�̃�0 �̃�1  ⋯ �̃�𝐿𝑒𝑛_𝑏𝑖𝑡−1] is sequentially divided into 𝑁𝑆𝐵sub-block. The first 𝑅𝑆𝐵sub-blocks, 



each sub-block carries ⌊𝐿𝑒𝑛_𝑏𝑖𝑡/𝑁𝑆𝐵⌋ + 1 data bits; the followin𝑁𝑆𝐵 − 𝑅𝑆𝐵  sub-blocks, each sub-block 
carries⌊𝐿𝑒𝑛_𝑏𝑖𝑡/𝑁𝑆𝐵⌋ data bits. Among them: 



 𝑁𝑆𝐵 = ⌈Len_bit / 𝐾⌉ (Equation 10) 



 𝑅𝑆𝐵 = 𝑚𝑜𝑑(𝐿𝑒𝑛_𝑏𝑖𝑡, 𝑁𝑆𝐵) (Equation 11) 



When the number of bits carried by the sub-block is less than K, the data bit sequence in the sub-block 
is used for cyclic padding to ensure that the number of bits of the sub-block after padding is equal to K. 
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The LDPC code encoding process of each sub-block can be expressed as Equation 12: 



 𝑥 = 𝑢 ⋅ 𝐺 (Equation 12) 



Where u = (u0, u1, ..., uK-1) indicates K coded information bits, x = (u0, u1, ···uk-1, v0, v1, ···vN-K-1) stands 
for the codeword with a length of N, v=(v1, . . . , v n-K-1) is N - K check bits, and the coded code words 
satisfy the check equation H·x T = 0.  



The LDPC code length, code rate, information bit length, and size of the cyclic submatrix are as shown 



in Table 43. See Annex E for the LDPC check matrix.  



Table 43 LDPC coding parameters 



N K R t 



448 224 1/2 28 



448 256 4/7 32 



1344 672 1/2 56 



1344 840 5/8 56 



1344 1008 3/4 56 



1344 1176 7/8 42 



2688 1344 1/2 112 



2688 1680 5/8 112 



2688 2016 3/4 112 



2688 2352 7/8 84 



5376 2688 1/2 112 



5376 3360 5/8 112 



5376 4032 3/4 112 



5376 4704 7/8 112 



After the LDPC encoding, the NSB LDPC codewords are generated, and the bits of these LDPC 



codewords are sequentially combined into a bit sequence[𝑐0𝑐1𝑐2. . . 𝑐𝐿𝑒𝑛_𝑐𝑤−1], where 𝐿𝑒𝑛_𝑐𝑤 = 𝑁𝑆𝐵 × 𝑁. 



8.2.4 Rate matching 



If the channel is coded in the manner of convolutional code, the encoder output code rate is 1/2. Other 
code rates (4/7, 5/8, 2/3, 3/4, 5/6 and 7/8) are obtained by puncture. The puncture pattern is shown in 



Figure 71 to Figure 76 



a) 4/7 code rate 
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Figure 71 4/7 Puncture Pattern 



b) 5/8 code rate 
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Figure 72 5/8 Puncture Pattern 



c) 2/3 code rate 
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Figure 73 2/3 Puncture Pattern 



d) 3/4 code rate 
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Figure 74 3/4 Puncture Pattern 



 



e) 5/6 code rate 
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Figure 75 5/6 Puncture Pattern 



 



f) 7/8 code rate 
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Figure 76    7/8 Puncture Pattern 



 



The puncture output bits are[�̃�0 �̃�1  ⋯ �̃�𝐿𝑒𝑛_𝑝𝑢𝑛𝑐_𝑖𝑛𝑖−1][c̃0 c̃1  ⋯ c̃Len_punc_ini-1]. 
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If the channel is coded in the manner of LDPC, the above puncturing process is not required, 𝑐
∼



𝑖 =
𝑐𝑖, (𝑖 = 0,1. . . 𝐿𝑒𝑛𝑐𝑤), where 𝐿𝑒𝑛𝑐𝑤 = 𝐿𝑒𝑛_𝑝𝑢𝑛𝑐_𝑖𝑛𝑖. 



After convolutional coding or LDPC coding, padding bits will be added to make sure there are integer 
number of OFDM symbols. In low-error mode, padding bits will used to keep integer number of OFDM 
symbols after frequency repetition. The value of padding bits is implementation related.  



 



8.2.5 Stream mapping 



The coded bits are mapped to multiple streams as follows. 



The coded bits are split into groups. The number of bits in each group (𝑁𝑐𝑏𝑝𝑠𝑐_𝑡𝑜𝑡𝑎𝑙) is the total number 



of bits in one subcarrier summing over all spatial streams. Coded bits in a group are round-robin mapped 



to spatial streams. If sith spatial stream is already allocated with 𝑁𝑐𝑏𝑝𝑠𝑐(𝑠𝑖) bits, sith spatial stream will be 



skipped, as illustrated in Figure 77. The mapping operation above is repeated group by group until all the 



coded bits are mapped.  



 



Figure 77 Example of stream mapping 



When the spatial streams are transmitted in parallel, it is indicated in the control channel how each 



codeword is mapped to the spatial stream (see Table 56).  



Code bits  mapped to each spatial stream perform the following cyclic shift within each OFDM symbol, 



see Equation 13, 



𝑟 = [𝑙 + 𝑠𝑖 ⋅ 𝑁𝑐𝑏𝑝𝑠𝑐(𝑠𝑖) ⋅ 37]𝑚𝑜𝑑[𝑁𝑠𝑐𝑝𝑠𝑦𝑚 ⋅ 𝑁𝑐𝑏𝑝𝑠𝑐(𝑠𝑖)]             



                                                       𝑙 = 0,1,2,⋯ , 𝑁𝑠𝑐𝑝𝑠𝑦𝑚 ⋅ 𝑁𝑐𝑏𝑝𝑠𝑐(𝑠𝑖) − 1                           (Equation 13) 



After the cyclic shift, each spatial stream outputs a bit sequence 𝑞𝑟(𝑙)
𝑠𝑖  𝑙 = 0,1,⋯ ,𝑁𝑠𝑐𝑝𝑠𝑦𝑚 ⋅



𝑁𝑐𝑏𝑝𝑠𝑐(𝑠𝑖) − 1 to the bit interleaver.  



8.2.6 Bit interleaving  



If the channel is coded in the manner of LDPC, bit interleaving processing is optional; if in the manner of 
convolutional code, the following bit interleaving process is employed. The interleaving depth of each 



spatial stream is shown in   Equation 14 



 𝑁𝑐𝑏𝑝𝑠𝑦𝑚(𝑠𝑖) = 𝑁𝑐𝑏𝑝𝑠𝑐(𝑠𝑖) ⋅ 𝑁𝑠𝑐𝑝𝑠𝑦𝑚 (Equation 14)  



The following two permutation processes were employed.  



For the first permutation, see Equation 15: 



 𝑖 = (𝑁𝑐𝑏𝑝𝑠𝑦𝑚(𝑠𝑖)/16) ⋅ 𝑚𝑜𝑑(𝑘, 16) + ⌊𝑘/16⌋  𝑖, 𝑘 = 0,1,⋯𝑁𝑐𝑏𝑝𝑠𝑦𝑚 − 1 (Equation 15) 



For the second permutation, see Equation 16: 
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 𝑗 = �̃�(𝑠𝑖) × ⌊𝑖/�̃�(𝑠𝑖)⌋ + 𝑚𝑜𝑑{[𝑖 + 𝑁𝑐𝑏𝑝𝑠𝑦𝑚(𝑠𝑖) − ⌊16 × 𝑖/𝑁𝑐𝑏𝑝𝑠𝑦𝑚(𝑠𝑖)⌋], �̃�(𝑠𝑖)} (Equation 16) 



In which, 



�̃�(𝑠𝑖) = 𝑚𝑎𝑥 (
𝑁𝑐𝑏𝑝𝑠𝑐(𝑠𝑖)



2
,  1) 



After the above interleaving process, each stream outputs a bit sequence as [�̃�0
𝑠𝑖 �̃�1



𝑠𝑖  ⋯ �̃�𝐿𝑒𝑛_𝑐𝑤(𝑠𝑖)−1
𝑠𝑖 ].  



The deinterleaving process is as follows. For the first permutation, see Equation 17 : 



 𝑖 = �̃�(𝑠𝑖) × ⌊𝑗/�̃�(𝑠𝑖)⌋ + 𝑚𝑜𝑑{[𝑗 + ⌊16 × 𝑗/𝑁𝑐𝑏𝑝𝑠𝑦𝑚(𝑠𝑖)⌋], �̃�(𝑠𝑖)}                                (Equation 17 ) 



where 𝑗 = 0,1,⋯𝑁𝑐𝑏𝑝𝑠𝑦𝑚 − 1 



For the second permutation, see Equation 18, 



 𝑘 = 16 ⋅ 𝑖 − (𝑁𝑐𝑏𝑝𝑠𝑦𝑚(𝑠𝑖) − 1) × ⌊16 × 𝑖/𝑁𝑐𝑏𝑝𝑠𝑦𝑚(𝑠𝑖)⌋ (Equation 18) 



8.2.7 Constellation mapping 



Each subcarrier can support BPSK, QPSK, 16-QAM, 64-QAM, 256-QAM and 1024-QAM modulation. 



Each subcarrier modulation outputs symbol as shown in Equation  19. 



 𝑑 = (𝐼 + 𝑗𝑄) × 𝐾𝑀𝑂𝐷 (Equation  19) 



                                      



KMOD is the normalized parameter for different modulation modes. See Table 44. 



Table 44 Normalized parameters of different modulation modes 



Modulation KMOD 



BPSK 1 



QPSK 1/√2 



16-QAM 1/√10 



64-QAM 1/√42 



256-QAM 1/√170 



1024-QAM 1/√682 



The bit mapping relationship of different modulation modes is shown in the following tables.  



Table 45 BPSK constellation mapping 



Input bit (b0) Output of channel I Output of channel Q 



0 -1 0 



1 1 0 



 



Table 46 QPSK constellation mapping 



Input bit (b0) Output of channel I Input bit (b1) Output of channel Q 



0 -1 0 -1 



1 1 1 1 



Table 47 16 - QAM constellation mapping 
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Input bit (b0b1) Output of channel I Input bit (b2b3) Output of channel Q 



00 -3 00 -3 



01 -1 01 -1 



11 1 11 1 



10 3 10 3 



Table 48 64 - QAM constellation mapping 



Input bit (b0b1b2) Output of channel I Input bit (b3 b4b5) Output of channel Q 



000 -7 000 -7 



001 -5 001 -5 



011 -3 011 -3 



010 -1 010 -1 



110 1 110 1 



111 3 111 3 



101 5 101 5 



100 7 100 7 



Table 49 256 - QAM constellation mapping 



Input bit (b0b1b2b3) Output of channel I Input bit (b4b5b6b7) Output of channel Q 



0000 -15 0000 -15 



0001 -13 0001 -13 



0011 -11 0011 -11 



0010 -9 0010 -9 



0110 -7 0110 -7 



0111 -5 0111 -5 



0101 -3 0101 -3 



0100 -1 0100 -1 



1100 1 1100 1 



1101 3 1101 3 



1111 5 1111 5 



1110 7 1110 7 



1010 9 1010 9 



1011 11 1011 11 



1001 13 1001 13 



1000 15 1000 15 



 



Table 50 1024 - QAM constellation mapping 
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After the above modulation mapping, each spatial stream outputs a modulation symbol stream as 



[𝑑0
𝑠𝑖 𝑑1



𝑠𝑖  ⋯ 𝑑𝐿𝑒𝑛_𝑚𝑜𝑑(𝑠𝑖)−1
𝑠𝑖 ], see Equation 20 . 



 𝐿𝑒𝑛_𝑚𝑜𝑑(𝑠𝑖) = 𝑁𝑠𝑦𝑚𝑝𝑠𝑠 ⋅ 𝑁𝑠𝑐𝑝𝑠𝑦𝑚 (Equation 20 ) 



8.2.8 Space time coding  



The system defined in this specification supports the space-time coding for one, two, three and four 
parallel modulation symbol streams, expanding the spatial streams to two, four, six and eight space time 
streams, so that the system obtains the transmit diversity gain. If the space-time coding is used in the 



transmission, b55 in Table 56 is set to 1, otherwise it is set to 0.  



Modulation output symbol is 𝑑𝑘,𝑖,𝑛; 𝑘 = 0…𝑁𝑠𝑐𝑝𝑠𝑦𝑚 − 1; 𝑖 = 0…𝑁𝑠𝑠 − 1; 𝑛 = 0…𝑁𝑠𝑦𝑚𝑝𝑠𝑠 − 1, after 



Input bit (b0b1b2b3b4) Output of channel I Input bit (b5b6b7b8b9) Output of channel Q 



00000 -31 00000 -31 



00001 -29 00001 -29 



00011 -27 00011 -27 



00010 -25 00010 -25 



00110 -23 00110 -23 



00111 -21 00111 -21 



00101 -19 00101 -19 



00100 -17 00100 -17 



01100 -15 01100 -15 



01101 -13 01101 -13 



01111 -11 01111 -11 



01110 -9 01110 -9 



01010 -7 01010 -7 



01011 -5 01011 -5 



01001 -3 01001 -3 



01000 -1 01000 -1 



11000 1 11000 1 



11001 3 11001 3 



11011 5 11011 5 



11010 7 11010 7 



11110 9 11110 9 



11111 11 11111 11 



11101 13 11101 13 



11100 15 11100 15 



10100 17 10100 17 



10101 19 10101 19 



10111 21 10111 21 



10110 23 10110 23 



10010 25 10010 25 



10011 27 10011 27 



10001 29 10001 29 



10000 31 10000 31 
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encoded by STBC, outputs as �̃�𝑘,𝑖,𝑛; 𝑘 = 0…𝑁𝑠𝑐𝑝𝑠𝑦𝑚 − 1; 𝑖 = 0…𝑁𝑠𝑡𝑠 − 1; 𝑛 = 0…𝑁𝑠𝑦𝑚𝑝𝑠𝑠 − 1. 



The mapping relationship between STBC output symbols and input symbols is shown in Table 51. 



Table 51 Space time coding 



𝑁𝑠𝑡𝑠 𝑁𝑠𝑠 𝑖𝑆𝑇𝑆 �̃�𝑘,𝑖,2𝑚 �̃�𝑘,𝑖,2𝑚+1 



2 1 
1 𝑑𝑘,1,2𝑚 𝑑𝑘,1,2𝑚+1 



2 −𝑑𝑘,1,2𝑚+1
∗  𝑑𝑘,1,2𝑚



∗  



4 2 



1 𝑑𝑘,1,2𝑚 𝑑𝑘,1,2𝑚+1 



2 −𝑑𝑘,1,2𝑚+1
∗  𝑑𝑘,1,2𝑚



∗  



3 𝑑𝑘,2,2𝑚 𝑑𝑘,2,2𝑚+1 



4 −𝑑𝑘,2,2𝑚+1
∗  𝑑𝑘,2,2𝑚



∗  



6 3 



1 𝑑𝑘,1,2𝑚 𝑑𝑘,1,2𝑚+1 



2 −𝑑𝑘,1,2𝑚+1
∗  𝑑𝑘,1,2𝑚



∗  



3 𝑑𝑘,2,2𝑚 𝑑𝑘,2,2𝑚+1 



4 −𝑑𝑘,2,2𝑚+1
∗  𝑑𝑘,2,2𝑚



∗  



5 𝑑𝑘,3,2𝑚 𝑑𝑘,3,2𝑚+1 



6 −𝑑𝑘,3,2𝑚+1
∗  𝑑𝑘,3,2𝑚



∗  



8 4 



1 𝑑𝑘,1,2𝑚 𝑑𝑘,1,2𝑚+1 



2 −𝑑𝑘,1,2𝑚+1
∗  𝑑𝑘,1,2𝑚



∗  



3 𝑑𝑘,2,2𝑚 𝑑𝑘,2,2𝑚+1 



4 −𝑑𝑘,2,2𝑚+1
∗  𝑑𝑘,2,2𝑚



∗  



5 𝑑𝑘,3,2𝑚 𝑑𝑘,3,2𝑚+1 



6 −𝑑𝑘,3,2𝑚+1
∗  𝑑𝑘,3,2𝑚



∗  



7 𝑑𝑘,4,2𝑚 𝑑𝑘,4,2𝑚+1 



8 −𝑑𝑘,4,2𝑚+1
∗  𝑑𝑘,4,2𝑚



∗  



 



8.2.9 Insert pilot 



The transmission symbols of the phase tracking pilots are repeated sequence of [1 0] with the sequence 
length equals to the number of phase tracking pilots. Then the  repeated sequence are loaded into the 
phase tracking pilot subcarrier after BPSK modulation.  Please refer to section 8.1.2 for detailed 
information about the number and subcarrier index of phase tracking pilot. 



The demodulation reference signal (DRS) are inserted before precoding. The generation and pattern of 
DRS is described in sector 8.5.3. 



8.2.10 Precoding 



The optional precoding can be performed before time-frequency loading as descried in section 8.5.4. 



8.2.11 Time-frequency loading 



For the tith antenna port, the transmitted symbol stream is [�̃�0
𝑡𝑖 �̃�1



𝑡𝑖  ⋯ �̃�𝐿𝑒𝑛_𝑝𝑟𝑒𝑐𝑜𝑑𝑒−1
𝑡𝑖 ], see Equation 



21. 
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 𝐿𝑒𝑛_𝑝𝑟𝑒𝑐𝑜𝑑𝑒 = 𝑁𝑠𝑦𝑚𝑝𝑠𝑠 + 𝐿𝑒𝑛_𝑑𝑝 (Equation 21) 



Where: Len-dp is the number of the demodulation reference signal symbols. According to the 
demodulation reference signal pattern indicated by the scheduling signaling (see 8.5.3), the number of 
OFDM symbols occupied by the demodulation reference signal can be calculated. 



The time-frequency loading sequence is shown in Figure 78. The frequency domain is loaded first and 



then the time domain. 



Frequency



Time



 



Figure 78 Time-frequency loading sequence for precoding output symbols stream 



 



In low-error mode and mmWave mode, the repetition in frequency domain and time domain is used to 
increase reliability. The N times repetition in frequency domain divides valid subcarriers into N groups, 
and each group transmits the same modulation symbols, the number of modulation symbols transmitted 



in one group is P=Nsd/N, please refer to section 8.1 for definition of Nsd. Assume that input modulation 



symbols is 𝑆0𝑆1…𝑆𝑇, then the first group is 𝑆0𝑆1…𝑆𝑃−1, the second group is 𝑆𝑃𝑆𝑃+1…𝑆2𝑃−1, and so on. 
The phase tracking pilots are not repeated in frequency domain repetition. The repetition in time domain 
repeats baseband OFDM symbols M times. Please refer to control channel in section 8.4.2 for repeat 
number N and M.  



  



8.3 Preamble sequence 



In normal mode, the Physical layer preamble sequence consists of short preamble sequence and long 
preamble sequence (also known as common reference signal, CRS), and each occupies one OFDM 



symbol, as shown in Figure 79. 



 



CP1 S1 S2 S3 S4 S5 S6 S7 S8 CP2 L1 L2



S-Preamble CRS (L-Preamble)



 



Figure 79 Physical layer preamble sequence 



 



The preamble, system information channel and Transmission control channel use the same Subcarrier 
spacing. Traffic channel can use different Subcarrier spacing. 



There are 3 different basic types for both short preamble and long preambles: P1, P2 and P3, which will 
occupy one basic bandwidth. The basic preambles can be duplicated with rotation factors in frequency 



domain to support higher bandwidth as shown in Table 52. 



 



Table 52 Preamble duplication in different Subcarrier spacing and bandwidth modes 
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Subcarrier 
spacing 
(kHz) 



5 



MHz 



10 



MHz 



15 



MHz 



20 



MHz 



25 



MHz 



30 



MHz 



40 



MHz 



50 



MHz 



60 



MHz 



80  



MHz 



100 
MHz 



Nsd Nsd Nsd Nsd Nsd Nsd Nsd Nsd Nsd Nsd Nsd 



19.53125 224 448 672 896 1120 1344 1792 2240 N/A N/A N/A 



Duplication 
number  



(Basic 
Preamble 



type) 



1 



(P1) 



2 



(P1) 



3 



(P1) 



4 



(P1) 



5 



(P1) 



6 



(P1) 



8 



(P1) 



10 



(P1) 
N/A N/A N/A 



39.0625 112 224 336 448 560 672 896 1120 1344 1792 2240 



N 



(Basic 
Preamble 



Mode) 



1 



(P2) 



1 



(P1) 



3 



(P2) 



2 



(P1) 



5 



(P2) 



3 



(P1) 



4 



(P1) 



5 



(P1) 



6 



(P1) 



8 



(P1) 



10 



(P1) 



78.125 56 112 168 224 280 336 448 560 672 896 1120 



N 



(Basic 
Preamble 



Mode) 



1 



(P3) 



2 



(P2) 



3 



(P3) 



1 



(P1) 



5 



(P3) 



3 



(P2) 



2 



(P1) 



5 



(P2) 



3 



(P1) 



4 



(P1) 



5 



(P1) 



  



The generation procedure of basic preamble  is given below. 



The basic short preamble sequence is generated by modulating elements of a length-N of Zadoff-Chu 
sequence. 



The ZC sequences are generated according to the Equation 22, 



 𝑍(𝑛) = 𝑒𝑗𝜋
rn2



𝑁 ，𝑛 = 0,1, . . . 𝑁 − 1; (Equation 22) 



Three different Zadoff-Chu sequences with different sequence root index values can be used for different 
short preamble ID. 



Table 53 Parameters of Different Short Preamble Types 



Parameters Short Preamble type 
P1 



 Short Preamble type 
P2 



 Short Preamble type 
P3 



Sequence length: N 28 14 6 



ZC Root index r for 
different S-
Preamble ID {1,2,3} 



{27, 1, 26} {13, 1, 12} {5, 1, 4} 



Ne -112 -56 -24 



The short preamble sequence is mapped to N frequency domain subcarriers by the following method. 



The set of subcarriers to be filled is: {𝑘𝑛|𝑘𝑛 = 𝑁𝑒 + 8 ⋅ 𝑚,  𝑚 = 0,1,2⋯𝑁，𝑘𝑛 ≠ 0 } 



                                 



The CRS sequence(L-Preamble) occupies N subcarriers in the frequency domain. A pseudo-random 
sequence {Cn,·n = 0, 1, ..., N-1} with a length of N is BPSK-modulated and then according to the 
configuration of the current cell. The different value of N for 3 long preamble types is shown the table 
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below. 



Table 54 Parameters of Different Long Preamble Types 



Parameters Long Preamble type 
P1 



Long Preamble type 
P2 



Long Preamble type 
P3 



Sequence length: N 114 58 28 



Ne -114 -58 -28 



The BPSK-modulated sequence is mapped onto subcarriers by one of the following methods. 



The set of subcarriers to be filled is: {Kn |kn = Ne + 2 • m, m = 0,1,2…  N, Kn ≠ 0 } or {Kn |kn = Ne + 2 •
m + 1,m = 0,1,2…  N − 1, Kn ≠ 0 } 



. For the long preamble type P1, the BPSK-modulated sequence (LP) is {-1,-1,1,1,1,-1,1,1,-1,-1,1,-



1,1,1,-1,-1,-1,1,1,-1,1,-1,-1,-1,-1,-1,1,-1,1,-1,1,-1,1,-1,1,1,-1,-1,-1,1,-1,1,1,1,-1,1,1,-1,1,1,1,-1,-1,1,-



1,1,1,-1,1,1,1,-1,-1,-1,1,-1,-1,1,-1,1,1,-1,1,-1,-1,-1,1,-1,-1,1,-1,1,1,1,1,1,-1,1,1,-1,-1,1,1,-1,1,1,-1,1,-



1,1,-1,-1,-1,-1,1,1,1,-1,-1,-1,1,-1,1,-1} 



For the long preamble type P2, the BPSK-modulated sequence (LP) is {-1,-1,1,1,1,-1,1,1,-1,-1,1,-



1,1,1,-1,-1,-1,1,1,-1,1,-1,-1,-1,-1,-1,1,-1,1,-1,1,-1,1,-1,1,1,-1,-1,-1,1,-1,1,1,1,-1,1,1,-1,1,1,1,-1,-1,1,-



1,1,1,-1} 



For the long preamble type P3, the BPSK-modulated sequence (LP) is {-1,-1,1,1,1,-1,1,1,-1,-1,1,-



1,1,1,-1,-1,-1,1,1,-1,1,-1,-1,-1,-1,-1,1,-1}. 



After the mapping to subcarriers, the long preamble transmitted from different CAP should add 



phase shift φ𝑖,𝑘Equation 23, 



φ𝑖,𝑘 = 𝑒
−𝑗



2𝜋𝑘𝛿𝑖



𝑁𝐹𝐹𝑇                                                                               (Equation 23) 



in which i is the index of different CAP, 𝛿𝑖 = {0，
𝑁𝐹𝐹𝑇



4
，



𝑁𝐹𝐹𝑇



2
，𝑁𝐹𝐹𝑇 ×



3



4
}. 



In Low-error mode, short preamble(S-Preamble) is 7 identical PN sequences and each PN sequence has 
255 points. The 255-point PN sequence is: 



S255={ 1,1,1,1,1,1,1,-1,1,-1,-1,1,1,1,-1,-1,-1,-1,1,-1,1,1,1,1,-1,-1,-1,-1,-1,-1,-1,-1,1,1,-1,1,1,1,1,-1,1,-
1,1,1,-1,-1,-1,-1,-1,1,-1,1,-1,1,-1,1,-1,-1,-1,1,1,1,1,1,-1,-1,1,1,1,-1,1,-1,1,-1,-1,1,1,-1,-1,1,1,-1,1,-1,-1,-1,-
1,-1,-1,1,-1,-1,-1,-1,1,1,-1,-1,1,-1,-1,-1,1,-1,-1,-1,1,1,-1,1,-1,1,-1,1,1,-1,1,-1,1,1,1,-1,1,1,-1,1,-1,-1,1,-
1,1,1,1,-1,-1,1,1,-1,-1,-1,1,1,-1,-1,-1,-1,1,1,1,-1,-1,1,-1,-1,1,1,1,1,-1,1,1,1,-1,1,-1,-1,-1,1,-1,1,-1,-1,-1,-
1,1,-1,-1,1,-1,-1,-1,-1,-1,1,1,1,1,-1,-1,1,-1,1,1,-1,-1,1,-1,1,-1,-1,1,-1,-1,1,-1,1,-1,1,1,1,1,1,-1,1,1,-1,-1,-
1,1,-1,-1,1,1,-1,1,1,-1,1,1,-1,-1,1,1,1,1,1,1,-1-1,-1,1,-1,1,1,-1,1,1,1,-1,-1,-1,1,1,1,-1}; 



In Low-error mode, long preamble is 511-point PN sequence, and each 64 zeros before and after it. The 
511-point PN sequence is: 



S511={1,1,1,1,1,1,1,1,-1,1,1,1,-1,1,1,1,-1,-1,1,1,-1,1,1,1,-1,-1,-1,1,-1,1,-1,1,-1,-1,1,-1,-1,1,1,1,-1,-1,-
1,1,1,1,-1,1,1,-1,1,-1,1,-1,1,1,1,-1,-1,1,-1,-1,1,1,-1,-1,-1,-1,-1,1,1,-1,-1,-1,-1,1,1,1,-1,1,-1,-1,1,-1,-1,-
1,1,1,-1,1,-1,1,1,-1,1,1,1,1,1,-1,1,1,-1,-1,1,1,-1,-1,-1,1,-1,1,1,1,-1,-1,-1,-1,-1,1,-1,-1,-1,-1,1,1,1,1,1,-1,-1,-
1,-1,-1,-1,-1,-1,-1,1,1,1,1,-1,-1,-1,-1,1,-1,-1,-1,1,1,1,1,-1,1,-1,-1,1,1,-1,-1,1,-1,-1,1,-1,-1,-1,-1,1,-
1,1,1,1,1,-1,-1,-1,1,1,-1,-1,1,1,1,1,-1,1,1,-1,1,1,1,-1,1,-1,1,-1,-1,-1,1,-1,1,-1,-1,-1,-1,1,1,-1,1,1,-1,1,-1,-1,-
1,1,1,-1,-1,-1,1,1,1,1,1,1,-1,-1,-1,1,-1,-1,-1,1,-1,1,1,-1,-1,-1,-1,1,-1,1,-1,1,1,-1,1,-1,1,1,1,1,1,1,-1,1,-1,1,-
1,1,-1,1,-1,-1,-1,-1,-1,1,-1,1,-1,-1,1,-1,1,1,1,1,1,-1,-1,1,-1,-1,-1,1,-1,-1,1,-1,-1,1,-1,1,-1,-1,1,1,1,1,1,-1,1,-
1,-1,-1,1,-1,-1,-1,-1,-1,1,1,1,-1,-1,-1,-1,1,1,-1,-1,1,-1,1,1,-1,-1,1,-1,1,-1,-1,-1,1,1,1,-1,-1,1,-1,1,1,1,-1,1,-
1,-1,-1,-1,-1,-1,-1,1,-1,1,1,-1,1,-1,-1,1,1,1,-1,1,-1,1,1,-1,-1,1,1,1,-1,-1,1,1,1,1,1,1,1,-1,-1,1,1,-1,-1,1,1,-
1,1,-1,1,-1,-1,1,1,-1,1,1,-1,-1,-1,-1,-1,-1,1,-1,-1,1,-1,1,1,-1,1,1,-1,1,1,-1,-1,1,-1,-1,-1,-1,-1,-1,1,1,-1,1,-1,-
1,1,-1,1,-1,1,1,1,1,-1,1,-1,1,1,1,-1,1,1,-1,-1,-1,1,-1,-1,1,1,-1,1,-1,-1,-1,-1,1,-1,-1,1,1,1,1,-1,-1,1,-1,1,-1,1,-
1,1,1,-1,-1,-1,1,1,-1,1,1,1,1,-1,-1,1,1,1,-1,1,1,1,1,-1} 











 



 Nufront (Beijing) Technology Group Co., Ltd.    100 



In Low-error mode, the short preamble and long preamble should be filtered to meet the requirements of 
frequency mask. 



In mmWave mode, the Physical layer preamble sequence consists of short preamble sequence and CRS 
sequence and occupies two OFDM symbols. 



For 50MHz and 100MHz bandwidth, the preamble generation procedure is given as follows. For 
200MHz/400MHz bandwidth, the short preamble and CRS shall be duplicated with rotation factors in 
frequency domain in the unit of 100MHz.  



For 50MHz bandwidth, the short preamble sequence occupies 14 subcarriers in the frequency domain. 
These sub carriers are modulated by elements consisting of the sequence Z(n), 



 𝑍(𝑛) = 𝑒𝑗𝜋
𝑟𝑛2



𝑁 , 𝑛 = 0,1, . . .13; 𝑟 = 13;𝑁 = 14 ( Equation 24)  



The set of sub carriers to be filled is:{𝑘𝑛|𝑘𝑛 = −56 + 8 ∗ 𝑚,𝑚 = 0,1,2. . .14,𝑚 ≠ 7} 



For 100MHz bandwidth, the short preamble sequence occupies 28 sub carriers in the frequency domain. 
These sub carriers are modulated by elements consisting of the sequence Z(n), see  Equation 24,. 



The set of subcarriers to be filled is:{𝑘𝑛|𝑘𝑛 = −112 + 8 ∗ 𝑚,𝑚 = 0,1,2. . .28,𝑚 ≠ 14} 



For 50MHz bandwidth, the long preamble sequence occupies 58 sub carriers in the frequency domain. 
A pseudo-random sequence {Cn,·n = 0, 1, ..., 57} with a length of 58 is BPSK-modulated and mapped 
onto subcarriers by the following method. 



The set of subcarriers to be filled is: {𝑘𝑛|𝑘𝑛 = −58 + 2 ∗ 𝑚,𝑚 = 0,1,2. . .58,𝑚 ≠ 29} 



After mapping by the above method, the symbols loaded by subcarriers -115~+115 are:  



L-58,58={0, -1, 0, -1, 0, 1, 0.1, 0, 1, 0, -1, 0.1, 0, 1,0, -1,0, -1,0, 1, 0, -1, 0, 1, 0,1, 0, -1,0,-1-0,-1, 0,1,0,1,0,-
1, 0, 1,0,-1, 0,-1,-0,-1, 0,-1,0,-1, 0, 1,0,-1, 0, 1, 0,-1, 0, 0, 0,1, 0,-1,0,1, 0, -1, 0, 1, 0, 1, 0, -1, 0, -1, 0, -1, 
0, 1, 0, -1, 0, 1, 0,1, 0,1, 0, -1,0, 1, 0,1, 0, -1, 0, 1, 0, 1, 0, 1, 0,-1, 0,-1, 0, 1.0,-1, 0, 1, 0, 1, 0,1,0, -1,0} 



 For 100MHz bandwidth, the long preamble sequence occupies 114 sub carriers in the frequency domain. 
A pseudo-random sequence {Cn,·n = 0, 1, ..., 113} with a length of 114 is BPSK-modulated and mapped 
onto subcarriers by the following method. 



The set of subcarriers to be filled is:{𝑘𝑛|𝑘𝑛 = −114 + 2 ∗ 𝑚,𝑚 = 0,1,2. . .114,𝑚 ≠ 57} 



After mapping by the above method, the symbols loaded by subcarriers -115~+115 are:  



L-115,115={0, -1, 0, -1, 0, 1, 0.1, 0, 1, 0, -1, 0.1, 0, 1,0, -1,0, -1,0, 1, 0, -1, 0, 1, 0,1, 0, -1,0,-1-0,-1, 0,1,0,1,0,-
1, 0, 1,0,-1, 0,-1-0,-1, 0,-1,0,-1, 0, 1,0,-1, 0, 1, 0,-1, 0, 1, 0,-1,0,1, 0, -1, 0, 1, 0, 1, 0, -1, 0, -1, 0, -1, 0, 1, 
0, -1, 0, 1, 0,1, 0,1, 0, -1,0, 1, 0,1, 0, -1, 0, 1, 0, 1, 0, 1, 0,-1, 0,-1, 0, 1.0,-1, 0, 1, 0, 1, 0,0,0,-1, 0, 1, 0, 1, 
0, 1, 0,-1, 0,-1, 0,-1, 0, 1, 0,-1, 0,-1, 0, 1, 0,-1, 0, 1, 0, 1, 0,-1, 0, 1, 0,-1.0,-1, 0,-1, 0, 1, 0,-1, 0,-1, 0, 1, 0,-
1, 0, 1, 0, 1.0, 1, 0, 1, 0, 1, 0,-1, 0, 1, 0, 1, 0, -1, 0, -1, 0, 1, 0, 1, 0, -1, 0, 1, 0, 1, 0,-1, 0, 1, 0,-1, 0, 1, 0,-
1, 0,-1, 0,-1, 0,-,0, 1, 0, 1, 0, 1, 0,-1, 0,-1, 0,-1, 0, 1, 0,-1, 0,1, 0,-1,0} 



 



8.4 System information channel and control channel 



8.4.1 System information channel field definition 



In normal mode and mmWave mode, the system information channel transmits using MCS0 with normal 
CP. Convolutional coding is applied for system information channel. The SICH is repeated with frequency 
repetition number is 2 and time repetition number is 4 in mmWave mode. The system information field is 
defined in Table 55. 



Table 55 System Information field definition 



Bit Definition Notes 



b7b6…b0 The lowest 8 bits of this CAP MAC 
address 



CAP identifier and scrambling code seed 
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b10b9b8 



CAP Working bandwidth set 



For sub-6GHz band: 



000: 5/10/20M working bandwidth mode 



001: 10/20/40M working bandwidth mode 



010: 15/30/60M working bandwidth mode 



011: 20/40/80M working bandwidth mode 



100: 25/50/100M working bandwidth mode 



 



For mmWave mode, 



000: 50M working bandwidth mode 



001: 100M working bandwidth mode 



010: 200M working bandwidth mode 



011: 400M working bandwidth mode 



 



Others: reserved 



b12b11 



Subcarrier spacing indication for 
TCH in normal mode 



00: 19.53125KHz 



01: 39.0625KHz 



10: 78.125KHz 



11: reserved 



b19…b13 Reserved Reserved 



b20 
Cyclic Prefix Type for CCH and 
TCH 



0: Normal CP;  1: Short CP 



b23b22…b21 CAP antenna configuration 



000:1 antenna; 



001:2 antennas; 



… 



111: 8 antennas; 



b29b28…b24 Control channel length indication  Control channel length, ≤63 OFDM symbols.  



b30 DRS Mode in MU-MIMO 



0, DRS for different STAs are allocated to 



different OFDM symbols 



1, DRS for different STAs are allocated to the 



same OFDM symbols 



b31 Interleaving with LDPC 
0: No bit interleaving if LDPC is used 



1: Bit interleaving if LDPC is used 



b42b39…b32 
Downlink traffic channel length 
indication 



Number of OFDM symbols in downlink traffic 
channel 



For normal mode, b40b39…b32 is used 



For mmWave mode, b42b39…b32 is used. 



 



b45b44b43 Reserved Reserved 



b56b55…b46 
Uplink traffic channel length 
indication 



Number of OFDM symbols in uplink traffic 
channel 



For normal mode, b53b39…b46 is used 



For mmWave mode, b56b39…b46 is used. 











 



 Nufront (Beijing) Technology Group Co., Ltd.    102 



b63b62…b57 
Indication of DGI and UGI 
configuration in long distance 
ranging 



b63=1, ranging mode 



b63=0, non-ranging mode 



b62…b57: OFDM symbol number of UGI in non-
ranging mode(b63=0), and DGI in both ranging 
mode and non-ranging mode.  



b64 
Downlink sounding channel 
configuration 



0: No downlink sounding channel 



1: With downlink sounding channel, the 
parameters of sounding signal is shown in Annex 
C.   



b66b65 Reserved  Reserved  



b67 Uplink sounding channel 
configuration 



0: No uplink sounding channel;  



1: With downlink sounding channel, the 
parameters of sounding signal is shown in Annex 
C.   



b68 Reserved Reserved 



b70b69 Uplink scheduling request channel 



00: No scheduling request channel 



01: Scheduling request channel is configured 
with 1 OFDM symbol; 



10: Scheduling request channel is configured 
with 2 OFDM symbols; 



11: Scheduling request channel is configured 
with 4 OFDM symbols; 



b71 
Uplink random access channel 
configuration 



0: No uplink random access channel;  



1: With uplink random access channel 



b72 Indication of RACH and ranging 
b72=0，RACH 



b72=1，ranging 



b75b74b73 Reserved Reserved 



b87b86…b76 Frame number 0~4095, frame number counter 



b103b102…b88 16-bit CRC CRC protection 



b111b110…b104 Convolutional encoder zero bit 
Return the end state of the convolutional code to 
zero 



Note: The system information channel adopts the 16-bit CRC, and the CRC generator polynomial is 
g(D)=D16+D12+D5+1. The initial state of the register is 0xFF, and the register state is inverted as the CRC 
sequence output after the end of the operation. The high-order register output corresponds to the high 
bit (b103) and the low-order register output corresponds to the low bit (b88).  



In low-error mode, the function of system information channel is integrated into the control channel to 
reduce the overhead.  



. 



8.4.2 Control channel field 



In normal mode, the control channel transmits in MCS101. LDPC coding is applied for control channel. 
The control channel consists of multiple unicast and broadcast scheduling signaling. The uplink and 
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downlink unicast scheduling signaling field is shown in Table 56. 



Table 56 Definition of control channel field 



Bit 
Definition 



DL UL 



b0 
b0=1, downlink scheduling; 



b0=0, uplink scheduling 



b1 



b1=0, SU-MIMO transmission;  



b1=1, MU-MIMO transmission 



b5 b4… b2 



[b5b4...b2], Bit Map indicates the effective subchannel position of the scheduling 
signaling (refer to section 8.11.2.4), the bandwidth of each subchannel is working 
bandwidth 1 in the working bandwidth set. 



b6 



Indicates the current transmission mode: 



0: Open loop transmission; 



1: Closed loop transmission (dedicated demodulation reference signal mode); 



b7 



Bit Map indicates the index of resource unit (RU) in OFDMA mode with 



𝑏68 𝑏67⋯𝑏56 together. Each bit indicates the corresponding index RU is 
occupied. (𝑏68 𝑏67⋯𝑏56𝑏7) 



b16 b15… b8 User resource group starting OFDM symbol index, field value: 0~510 



b23 b22… b17 MCS of codeword I indication (see Annex B) 



b32 b31… b24 
Number of consecutive OFDM symbols in the user resource group, field value: 1 to 
511  



b39 b38… b33 



MCS of codeword II and number of parallel 
spatial streams indication: 1111111, this 
transmission uses only one codeword 



1111110, this transmission is a 2-stream 
MU-MIMO; 



1111101, this transmission is a 3-stream 
MU-MIMO; 



1111100, this transmission is 4-stream 
MU-MIMO; 



1111011, this transmission is 5-stream 
MU-MIMO; 



1111010, this transmission is 6-stream 
MU-MIMO; 



1111001, this transmission is 7-stream 
MU-MIMO; 



1111000, this transmission is 8-stream 
MU-MIMO; 



0000000~1100011, MCS of SU-MIMO 
codeword II and number of streams (see 
Annex B) 



When𝑏42𝑏41 ≠ 11,  



b36… b33, Bitmap indicates CQI or CSI, 



feedback subchannel 



𝑏39 𝑏38𝑏37When𝑏42𝑏41 = 11, indicates 



the MCS of codeword II  



1111111, this transmission uses only 
one codeword 



0000000~1100011, MCS and number of 
streams for SU-MIMO codeword II (see 
Annex B). 



 



b42 b41b40 



SU-MIMO: 000; 



MU-MIMO: spatial stream starting position 
index, field value 0~7 



b40=1, request CQI feedback 



b42b41=01, request CSI feedback; 



b42b41=11, MCS of codeword II is 
indicated by b39 b38… b33 



b44b43 00: BCC code;  
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01: LDPC code length is 1 (determined by capability response frame); 



10: LDPC code length is 2 (determined by capability response frame); 



11: LDPC code length is 3 (determined by capability response frame) 



b45 



0: Time domain demodulation reference signal interval 0 (short demodulation 



reference signal interval, see Table 3); 



1: Time domain demodulation reference signal interval 1 (long demodulation 



reference signal interval, see  Table 3) 



b47b46 



00: frequency domain demodulation reference signal interval pattern 1 (DPI = 1); 



01: frequency domain demodulation reference signal interval pattern 2 (DPI = 2); 



10: frequency domain demodulation reference signal interval pattern 3 (DPI = 4); 



11: Reserved 



b54 b53… b48 



𝑏1 = 0, SU-MIMO transmission, 



𝑏48=0, 𝑏54⋯𝑏49indicates the resources used for signaling and feedback 



transmission in the user resource group, the field value is 0~63; 



𝑏48=1, 𝑏54⋯𝑏49reserved 



𝑏1 = 1, downlink MU-MIMO transmission, 



b54…b48, reserved 



𝑏1 = 1 , total number of uplink MU-MIMO 
streams and spatial stream starting position 
index 



b54..b52, 



001, this transmission includes a 2-stream 
MU-MIMO; 



010, this transmission includes a 3-stream 
MU-MIMO; 



011, this transmission includes a 4-stream 
MU-MIMO; 



100, this transmission includes a 5-stream 
MU-MIMO; 



101, this transmission includes a 6-stream 
MU-MIMO; 



110, this transmission includes a 7-stream 
MU-MIMO; 



111, this transmission includes a 8-stream 
MU-MIMO; 



b51..b49, 



Spatial stream starting position index, field 
value 0~7. 



b55 



Format 0 (capability negotiation decision, STBC mode): 



0, STBC transmission not adopted; 



1, STBC transmission adopted. 



Format 1 (capability negotiation decision, Precoding mode): 



0, precoding group size = 8(SU-MIMO), 1(MU-MIMO) 



1, precoding group size = 16(SU-MIMO), 4(MU-MIMO) 



b68 b67… b56 



Bit Map indicates the index of resource unit (RU) in OFDMA mode with 𝑏7 



together. Each bit indicates the corresponding index RU is occupied. 



( 𝑏68 𝑏67⋯𝑏56𝑏7) 



b84 b83… b69 CRC protection and STA ID identification 
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Note 1: b84 b83… b69 is the CRC of the unicast scheduling signaling field and the unique 12-bit ID of the 
cell allocated by the CAP.  



[b84 b83… b69] =XOR( [0000d11d10…d0]STAID    ,    [c15c14…c0]CRC  ) 



Note 2: The control channel is checked by a 16-bit CRC. The CRC generator polynomial is g(D) = D16 + 



D12+ D5+1. Definition is the same as that in Table 55. 



Note 3: The signaling and feedback transmission formats indicated by b54...b49 are given in 8.5.6.  



 



In low-error mode, the control channel field is defined in the table below. The CCH transmission uses 
MCS1. Convolutional coding is applied for control channel with frequency repetition number is 4 and 
time repetition number is 3. 



Table 57 Control field definition in low-error mode 



Bit Definition Notes 



b3b2…b0 The lowest 4 bits of this CAP MAC 
address 



[0 0 0 b3b2…b0] is used for CAP identifier and 



scrambling code seed 



b5 b4 Frame length 



00: 0.5ms 



01: 1ms 



10: 2ms 



11: 4ms 



b8b7b6 DL ratio  :  UL ratio 



000: 1:1 



001: 2:1 



010: 4:1 



011: 8:1 



100: 1:2 



101: 1:4 



110: 1:8 



111: reserved 



b9 DL MCS  
0: QPSK, 1/2 coding rate 



1: QPSK, 4/7 coding rate 



b10 UL MCS  
0: QPSK, 1/2 coding rate 



1: QPSK, 4/7 coding rate 



b11 DL Coding type 
0: TBCC code;  



1: LDPC with codeword size is 448 



b12 UL Coding type 
0: TBCC code;  



1: LDPC with codeword size is 448 



b14b13 
DL Repetition number in 
frequency domain(N) 



b5=0 (non-OFDMA mode, support frequency 
domain repetition ), 



00:  1 



01:  2 



10:  4 



11:  8 



b5=1 (OFDMA mode, frequency domain 
repetition  is fixed to be 1), 



[b18b17b14b13], Bit Map indicate the index of 
resource unit (RU) in OFDMA mode 
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0000 ~ 1101: RU #1 ~ RU #14 



1110:  reserved 



1111: the whole bandwidth is occupied 



b16b15 
DL Repetition number in time 
domain(M)  



00:  1 



01:  2 



10:  3 



11:  4 



b18b17 
UL Repetition number in 
frequency domain(N) 



b5=0 (non-OFDMA mode, support frequency 
domain repetition ), 



00:  1 



01:  2 



10:  4 



11:  8 



b5=1 (OFDMA mode, frequency domain 
repetition  is fixed to be 1), 



[b18b17b14b13], Bit Map indicate the index of 
resource unit (RU) in OFDMA mode 



0000 ~ 1101: RU #1 ~ RU #14 



1110:  reserved 



1111: the whole bandwidth is occupied 



b20b19 
UL Repetition number in time 
domain(M)  



00:  1 



01:  2 



10:  3 



11:  4 



b26b22…b21 Frame number 0~63, frame number counter 



b28b27 Uplink scheduling request channel 



00: No uplink scheduling request channel;  



01: Scheduling request channel is configured 
with 1 OFDM symbol; 



10: Scheduling request channel is configured 
with 2 OFDM symbols; 



11: Scheduling request channel is configured 
with 4 OFDM symbols; 



b29 
Uplink random access channel 
configuration 



0: No uplink random access channel;  



1: With downlink sounding channel, the 
parameters of sounding signal is shown in Annex 
C.   



b30 Indication of RACH and ranging 
0，RACH 



1，ranging 



b31 Indication of OFDMA mode 
0: non-OFDMA mode 



1: OFDMA mode 



b55b54…b32 24-bit CRC CRC protection 



Note 1: 𝑏55𝑏54. . 𝑏32 is the CRC of the unicast scheduling signaling field and the unique 12-bit ID of the 
cell allocated by the CAP.  



[𝑏55 𝑏54  ⋯ 𝑏32] = [0 0 0 0 𝑑11 𝑑10  ⋯ 𝑑0]𝑆𝑇𝐴𝐼𝐷⊕ [𝑐23 𝑐22  ⋯ 𝑐0]𝐶𝑅𝐶 
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Note 2: The control channel is checked by a 24-bit CRC. The CRC generator polynomial is𝑔(𝐷) = 𝐷24 + 



D
23



 + D
18



 + D
17



 + D
14



 + D
11



 + D
10



 + D
7
 + D



6
 + D



5
 + D



4
 + D



3
 + D + 1. Definition is the same as that in 



Table 55. 



Note 3: The DL/UL symbol number with different DL/UL ratio is calculated as follows: 



DLTCH_symbol_number = floor(N*DL_Ratio/(DL_Ratio+UL_Ratio)) 
 
ULTCH_symbol_number = N - DLTCH_symbol_number 



For non-OFDMA mode: 0.5/1/2/4ms frame, N=12/43/106/231;   



For OFDMA mode:  0.5/1/2/4ms frame, N=8/39/102/227;   



In mmWave mode, the control channel transmits in MCS101. LDPC coding is applied for control channel 
with frequency repetition number is 4 and time repetition number is 4. The field of CCH is shown in Table 
58. 



Table 58 Definition of control channel field in mmWave mode 



Bit 
Definition 



DL UL 



b0 
b0=1, downlink scheduling; 



b0=0, uplink scheduling 



b1 
b1=0, SU-MIMO transmission;  



b1=1, MU-MIMO transmission 



b5 b4… b2 



[b5b4...b2], Bit Map indicates the effective subchannel position of the scheduling 
signaling (refer to section 8.11.2.4), the bandwidth of each subchannel is working 
bandwidth 1 in the working bandwidth set. 



b6 



Indicates the current transmission mode: 



0: Open loop transmission; 



1: Closed loop transmission (dedicated demodulation reference signal mode); 



b7 



Bit Map indicates the index of resource unit (RU) in OFDMA mode with 



𝑏68 𝑏67⋯𝑏56together. Each bit indicates the corresponding index RU is 



occupied. (𝑏68 𝑏67⋯𝑏56𝑏7) 



b18 … b8 User resource group starting OFDM symbol index, field value: 0~2046 



b20… b19 



Repetition number in time domain 



00:  1 



01:  2 



10:  3 



11:  4 



b22… b21 



Repetition number frequency domain 



00:  1 



01:  2 



10:  4 



11:  8 



b25… b23 reserved 



b32 … b26 MCS of codeword I indication (see Annex B) 



b39 b38… b33 
MCS of codeword II and number of parallel 
spatial streams indication: 1111111, this When𝑏42𝑏41 ≠ 11,  
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transmission uses only one codeword 



1111110, this transmission is a 2-stream 
MU-MIMO; 



1111101, this transmission is a 3-stream 
MU-MIMO; 



1111100, this transmission is 4-stream 
MU-MIMO; 



1111011, this transmission is 5-stream 
MU-MIMO; 



1111010, this transmission is 6-stream 
MU-MIMO; 



1111001, this transmission is 7-stream 
MU-MIMO; 



1111000, this transmission is 8-stream 
MU-MIMO; 



0000000~1100011, MCS of SU-MIMO 
codeword II and number of streams (see 
Annex C) 



b36… b33, Bitmap indicates CQI or CSI, 



feedback subchannel 



𝑏39 𝑏38𝑏37When𝑏42𝑏41 = 11, indicates 



the MCS of codeword II  



1111111, this transmission uses only 
one codeword 



0000000~1100011, MCS and number of 
streams for SU-MIMO codeword II (see 
Annex C). 



 



b42 b41b40 



SU-MIMO: 000; 



MU-MIMO: spatial stream starting position 
index, field value 0~7 



b40=1, request CQI feedback 



b42b41=01, request CSI feedback; 



b42b41=11, MCS of codeword II is 
indicated by b39 b38… b33 



b44b43 



00: BCC code;  



01: LDPC code length is 1 (determined by capability response frame); 



10: LDPC code length is 2 (determined by capability response frame); 



11: LDPC code length is 3 (determined by capability response frame) 



b45 



0: Time domain demodulation reference signal interval 0 (short demodulation 
reference signal interval, see Table 3); 



1: Time domain demodulation reference signal interval 1 (long demodulation 
reference signal interval, see  Table 3) 



b47b46 



00: frequency domain demodulation reference signal interval pattern 1 (DPI = 1); 



01: frequency domain demodulation reference signal interval pattern 2 (DPI = 2); 



10: frequency domain demodulation reference signal interval pattern 3 (DPI = 4); 



11: Reserved 



b54 b53… b48 



𝑏1 = 0, SU-MIMO transmission, 



𝑏48=0, 𝑏54⋯𝑏49indicates the resources used for signaling and feedback 



transmission in the user resource group, the field value is 0~63; 



𝑏48=1, 𝑏54⋯𝑏49reserved 



𝑏1 = 1, downlink MU-MIMO transmission, 



b54…b48, reserved 



𝑏1 = 1 , total number of uplink MU-MIMO 
streams and spatial stream starting position 
index 



b54..b52, 



001, this transmission includes a 2-stream 
MU-MIMO; 



010, this transmission includes a 3-stream 
MU-MIMO; 



011, this transmission includes a 4-stream 
MU-MIMO; 



100, this transmission includes a 5-stream 
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MU-MIMO; 



101, this transmission includes a 6-stream 
MU-MIMO; 



110, this transmission includes a 7-stream 
MU-MIMO; 



111, this transmission includes a 8-stream 
MU-MIMO; 



b51..b49, 



Spatial stream starting position index, field 
value 0~7. 



b55 



Format 0 (capability negotiation decision, STBC mode): 



0, STBC transmission not adopted; 



1, STBC transmission adopted. 



Format 1 (capability negotiation decision, Precoding mode): 



0, precoding group size = 8(SU-MIMO), 1(MU-MIMO) 



1, precoding group size = 16(SU-MIMO), 4(MU-MIMO) 



b68 b67… b56 



Bit Map indicates the index of resource unit (RU) in OFDMA mode with 𝑏7 



together. Each bit indicates the corresponding index RU is occupied. 



( 𝑏68 𝑏67⋯𝑏56𝑏7) 



B72 b71b70 b69 



B76 b75b74 b73 



B80 b79b78 b77 



B84 b83b82 b81 



B88 b87b86 b85 



B92 b91b90 b89 



B96 b95b94 b93 



B100 b99b98 b97 



For each tx antenna, there are N TRN units and each TRN unit contains M TRN 



sequences. The M TRN sequences in one TRN unit are transmitted with the same 



direction. The different TRN units can be transmitted with different direction. 



0000: M=1, N=4 



0001: M=1, N=16 



0010: M=1, N=32 



0011: M=1, N=64 



0100: M=4, N=1 



0101: M=4, N=4 



0110: M=4, N=8 



0111: M=4, N=16 



1000: M=16, N=1 



1001: M=16, N=2 



1010: M=16, N=4 



1011: M=32, N=1 



1100: M=32, N=2 



1101: M=64, N=1  



B72 b71b70 b69 is set for tx antenna1 



B76 b75b74 b73 is set for tx antenna2 



B80 b79b78 b77 is set for tx antenna3 



B84 b83b82 b81 is set for tx antenna4 



B88 b87b86 b85 is set for tx antenna5 



B92 b91b90 b89 is set for tx antenna6 



B96 b95b94 b93 is set for tx antenna7 



B100 b99b98 b97 is set for tx antenn8 



b111… b101 Number of consecutive OFDM symbols in the user resource group, field value: 1 to 
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2047  



b127… b112 CRC protection and STA ID identification 



Note 1: b116 b115… b101 is the CRC of the unicast scheduling signaling field and the unique 12-bit ID of the 
cell allocated by the CAP.  



[b116 b115… b101] =XOR( [0000d11d10…d0]STAID    ,    [c15c14…c0]CRC  ) 



Note 2: The control channel is checked by a 16-bit CRC. The CRC generator polynomial is g(D) = D16 + 



D12+ D5+1. Definition is the same as that in Table 55. 



Note 3: The signaling and feedback transmission formats indicated by b54...b49 are given in 8.5.6.  



 



8.5  Downlink/Uplink traffic channel 



8.5.1 Resource allocation type of Downlink/Uplink traffic channel  



8.5.1.1 General 



In the downlink/uplink traffic channel, this specification supports TDMA and OFDMA resource 
multiplexing scheduling. The time-frequency resources allocated to each STA in the uplink or downlink 
traffic channel are called resource groups. 



8.5.1.2 Time division multiplexing resource allocation 



In the case of time division multiplexing, the OFDM symbol index in the STA resource group is from 0 to 
D(b32b31 ...b24)-1,where D(b32b31 ...b24) represents the decimal number corresponding to the bits b32b31...b24. 



8.5.1.3 OFDMA resource allocation 



In OFDMA mode, the unit of resource allocation is one resource unit (RU). One RU is composed by 16 
subcarriers. The RUs in OFDM symbols is consecutive and non-overlapped.  



8.5.2 Resource indication of Downlink/Uplink traffic channel 



8.5.2.1 Indication of time division multiplexing resource allocation 



In STA scheduling signaling (see Table 56), use [b16, b15...b8] to indicate the STA resource group starting 



OFDM symbol index, possible value is 0~510; use [b32b31...b24] to indicate the number of the continuous 
OFDM symbols occupied by the STA resource group.  



The resource group allocated for the STA includes the resources occupied by the demodulation reference 
signal. 



8.5.2.2 Indication of OFDMA resource allocation 



The indication of OFDMA resource allocation is indicated in control channel (see Table 56).  
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8.5.3 Traffic channel demodulation reference signal 



8.5.3.1 General 



This specification can dynamically adjust the demodulation reference signal (DRS) pattern in normal and 
mmWave mode. Different time domain interval of DRS can be configured through the Control Channel 
field 𝑏45; different frequency domain interval of DRS can be configured through the Control Channel field 
𝑏47𝑏46. 



If b6 in Control Channel field is 1, the demodulation reference signal can be precoded (i.e. dedicated 
demodulation reference signal); if b6 in Control Channel field  is 0, demodulation reference signal cannot 
be precoded (i.e. common demodulation reference signal). 



In low-error mode without OFDMA (see Table 57), there is no downlink DRS and CRS is used for both 



CCH and DL-TCH channel estimation. The uplink DRS shall be used for channel estimation in uplink 
TCH. The uplink DRS shall be generated in the same way as the CRS.   



In low-error mode with OFDMA (see Table 57), there are both downlink DRS and uplink DRS. The 



frequency domain interval DPIF of both downlink and uplink DRS is fixed to be 1. The frequency domain 
repetition number of both downlink and uplink DRS is fixed to be 1. The time domain repetition number 
of both downlink and uplink DRS is the one-fourth of the time domain repetition number of uplink and 
downlink TCH, respectively.  



8.5.3.2 Demodulation reference signal pattern 



See Annex A for the demodulation reference signal pattern. 



8.5.3.3 Demodulation reference signal interval 



Different time domain intervals of DRS can be configured by control channel scheduling signaling b45 



(see Table 56) to adapt to different radio propagation environments. Time domain pilot interval 



configuration, DPIT, is to insert a set of demodulation reference signal in every DPIT OFDM symbols. If 
b45=0, it is a short DPIT, and if b45=1, it is a long DPIT. The values of long and short DPI T are indicated in 
the MAC layer BCF frame. 



8.5.3.4 Demodulation reference signal sequence 



The generator polynomial of the pilot sequence is 1+ X11+X15. The structure of the linear feedback shift 



register with the maximum length is as shown in Figure 69. The generated sequence is BPSK-modulated 



to obtain the pilot symbol sequence {Si} i = 0, 1, ..., 32767. Initial state of the register is: 



[0 0 1 0 1 0 1 1 𝑎6 𝑎5 𝑎4 𝑎3 𝑎2 𝑎1 𝑎0] .MSB is on the left, and LSB on the right. 



[𝑎6 𝑎5 𝑎4 𝑎3 𝑎2 𝑎1 𝑎0]  are the lowest 7 bits of the CAP's MAC address. In low-error 



mode, [𝑎3 𝑎2 𝑎1 𝑎0] are the lowest 4 bits of the CAP's MAC address and   [𝑎6 𝑎5 𝑎4] are fixed to be 



0. 



In normal mode, there are 3 different basic DRS signal (D1, D2 and D3), which can be duplicated with 
rotation factor in frequency domain to support various bandwidths and subcarrier spacings, as shown in 



Table 59. The generation method of D1, D2 and D3 is as follows, where the value of Nsr is 115, 58 and 



29 for D1, D2 and D3, respectively. In OFDMA mode, the value of Nsr is 120, 60, 26 for D1, D2 and D3, 
respectively. 



In normal mode, the bits of {Si} is BPSK-modulated to generate {Mi, i = 0, 1, ..., 32767}. Then {Mi} is 



mapped to the time-frequency resource start from i=0, based on the following rules, to generate 𝑝𝑘,𝑙
𝑠𝑡𝑖 



                                                                             𝑖 = 0                                                          (Equation 25) 
𝑓𝑜𝑟 𝑙 = 0: 1:𝐷𝑃𝑛𝑢𝑚 − 1 
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 𝑓𝑜𝑟 𝑘 = −𝑁𝑠𝑟: 1:+𝑁𝑠𝑟    
  𝑖𝑓 𝑘 ∈ 𝑆𝐶𝑑𝑝



𝑠𝑡𝑖 



   𝑝𝑘,𝑙
𝑠𝑡𝑖 = 𝑀𝑖 



  𝑒𝑙𝑠𝑒 
   𝑝𝑘,𝑙



𝑠𝑡𝑖 = 0 



  𝑒𝑛𝑑 
  𝑖 = 𝑖 + 1 
 𝑒𝑛𝑑 
𝑒𝑛𝑑



 



dp



stiSC is the set of subcarriers defined as, 



𝑆𝐶𝑑𝑝
𝑠𝑡𝑖 = [±(1 + 𝑠𝑡𝑖 − (𝑙 − 1) ⋅ 𝐷𝑃𝐼𝐹), ±(1 + 𝐷𝑃𝐼𝐹 + 𝑠𝑡𝑖 − (𝑙 − 1) ⋅ 𝐷𝑃𝐼𝐹),⋯ ,±(𝑁 + 𝑠𝑡𝑖 − (𝑙 − 1) ⋅ 𝐷𝑃𝐼𝐹)]𝑙=⌊ 𝑠𝑡𝑖



𝐷𝑃𝐼𝐹
⌋+1 



𝑁 = 1 +𝐷𝑃𝐼𝐹 ⋅ ⌊(𝑁𝑠𝑟 − 𝑠𝑡𝑖 + (𝑙 − 1) ⋅ 𝐷𝑃𝐼𝐹 − 1)/𝐷𝑃𝐼𝐹⌋ 
𝐷𝑃𝐼𝐹 = 1,2,4 



                                         𝑠𝑡𝑖 = 0~7                                                                                      (Equation 26) 
 



D1, D2 and D3 is generated by adding zeros to 𝑝𝑘,𝑙
𝑠𝑡𝑖  at positions of virtual subcarriers given by Table 



35, Table 36 and Table 37.  



Table 59 DRS duplication modes in different Subcarrier spacing and bandwidth  



Subcarrier 
spacing (kHz) 



5 



MHz 



10 



MHz 



15 



MHz 



20 



MHz 



25 



MHz 



30 



MHz 



40 



MHz 



50 



MHz 



60 



MHz 



80  



MHz 



100 
MHz 



NFFT NFFT NFFT NFFT NFFT NFFT NFFT NFFT NFFT NFFT NFFT 



19.53125 256 512 768 1024 1280 1536 2048 2560 N/A N/A N/A 



Duplication 
number  



(Basic DRS 
Signal) 



1 



(D1) 



2 



(D1) 



3 



(D1) 



4 



(D1) 



5 



(D1) 



6 



(D1) 



8 



(D1) 



10 



(D1) 
N/A N/A N/A 



39.0625 128 256 384 512 640 768 1024 1280 1536 2048 2560 



Duplication 
number 



(Basic DRS 
Signal) 



1 



(D2) 



1 



(D1) 



3 



(D2) 



2 



(D1) 



5 



(D2) 



3 



(D1) 



4 



(D1) 



5 



(D1) 



6 



(D1) 



8 



(D1) 



10 



(D1) 



78.125 64 128 192 256 320 384 512 640 768 1024 1280 



Duplication 
number 



(Basic DRS 
Signal) 



1 



(D3) 



2 



(D2) 



3 



(D3) 



1 



(D1) 



5 



(D3) 



3 



(D2) 



2 



(D1) 



5 



(D2) 



3 



(D1) 



4 



(D1) 



5 



(D1) 



For cells in which the DPI is configured with 2 or 4，1~3 subcarrier offsets can be add to the 
dp



stiSC ，



through which demodulation pilots of different cells can be mapped onto different subcarriers. 



DRS transmitted from different CAP should add phase shift φ𝑖,𝑘 as follows,  



φ𝑖,𝑘 = 𝑒
−𝑗



2𝜋𝑘𝛿𝑖



𝑁𝐹𝐹𝑇
                                                                      (Equation 27) 



in which i is the index of different CAP, 𝛿𝑖 = {0，
𝑁𝐹𝐹𝑇



4
，



𝑁𝐹𝐹𝑇



2
，𝑁𝐹𝐹𝑇 ×



3



4
}. 
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For uplink In OFDMA mode, the same DRS generation procedure is applied first for the whole bandwidth, 
then the values of subcarriers which do not belong to current user are set to 0 before IFFT operation. 



In mmWave mode, the Demodulation reference signal shall be generated as follows: 



For 50MHz bandwidth, the demodulation reference signal is mapped to the time-frequency resource 



according to the rules of Equation 28. 



 𝑖 = 117 ∗ 𝑙 + (𝑘 + 58) (Equation 28) 



 Where 𝑘 = −58, . . . +58;  𝑙 = 0,1 



 𝑖 = 0 
𝑓𝑜𝑟 𝑙 = 0: 1 



𝑓𝑜𝑟 𝑘 = −58: 1:+58 



𝑖𝑓 𝑘 ∈ {𝑆𝐶𝑑𝑝
𝑠𝑡𝑖} 



𝑃𝑘,𝑙
𝑠𝑡𝑖 = 𝑀𝑖 



𝑒𝑙𝑠𝑒  
𝑃𝑘,𝑙
𝑠𝑡𝑖 = 0 



𝑒𝑛𝑑  



𝑖 = 𝑖 + 1 
𝑒𝑛𝑑  



𝑒𝑛𝑑 



 



For 100MHz bandwidth, the demodulation reference signal is mapped to the time-frequency resource 



according to the rules of Equation 29.  



 𝑖 = 231 ∗ 𝑙 + (𝑘 + 115) (Equation 29) 



 Where𝑘 = −115, . . . +115;  𝑙 = 0,1 



𝑖 = 0 
𝑓𝑜𝑟 𝑙 = 0: 1 



𝑓𝑜𝑟 𝑘 = −115: 1:+115 



𝑖𝑓 𝑘 ∈ {𝑆𝐶𝑑𝑝
𝑠𝑡𝑖} 



𝑃𝑘,𝑙
𝑠𝑡𝑖 = 𝑀𝑖 



𝑒𝑙𝑠𝑒  
𝑃𝑘,𝑙
𝑠𝑡𝑖 = 0 



𝑒𝑛𝑑  



𝑖 = 𝑖 + 1 
𝑒𝑛𝑑  



𝑒𝑛𝑑 



 



For 200MHz/400MHz bandwidth, the demodulation reference signal shall be duplicated in frequency 
domain in the unit of 100MHz.  



In mmWave mode, training sequence signals (also known as TRN) are used for channel tracking and 
beam tracking, this field is added ahead of the first Demodulation reference signal. The structure of the 
training sequence signals is shown in the figure below.  



PN-CP1 PN511 PN-CP2



 



The training sequence signals are transmitted using the sequence 𝑃𝑁511. The CP length for the training 
sequence signals is 127 sequence length and should be added ahead and behind the reference signals.  



See Annex D for the values of PN sequence.   
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8.5.4 Multi-antenna schemes for downlink traffic channel  



8.5.4.1 General 



In the multi-antenna transmission mode, the time domain baseband signal of the tith antenna port is 



obtained by the Equation 30  



 𝑟𝐹𝑖𝑒𝑙𝑑
(𝑡𝑖) (𝑡) =



1



√𝑁𝐹𝑖𝑒𝑙𝑑
𝑇𝑜𝑛𝑒⋅𝑁𝑠𝑡𝑠



𝑤𝑇(𝑡)∑ ∑ [𝑄𝑘]𝑡𝑖,𝑠𝑖�̃�𝑘
(𝑠𝑖) 𝑒𝑥𝑝(𝑗2𝜋𝑘𝛥𝑓𝑡)



𝑁𝑠𝑡𝑠
𝑠𝑖=1



𝑁𝐹𝐹𝑇/2−1
𝑘=−𝑁𝐹𝐹𝑇/2
𝑘∉𝑆𝐶𝑉



 (Equation 30) 



In which, 



𝑤𝑇(𝑡) - time domain window function, which is implementation related; 



�̃�𝑘
(𝑠𝑖)



- the loading symbol of the kth subcarrier on the sith spatial stream; 



SCV – the set of virtual subcarriers; 



𝛥𝑓 – Subcarrier spacing 



[𝑄𝑘]𝑡𝑖,𝑠𝑖- Elements of the tith row and the sith column of the precoding matrix 𝑄𝑘, 𝑄𝑘 ∈ 𝐶
𝑁𝑇𝑋×𝑁𝑠𝑠.  



The downlink multi-antenna transmission includes:  



Mode 1: Open loop SU-MIMO; 



Mode 2: Closed loop SU-MIMO; 



Mode 3: Closed loop MU-MIMO. 



8.5.4.2 Mode 1: open loop SU-MIMO 



Open loop SU-MIMO can support up to 8 streams. In open loop SU-MIMO, the STA can receive up to 



two codewords in parallel. Matrix 𝑄𝑘 ∈ 𝐶
𝑁𝑇𝑋×𝑁𝑠𝑡𝑠 in open loop mode is a column orthogonal matrix. The 



value of 𝑄𝑘 is implementation related. The same 𝑄𝑘 should be applied to both DRS and data OFDM 



symbols for one user. 



8.5.4.3 Mode 2: closed loop SU-MIMO 



Closed loop SU-MIMO can support up to 8 streams. The same precoding is performed in each subcarrier 
group, which is defined as precoding group. The number of precoding groups is Ng. The number of 
subcarriers in the gth precoding group is Ωg.  



The number of subcarriers 𝛺𝑔 in the precoding group in SU-MIMO mode is determined by Equation 31, 
which is indicated by bit 55 of control channel field. 



 𝛺𝑔 = 8,16 (Equation 31) 



The group begins from center useful subcarrier to the edge subcarriers for both positive and negative 



frequency until there are less than 𝛺𝑔 subcarriers left at the edge. Those subcarriers left form a new 



precoding group. 



In OFDMA mode, the precoding group contains a resource unit and the adjacent pilot subcarrier towards 
the center direction. The precoding groups at left and right edge contain two adjacent pilot subcarriers. 



8.5.4.4 Mode 3: closed loop MU-MIMO 



In closed loop MU-MIMO, each STA can only support one codeword. The same precoding is performed 
in each subcarrier group, which is defined precoding group. The number of precoding groups is Ng. The 
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number of subcarriers in the gth precoding group is Ωg.  



The number of subcarriers 𝛺𝑔 in the precoding group in MU-MIMO mode is determined by Equation 32, 



which is indicated by bit 55 of control channel field. 



         𝛺𝑔 = 1,4                   (Equation 32) 



The group begins from center useful subcarrier to the edge subcarriers for both positive and negative 



frequency until there are less than 𝛺𝑔 subcarriers left in the edge. Those subcarriers left form a new 



precoding group. 



In OFDMA mode, the precoding group contains a resource unit and the adjacent pilot subcarrier towards 
the center direction. The precoding groups at left and right edge contain two adjacent pilot subcarriers. 



8.5.5 Multi-antenna solution for uplink traffic channel  



The uplink multi-antenna transmission supports: 



Mode 1: Open loop SU-MIMO; 



Mode 2: Closed-loop SU-MIMO. 



Mode 3: Uplink MU-MIMO. 



8.5.5.1 Mode 1: open loop SU-MIMO 



Same as 8.5.4.2. 



8.5.5.2 Mode 2: closed loop SU-MIMO 



Same as 8.5.4.3. 



8.5.5.3 Mode 3: Uplink MU-MIMO 



For STA side, the uplink MU-MIMO transmission is same as SU-MIMO. CAP may schedule multiple STAs 
to form the MU-MIMO group, in which STAs can transmit simultaneously. Each STA can only support 
one codeword. The MIMO detection processing at CAP side is used to obtain the spatial streams from 
different STAs. The detailed MIMO detection and scheduling algorithms are implementation related.  



8.5.6 Signaling/feedback transmission channel 



8.5.6.1 General  



The signaling/feedback information can be transmitted in traffic channel (grouped with other MAC frames) 
or signaling/feedback channel. There are two types of signaling/feedback channel. The first one is the 
dedicated signaling/feedback channel, which is located at the beginning of STA’s resource group. The 
second one is the common signaling/feedback channel, which is located at the beginning of the whole 
DL/UL TCH.  



The transmission format of both common signaling/feedback channel and dedicated signaling/feedback 
channel is shown in Table 60.  



Table 60 Signaling/ feedback transmission format 



Coding Convolutional code, 1/2 code rate  
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Number of streams Single stream 



Modulation QPSK 



Space time coding Disable 



Demodulation Reference Signal DPIF = 1 



Transmission mode Open loop MIMO 



Define D (b54b53...b49) as the decimal number corresponding to b54b53...b49, where b54 is the most 
significant bit, and b49 is the least significant bit. Within the STA resource group, OFDM symbol 0 to D 
(b54b53...b49)-1 are used for dedicated signaling or feedback transmission, and the transmission format is 



independent of the indication in Table 56.  



The indication of the common signaling/feedback channel is shown in the following chapters. 



8.5.6.2 Downlink Signaling/ feedback transmission channel 



The downlink signaling/ feedback transmission channel is at the beginning of the DL-TCH, as shown in 



Figure 80. All downlink signaling/ feedback transmission channels share a demodulation reference signal.  



 



DL signaling/Feedback channel index



STA1 Service transmission



（Include pilot）
STA2 Service transmission（Include 



pilot）



DL-TCH



DL signaling/feedback



DL signaling/Feedback channel common demodulation pilot



0 1 2 3 4 5 6 7 63



 



Figure 80 Downlink signaling/feedback transmission channel 



8.5.6.3 Uplink Signaling/ feedback transmission channel 



Uplink signaling/ feedback transmission channel multiplexes the UL-TCH resources as shown in Figure 
81, each STA has its own DRS. 



STA1 TCH STA2 TCH



UL-TCH



0



0 113 7 6314 1917



.



.



.



UL-DRS



 



Figure 81 Uplink signaling/feedback channel  
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8.5.6.4 Resource indication of Signaling/ feedback transmission channel 



The information of signaling/ feedback channel is indicated by broadcasting CCH with CRC scrambled 



with BSTAID. See Table 61 for the specific fields. 



Table 61 Field definition of resource indication signaling of the signaling/ feedback transmission 
channel 



Bit 
Definition 



DL UL 



b3 b2 b1 b0 



Broadcast type: 



b3 b2 b1 b0=0001 indicates the downlink signaling/feedback channel 
resource; 



b3 b2 b1 b0=0000 indicates the uplink signaling/feedback channel resource 



b7 b6 b5 b4 
working bandwidth 1 subchannel Bitmap, multiple subchannels can be set to the 
same signaling/feedback channel  



b16 b15 … b8 
Signaling/ feedback channel resource group starting OFDM symbol index, field 
value: 0~510 



b22 b21 … b17 Reserved 



b28 b27 … b23 
Number of symbols occupied by the signaling/feedback channel, field values 1 to 
63 



b30b39 Reserved 



00: Format 1; 



01: Format 2; 



10〜11: Reserved 



b31 
0: The downlink broadcast channel allocation is 
valid; 1: The downlink broadcast channel allocation 
is invalid 



Reserved 
b36b35 … b32 



Signaling/feedback channel starting index occupied 
by the downlink broadcast channel, field value 1 to 
31 



b39 b38 b37 
Number of OFDM symbols occupied by the 
downlink broadcast channel, field value: 1~7 



B68 b54… b40 Reserved 



B84 b70 … b69 16-bit CRC is scrambled by BSTAID 



Note 1: The number of OFDM symbols occupied by the downlink signaling feedback channel is D (b28 
b27 ... b23), and the OFDM symbol with index 0 is the common demodulation reference signal occupying 
resources.  



Note 2: The CRC is defined the same as in Table 55. 



8.5.6.5 Signaling/feedback transmission channel assignment  



The CAP may assign the resources in the signaling/feedback channel to the STA through broadcasting 



CCH with CRC scrambled with BSTAID, as shown in Table 62.  



Table 62 Signaling/ feedback transmission channel assignment signaling field definition 



Bit Definition 
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DL UL 



b3 b2 b1 b0 



Broadcast type: 



b3 b2 b1 b0=0011, downlink signaling/feedback channel allocation; 



b3 b2 b1 b0=0010, uplink signaling/feedback channel allocation 



b7 b6 b5 b4 Subband bitmap 



b19 b18 ... b8 STA ID 



b24b23…b19 
index of starting OFDM symbol  in the signaling/feedback channel. The field value 
ranges from 0 to 63 



b30b29…b25 
the number of OFDM symbols occupied, field values 1 to 63; a field value of 0 indicates 
that the channel indication is invalid. 



b44b43…b31 Resource Unit bit map, “1” in each bit indicates the corresponding RU is occupied 



b45 0: information is duplicated in subbands;  1: information is different in subbands 



b68b67 … b46 reserved 



b84b83 … b69 16-bit CRC is scrambled by BSTAID 



. 



8.5.7 Directional broadcast channel 



In mmWave mode, Directional broadcast channel(D-BCH) is transmitted periodically to allow STAs to 
received network information and perform initial access. The structure of frames following D-BCH is 
defined in 8.1.1. 



Directional broadcast channel(D-BCH) are composed of Directional System information(D-SICH) and 
Directional STA initial access(D-RACH). Each D-BCH occupy 1ms.The period of D-BCH can be detected 
by STA based on the preamble of D-BCH. 



The directional system information Bits shall be converted into complex constellation points by using 



QPSK modulation. The constellation points shall then be spread using the sequence PN127. The 
directional system information field is defined in the table below.  



The directional System information channel with different beam pattern can be used for completing the 
base station TX antenna beam training.  



The directional System information channel are composed of Synchronous signals, demodulation 
reference signals and directional System information field. 



Synchronous signals are transited using the sequence PN255 and PN1023, the sequence PN255 are 
transited with the time domain repetition number 10. 



10 repetitions of PN255 is used for coarse synchronization and frequency offset estimation, PN1023 is used 
for fine synchronization and frequency offset estimation. 



The demodulation reference signals are transited using the sequence PN511 with the time domain 
repetition number 2. The CP length for the demodulation reference signals is 127 sequence length and 
should be added ahead and behind the reference signals. 



The structure of the directional System information channel is shown in the figure below. 



PN255 ... PN255



10 Repetitons



PN1023 PN-CP1 PN511 PN511 PN-CP2 D-SICH



 



See Annex D for the values of PN sequence. 
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Table 63 Directional System Information field 



Bit Definition Notes 



b7b6…b0 The lowest 8 bits of this CAP MAC 
address 



CAP identifier and scrambling code seed 



b19b18…b8 System Frame Number 0~4095， 



b25b24…b20 Beam Num   ≤ 64 Beam 



b31b30…b26 Beam ID 
≤ Beam Num, used to indicate the beam index 
where the current SICH is located, can be used 
to calculate time synchronization 



b33b32 bandwidth 



00:  50M 



01:  100M 



10:  200M 



11:  400M 



b35b34 RACH num 



RACH number for a single Beam: 



00： 1  



01： 2 



10： 4 



11： 8 



b37b36 RACH Root set 



Indicates ZC sequence root set index  : 



00:  1 



01:  2 



10:  3 



11:  4 



b41b40b39b38 Cap txpower 



Indicates that CAP's current transmit power in 
dBm: 



0000:  40 



0001:  29 



0010:  22.4 



0011:  34 



b42 BeamLoad 



Indicates the current beam load: 



0:Light load 



1:Heavy load 



B45…b43 Reserved  



b61 b60… b46 CRC CRC protection 



 



Directional STA initial access(D-RACH)：  



      - The initial channel access of D-RACH is based on a fully competitive mode, including the 
corresponding RACH channel resources and the preamble. The available random-access resources and 
preamble sets can be obtained by receiving the D-SICH.  
     - The initial random access process includes scanning different beams to obtain relevant D-SICH 
information, selecting the RACH channel corresponding to the most appropriate beam, randomly 
selecting a preamble in the alternative set to initiate the access and waiting to receive a random access 
response (DL-CCH) message which carries the initial TA, allocated uplink transmission resources, etc., 
and then the STA uses the allocated resources to send the first uplink message (connection 
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establishment request) while opening a window to wait for the connection establishment response 
message. If the access fails, the STA can continuously try to initiate an access for several times.  
The preamble is Zadoff-Chu sequence with Length = 1023，and the sequences are generated according 



to the equation following: 



 𝑍(𝑛) = 𝑒𝑗𝜋
𝜇𝑛2



𝑁 ，𝑛 = 0,1, . . .N-1;𝑁 = 1023；𝜇：root index
 (Equation 33)



 



 



8.6 Downlink/ Uplink sounding channel 



8.6.1 Downlink sounding channel 



When b64=1 in the system information field SICH, it indicates that the frame is configured with downlink 
sounding channel. The specific location of the downlink traffic channel and the downlink sounding channel 
is indicated by the MAC layer BCF frame.  



The downlink sounding channel can support up to 8 antenna ports. The pilot pattern is shown in Annex 
C. The generation of downlink sounding pilot is same as DRS, as shown in 8.5.3.4. It should be noted 
that the DPIF is fixed to be 4 and the number of spatial streams is equal to the number of antenna ports.  



8.6.2 Uplink sounding channel 



When b67=1 in the system information field SICH, it indicates that the frame is configured with uplink 
sounding channel. The uplink sounding channel is included in uplink TCH of each STA. The OFDM 
symbol number calculation of the uplink payload should subtract the OFDM symbol number of uplink 
sounding channel first if b67=1.   



The uplink sounding channel can support up to 8 antenna ports. The pilot pattern is shown in Annex C. 
The generation of uplink sounding pilot is same as DRS, as shown in 8.5.3.4. It should be noted that the 
DPIF is fixed to be 4 in normal mode and 1 in OFDMA mode. The number of spatial streams should be 
equal to the number of antenna ports. 



      



8.7 Uplink scheduling request channel 



8.7.1 General 



The position of the uplink scheduling request channel (UL SRCH) in the uplink frame is in Figure 66. Each 
STA can randomly select a subband to transmit it’s SRCH. The request signal for each subband is 
generated in accordance with the method shown in Figure 82 



IFFT Add CP
Generate PN 



sequence



Subcarrier 



mapping



Generate 



cyclic shift 



sequence



 CS



Constellation 



mapping



jCAP_MAC,  i



 



Figure 82Scheduling request signal generation method 



 



In the figure, CAP_MAC means that the lowest 7 bits of the CAP’s MAC address. i is the PN sequence 



index （0 ≤ 𝑖 < 4），{𝛿𝐶𝑆} is the cyclic shift parameter set, and j is the cyclic shift parameter index (0≤j 



< 8). Each STA shall randomly select the value of i and j with equal probability. 
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8.7.2 Generation of PN sequences 



The PN sequence adopts the linear feedback shift register sequence with the maximum length with a 



generator polynomial of 1+X11+X15. Its block diagram is shown in Figure 83.   



00 01 01 11 r5r6 r3r4 r1r2 r0



MSB LSB



R



 



Figure 83 PN sequence generator 



The initial value of the register is 𝑟𝑖𝑛𝑖𝑡 = [00101011r6𝑟5𝑟4𝑟3𝑟2𝑟1𝑟0]𝑏, MSB is on the left and the LSB 



on the right; where [𝑟6𝑟5𝑟4𝑟3𝑟2𝑟1𝑟0]𝑏 = CAP_MAC, are the lowest 7 bits of the CAP's MAC address. 



The generated PN sequence {X} is divided into 4 different PN sequence {Si, i = 0,1,2,3}, where Si = 
X[i*4096 i*4096+1 … (i+1)*4096].  



8.7.3 Modulation mapping 



Sequence Si is BPSK-modulated (Table 45) to obtain sequence Ci. 



8.7.4 Subcarrier mapping 



The sequence Ci is mapped to useful subcarriers to obtain sequence Mi.   



8.7.5 Frequency domain cyclic shift 



The subcarrier mapped sequence 𝑀𝑖 is cyclically shifted according to Equation 34 to obtain sequence Ti.  



 𝑇𝑖,𝑘
𝑗
= 𝑀𝑖,𝑘𝑒



−𝑗
2𝜋𝑘𝛿𝐶𝑆



𝑗



𝑁𝐹𝐹𝑇  (Equation 34) 



Where, NFFT is the number of FFT points, 𝑘 ∈ [−
𝑁𝐹𝐹𝑇



2
,
𝑁𝐹𝐹𝑇



2
− 1] is a cyclic shift parameter, and the unit 



is the number of sampling points. {𝛿𝐶𝑆} = {0,
𝑁𝐹𝐹𝑇



8
,
2×𝑁𝐹𝐹𝑇



8
, … ,



7×𝑁𝐹𝐹𝑇



8
}. 



8.7.6 Resource allocation for independent resource request frame 



The CAP allocates the UL-TCH resources occupied by the independent resource request frame to the 



STA through the signaling shown in Table 64. 



Table 64 Source allocation for independent resource request frame 



Bit Definition 



b3 b2 b1 b0 



Broadcast type: 



b3 b2 b1 b0=0110, independent resource request frame (allocation of resources for 
independent resource Request frame) 



b7 b6 b5 b4 



b5b4=00, the resource allocation of this independent resource request frame is for 3 
allocations   



b5b4=01, the resource allocation of this independent resource request frame is for 2 
allocations. 
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b5b4=10, the resource allocation of this independent resource request frame is for 1 
allocation 



b7b6: reserved 



b23 b22 … b8 



Allocation 1 



b9b8=00, corresponding to the scheduling request to the first OFDM symbol of UL-
SRCH;  



b9b8=01, corresponding to the scheduling request to the second OFDM symbol of 
UL-SRCH; 



b9b8=10, corresponding to the scheduling request to the third OFDM symbol of UL-
SRCH; 



b9b8=11, corresponding to the scheduling request to the fourth OFDM symbol of UL-
SRCH; 



b11 b10, PN sequence index, field value 0~3 



b14 b13 b12, PN sequence frequency domain circular shift index, 



b17 b16 b15, indication of the lowest 3 bits of the system frame number generated by 
random access 



b23 b22… b18, the starting position index of the resources allocated to the scheduling 
request on the signaling/feedback channel, with the field value ranging from 1 to 63, 
and value 0 is invalid.  



b39 b38 … b24 



Allocation 2, if b5b4 
= 00 or 01 



b25b24, defined the same as b9b8 



b27 b26, PN sequence index, field value 0~3 



b30 b29 b28, PN sequence frequency domain circular shift index, 



b33 b32 b31, indication of the lowest 3 bits of the system frame number generated by 
random access 



b39 b38… b34, the starting position index of the resources allocated to the scheduling 
request on the signaling/feedback channel, with the field value ranging from 1 to 63, 
and value 0 is invalid.  



 b55 
b54 … b40 



b5b4=00, 



allocatio
n 3 



b41b40, defined the same as b9b8 



b43 b42, PN sequence index, field value 0~3 



b46b45b44, PN sequence frequency domain circular shift index.  



b49 b48 b47, indication of the lowest 3 bits of the system frame number generated by 
random access 



b55b54…b50, the starting position index of the resources allocated to the scheduling 
request on the signaling/feedback channel, with the field value ranging from 1 to 63, 
and value 0 is invalid.  



b55 b54 … 
b40 



b5b4 = 01 



b40=0: allocation 1, subband copy 



b40=1: allocation 1, sideband transmission 



b41=0: allocation 2, subband copy 



b41=1: allocation 2, sideband transmission 



b45…b42: allocation 1 is sent on this subband (b40=1 is valid) 



b49…b46: allocation 2 is sent on this subband (b41=1 is valid) 



b63...b50: Reserved 



b55 b41 … 
b24 



b5b4 = 10 



for 
allocatio
n 1 



b24=0: allocation 1, subband copy 



b24=1: allocation 1, subband transmission 



b28…b25: subband bitmap, set to “1” if allocation 1 is sent on this subband (if b24=1) 



b42…b29: OFDMA resource unit bitmap 



b48…b43: the number of OFDM symbols 



b55…b49: Reserved 



b68 … b56 reserved 
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b84 b83 … b69 16-bit CRC is scrambled by BSTAID 



8.8 Uplink random access channel 



8.8.1 Generation of random access signal 



The position of the uplink random access channel (UL RACH) is at the end of the uplink frame as shown 
in Figure 66. Each STA can randomly select a subband to transmit it’s RACH. The frequency domain 
RACH signal for each subband is generated in the same way as UL SRCH, as specified in 8.7.1~8.7.5, 
where Each STA shall randomly select the value of i and j with equal probability. It should be noted that 
different frequency domain cyclic shift values are used, as shown in the following sections. 



The frequency domain RACH signal generated is transformed to time domain signal with the sampling 
points of NFFT. CP and GP (Guard Period) are then added to generate the RACH channel, where there 
is no signal transmitting during GP. 



8.8.2 Random access channel format  



There are 3 RACH formats with different configurations of CP and GP. The RACH format is indicated by 
BCF. The format 1 RACH can be repeated transmitted to increase the reliability as specified in BCF.   



8.8.2.1 Format 1 



CP



NFFT/8  NFFT



 



{𝛿𝐶𝑆} = {0,
𝑁𝐹𝐹𝑇



8
,
2×𝑁𝐹𝐹𝑇



8
, … ,



7×𝑁𝐹𝐹𝑇



8
}. 



8.8.2.2 Format 2 



CP



NFFT/4 NFFT



GP



NFFT



 



{𝛿𝐶𝑆} = {0,
𝑁𝐹𝐹𝑇
4



,
2 × 𝑁𝐹𝐹𝑇



4
,
3 × 𝑁𝐹𝐹𝑇



4
} 



8.8.2.3 Format 3 



CP



NFFT/2
NFFT



GP



3NFFT/4



 



{𝛿𝐶𝑆} = {0,
𝑁𝐹𝐹𝑇
2
} 
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8.8.3 Resource allocation for random access request frame 



After receiving the RACH from STA, the CAP allocates the UL signaling/feedback channel resources 



occupied by the random access request frame to the STA through broadcasting CCH shown in Table 65. 



Table 65 Resource allocation for random access request frame 



Bit Definition 



b3 b2 b1 b0 



Broadcast type 



b3 b2 b1 b0=0100, random access request (allocate resources for random access 
request frame) 



b7 b6 b5 b4 



b4=0, the resource allocation indication is for 2 STAs. 



b4=1, the resource allocation indication is for 1 STA. 



b7...b5, reserved 



b31 b30… b8 



Allocation 1 



b9 b8, PN sequence index, field value 0 - 3 



b12 b11 b10, PN sequence frequency domain circular shift index, 



b15 b14 b13, the lowest 3 bits of the system frame number generated by Random 
Access 



b25 b24… b16, emission timing advance 



b31 b30… b26, the starting position index of the resources allocated to Random Access 
Request on the signaling/feedback channel, with the field value ranging from 1 to 
63, and value 0 is invalid. 



b55 b54… 
b32 



b4=0, 



allocation 
2 



b33 b32, PN sequence index, field value 0 - 3 



b36 b35… b34, PN sequence frequency domain circular shift index, 



b39 b38 b37, the lowest 3 bits of the system frame number generated by Random 
Access 



b49 b48… b40, emission timing advance 



b55b54… b50, the starting position index of the resources allocated to Random Access 
Request on the signaling/feedback channel, with the field value ranging from 1 to 
63, and value 0 is invalid. 



b4=1 
b38…b32, the high bits of the emission timing advance 



b55...b39, reserved 



b68 … b56 reserved 



b84 b83 … b69 16-bit CRC is scrambled by BSTAID 



8.8.4 Resource allocation for random access response frame 



The CAP indicates the DL signaling/feedback channel resources occupied by the random access 



response frame to the STA through the signaling shown in Table 66.  



Table 66 Resource allocation for random access response frame 



Bit Definition 



b3 b2 b1 b0 
Broadcast type 



b3 b2 b1 b0=0101, Random Access Response Frame (allocate resources for Random 
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Access Response frame) 



b7 b6 b5 b4 



b4=0: allocation 1, subband copy 



b4=1: allocation 1 is transmitted on corresponding  subband, and no copy is 
performed.  



b5=0: allocation 2, subband copy 



b5=1: allocation 2 is transmitted on corresponding subband, and no copy is 
performed.  



b6=0: allocation 3, subband copy 



b6=1: allocation 3 is transmitted on corresponding subband, and no copy is 
performed.  



b7 reserved 



b23 b22 … b8 



Allocation 1 



b9 b8, PN sequence index, field value 0 - 3 



b12 b11 b10, PN sequence frequency domain circular shift index. The circular shift of 
000 is 0, of 001 is32, and of 111 is 224 



b15 b14 b13, the lowest 3 bits of the system frame number generated by Random 
Access 



b21 b20… b16, the starting position index of the resources allocated to Random Access 
Request on the signaling/feedback channel, with the field value ranging from 1 to 
63, and value 0 is invalid. 



b23 b22, reserved 



b39 b38 … b24 



Allocation 2 



b25 b24, PN sequence index, field value 0 - 3 



b28 b27… b26, PN sequence frequency domain circular shift index, 



The circular shift of 000 is 0, of 001 is32, and of 111 is 224 



b31 b30 b29, the lowest 3 bits of the system frame number generated by Random 
Access 



b37 b36… b32, the starting position index of the resources allocated to Random Access 
Response on the signaling/feedback channel, with the field value ranging from 1 to 
63, and value 0 is invalid.  



b39 b38, allocation 2 is sent in this sub-band.  



b55 b54 … b40 



Allocation 3 



b41 b40, PN sequence index, field value 0~3 



b44 b43 b42, PN sequence frequency domain circular shift index, 



The circular shift of 000 is 0, of 001 is 32, and of 111 is 224 



b47 b46 b45, the lowest 3 bits of the system frame number generated by Random 
Access 



b53 b52… b48, the starting position index of the resources allocated to Random 
Access Response on the signaling/feedback channel, with the field value ranging 
from 1 to 63, and value 0 is invalid.  



b55 b54, allocation 3 is sent in this sub-band. 



b71 b70… b56 16-bit CRC is scrambled by BSTAID 
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8.9 Uplink power and timing advance control 



8.9.1 Open loop power control 



Considering the channel reciprocity of the uplink and downlink of the TDD system, open loop power 



control can be used, see 36. 



 𝑃𝑆𝑇𝐴 = 𝑚𝑖𝑛{𝑃𝑆𝑇𝐴_𝑀𝐴𝑋, 𝑃0 + 𝛼 × 𝑃𝐿𝑂𝐿}(𝑑𝐵𝑚) (Equation 35) 



In which, 



P0, 𝛼 - configurable parameters  



PLOL - transmission path loss estimate. It can be estimated according to the STA received signal power 
and the CAP transmit power. The CAP transmit power is indicated in the MAC layer BCF frame. In 
mmWave mode, the CAP transmit power is given in D-SICH. 



Other open power control schemes can be used to achieve better performance. 



8.9.2 Closed loop power and timing advance control 



The closed loop power control is transmitted by broadcasting CCH, shown in Table 67. 



Table 67 Closed loop control signaling 



Bit Definition 



b3 b2 b1 b0 
Broadcast type 



b3 b2 b1 b0=1001, closed loop link control 



b7 b6 b5 b4 



b4=0, the closed-loop control signaling is for 100ns resolution of TA. 



b4=1, the closed-loop control signaling is for 50ns resolution of TA. 



b7...b5, reserved 



b55 b54… b8 



Indication 



b19b18… b8, STAID 



b29 b28… b20, timing advance 



b31b30, reserved 



b39b38… b32, the transmit power is increased or decreased by n*0.25 dB, where n is 
the signed decimal number represented by b39b38… b32. If the value of n is positive, 
the transmit power is increased. If the value of n is negative, the transmit power is 
decreased.  



b4=0: b55...b46 reserved (b29...b20 is timing advance, with resolution of 100ns) 



b4=1:  



b46..b40, the high bits of the timing advance ([b46..b40 b29..b20] is the timing advance, 



with resolution of 50ns) 



b55...b47, reserved 



reserved 



b68 … b56 16-bit CRC is scrambled by BSTAID 
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8.10 Uplink distance measurement-based scheduling 



The CAP can assign PN sequence index and circular shift index for STA to measure the distance. The 
assignment is indicated in broadcast CCH, as shown in Table 68.  



Table 68 Indication of uplink distance measurement based scheduling 



Bit Definition 



𝑏3𝑏2𝑏1𝑏0 
Broadcast type 



𝑏3𝑏2𝑏1𝑏0=1011, measurement indication 



𝑏7𝑏6𝑏5𝑏4 Reserved 



𝑏31𝑏30⋯𝑏8 



Indication 



𝑏19𝑏18⋯𝑏8, STAID  



𝑏21𝑏20, PN sequence index 



𝑏23𝑏22, reserved 



𝑏26𝑏25𝑏24, circular shift index 



𝑏31𝑏30⋯𝑏27, reserved 



𝑏55𝑏54⋯𝑏32 



Indication 



𝑏43𝑏42⋯𝑏32, STAID 



𝑏45𝑏44, PN sequence index 



𝑏47𝑏46, reserved 



𝑏50𝑏49𝑏48, circular shift index 



𝑏55𝑏54⋯𝑏51, reserved 



𝑏71 𝑏70⋯𝑏56 16-bit CRC is scrambled by BSTAID 



8.11 Spectrum aggregation mode 



The EUHT system uses component carrier as the basic channel bandwidth, and support higher 
bandwidths by spectrum aggregation as shown in Figure 84. The number of component carriers is up to 
16. The frame structure, system parameters of each component carrier is the same. The SICH is 
duplicated and transmitted in all component carriers. CCH and TCH in each component carrier can be 
different.   
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Figure 84 Spectrum aggregation mode 



8.12 Transmitter and receiver specifications  



8.12.1 Working frequency band and channel 



The system defined in this specification can operate in the sub-6G band and millimeter wave band, or 
other bands that may be planned in the future.  



8.12.2 Emission spectrum template 



The spectrum emission template for bandwidth (BW) is shown in  Figure 85, where 𝐹1 =
𝐵𝑊



2
− 𝑑𝐹 , 𝐹2 =



𝐵𝑊



2
+ 𝑑𝐹 , 𝑑𝐹 = (



𝑁𝐹𝐹𝑇



2
−𝑁𝑠𝑟 − 1) × ∆𝑓 



It should be noted that the spectrum emission templates are also subject to the regional regulatory 



requirements. 
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Figure 85 Spectrum emission template  



8.12.3 Transmit power 



The maximum output power of CAP and STA is limited by regional regulatory requirements. 



8.12.4 Transmission frequency and Symbol clock frequency tolerance 



The transmission frequency and Symbol clock frequency tolerance is subject to the requirements 
specified in the relevant documents of the Radio Management Department. Different transmission link 
center frequencies (LO) and each transmit link symbol clock frequency shall be generated by the same 
reference oscillator.   



8.12.5 Transmitter constellation error 



The averaging RMS error of the transmitted constellation frame shall not exceed the value defined in 



Table 69.  



Table 69 Relation between the allowable relative constellation error, constellation size and 
coding rate 



Modulation Coding rate Relative constellation error / dB 



BPSK 1/2 -6 



BPSK 4/7 -7 



QPSK 1/2 -10 
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QPSK 4/7 -11 



QPSK 3/4 -13 



16-QAM 1/2 -16 



16-QAM 4/7 -17 



16-QAM 5/8 -18 



16-QAM 3/4 -20 



16-QAM 7/8 -21 



64-QAM 2/3 -24 



64-QAM 3/4 -25 



64-QAM 5/6 -26 



64-QAM 7/8 -27 



256-QAM 3/4 -30 



256-QAM 5/6 -32 



256-QAM 7/8 -33 



1024-QAM 3/4 -35 



1024-QAM 7/8 -38 



8.12.6 Minimum input sensitivity of receiver  



For a packet with a length of 1000 bytes payload, when the packet error rate is less than 10%, the 
minimum sensitivity of the receiver input level is shown in Table 70. The sensitivity requirements apply 
for both convolutional coding and LDPC. It should be noted that the table below only shows the 



requirement for 20MHz. The requirements for bandwidth of W MHz can be obtained by adding the 



values at 20MHz to 10*log10(W/20).  



Table 70 Minimum input level sensitivity of receiver 



Modulation Coding rate R 
Minimum sensitivity / dBm 



(20MHz bandwidth) 



BPSK 1/2 -82 



BPSK 4/7 -81 



QPSK 1/2 -79 



QPSK 4/7 -78 



QPSK 3/4 -77 



16-QAM 1/2 -74 



16-QAM 4/7 -73 



16-QAM 5/8 -72 



16-QAM 3/4 -70 



16-QAM 7/8 -69 
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64-QAM 2/3 -66 



64-QAM 3/4 -65 



64-QAM 5/6 -64 



64-QAM 7/8 -63 



256-QAM 3/4 -60 



256-QAM 5/6 -58 



256-QAM 7/8 -57 



1024-QAM 3/4 -54 



1024-QAM 7/8 -51 
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Annex A 
 (Normative)  



Demodulation reference signal Pattern  



The demodulation reference signal pattern is shown in Table A. 1.  



Table A. 1 Demodulation reference signal pattern 



Index 𝑁𝑠𝑡𝑠 𝐷𝑃𝐼𝐹 𝐷𝑃𝑛𝑢𝑚 



1 1 1 1 



2 1 2 1 



3 2 1 2 



4 2 2 1 



5 3 1 3 



6 3 2 2 



7 3 4 1 



8 4 1 4 



9 4 2 2 



10 4 4 1 



11 5 1 5 



12 5 2 3 



13 5 4 2 



14 6 1 6 



15 6 2 3 



16 6 4 2 



17 7 1 7 



18 7 2 4 



19 7 4 2 



20 8 1 8 



21 8 2 4 



22 8 4 2 



Note: 



- Pilot period 𝐷𝑃𝐼𝐹 refers to the subcarrier period of the pilot symbol in one space time stream. For 



example, 𝐷𝑃𝐼𝐹 = 2 indicates a demodulation reference signal for every 2 adjacent useful 



subcarriers. 



- Number of DRS symbols, 𝐷𝑃𝑛𝑢𝑚, refers to the number of consecutive OFDM symbols occupied 



by the demodulation reference signal in the time domain. 
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Annex B  
(Normative)  



MCS Parameters 



Table B. 1 defines the symbols used for the MCS parameter table, and the symbols in the symbol-



dependent rate table. 



Table B. 1 Symbols used for the MCS parameter table 



Symbol Definition  



R Code rate 



N BPSC 
The sum of the number of encoded bits of each spatial stream per 
subcarrier 



Table B. 2 defines the MCS set for each spatial stream in equal-order modulation.  



Table B. 2 MCS parameters in EQM mode 



MCS index number Modulation mode N ss R N BPSC 



0 BPSK 1 1/2 1 



1 QPSK 1 1/2 2 



2 QPSK 1 3/4 2 



3 16-QAM 1 1/2 4 



4 16-QAM 1 5/8 4 



5 16-QAM 1 3/4 4 



6 16-QAM 1 7/8 4 



7 64-QAM 1 2/3 6 



8 64-QAM 1 3/4 6 



9 64-QAM 1 5/6 6 



10 64-QAM 1 7/8 6 



11 256-QAM 1 3/4 8 



12 256-QAM 1 5/6 8 



13 256-QAM 1 7/8 8 



14 BPSK 2 1/2 2 



15 QPSK 2 1/2 4 



16 QPSK 2 3/4 4 



17 16-QAM 2 1/2 8 



18 16-QAM 2 5/8 8 



19 16-QAM 2 3/4 8 



20 16-QAM 2 7/8 8 



21 64-QAM 2 2/3 12 
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Table B.2 (continued) 



MCS index number Modulation mode  N ss R NBPSC 



22 64-QAM 2 3/4 12 



23 64-QAM 2 5/6 12 



24 64-QAM 2 7/8 12 



25 256-QAM 2 3/4 16 



26 256-QAM 2 5/6 16 



27 256-QAM 2 7/8 16 



28 BPSK 3 1/2 3 



29 QPSK 3 1/2 6 



30 QPSK 3 3/4 6 



31 16-QAM 3 1/2 12 



32 16-QAM 3 5/8 12 



33 16-QAM 3 3/4 12 



34 16-QAM 3 7/8 12 



35 64-QAM 3 2/3 18 



36 64-QAM 3 3/4 18 



37 64-QAM 3 5/6 18 



38 64-QAM 3 7/8 18 



39 256 QAM 3 3/4 24 



40 256 QAM 3 5/6 24 



41 256-QAM 3 7/8 24 



42 BPSK 4 1/2 4 



43 QPSK 4 1/2 8 



44 QPSK 4 3/4 8 



45 16-QAM 4 1/2 16 



46 16-QAM 4 5/8 16 



47 16-QAM 4 3/4 16 



48 16-QAM 4 7/8 16 



49 64-QAM 4 2/3 24 



50 64-QAM 4 3/4 24 



51 64-QAM 4 5/6 24 



52 64-QAM 4 7/8 24 



53 256-QAM 4 3/4 32 



54 256-QAM 4 5/6 32 











 



 Nufront (Beijing) Technology Group Co., Ltd.    135 



55 256-QAM 4 7/8 32 



Table B. 3 defines the MCS set for 2 spatial streams in unequal modulations. 



Table B. 3 MCS parameters of UEQM with N ss = 2 



MCS index number 
Modulation mode  



R NBPSC 
Stream 1 Stream 2 



56 16-QAM QPSK 1/2 6 



57 64-QAM QPSK 1/2 8 



58 64-QAM 16-QAM 1/2 10 



59 16-QAM QPSK 3/4 6 



60 64-QAM QPSK 3/4 8 



61 64-QAM 16-QAM 3/4 10 



Table B. 4 defines the MCS set for 3 spatial streams in unequal modulations. 



Table B. 4 MCS parameters of UEQM with N ss = 3 



MCS index number 
Modulation mode 



R NBPSC 
Stream 1 Stream 2 Stream 3 



62 16-QAM QPSK QPSK 1/2 8 



63 16-QAM 16-QAM QPSK 1/2 10 



64 64-QAM QPSK QPSK 1/2 10 



65 64-QAM 16-QAM QPSK 1/2 12 



66 64-QAM 16-QAM 16-QAM 1/2 14 



67 64-QAM 64-QAM QPSK 1/2 14 



68 64-QAM 64-QAM 16-QAM 1/2 16 



69 16-QAM QPSK QPSK 3/4 8 



70 16-QAM 16-QAM QPSK 3/4 10 



71 64-QAM QPSK QPSK 3/4 10 



72 64-QAM 16-QAM QPSK 3/4 12 



73 64-QAM 16-QAM 16-QAM 3/4 14 



74 64-QAM 64-QAM QPSK 3/4 14 



75 64-QAM 64-QAM 16-QAM 3/4 16 



  











 



 Nufront (Beijing) Technology Group Co., Ltd.    136 



Table B. 5 defines the MCS set for 4 spatial streams in unequal modulations. 



Table B. 5 MCS parameters of UEQM with N ss = 4 



MCS index number 
Modulation mode  



R NBPSC 
Stream 1 Stream 2 Stream 3 Stream 4 



76 16-QAM QPSK QPSK QPSK 1/2 10 



77 16-QAM 16-QAM QPSK QPSK 1/2 12 



78 16-QAM 16-QAM 16-QAM QPSK 1/2 14 



79 64-QAM QPSK QPSK QPSK 1/2 12 



80 64-QAM 16-QAM QPSK QPSK 1/2 14 



81 64-QAM 16-QAM 16-QAM QPSK 1/2 16 



82 64-QAM 16-QAM 16-QAM 16-QAM 1/2 18 



83 64-QAM 64-QAM QPSK QPSK 1/2 16 



84 64-QAM 64-QAM 16-QAM QPSK 1/2 18 



85 64-QAM 64-QAM 16-QAM 16-QAM 1/2 20 



86 64-QAM 64-QAM 64-QAM QPSK 1/2 20 



87 64-QAM 64-QAM 64-QAM 16-QAM 1/2 22 



88 16-QAM QPSK QPSK QPSK 3/4 10 



89 16-QAM 16-QAM QPSK QPSK 3/4 12 



90 16-QAM 16-QAM 16-QAM QPSK 3/4 14 



91 64-QAM QPSK QPSK QPSK 3/4 12 



92 64-QAM 16-QAM QPSK QPSK 3/4 14 



93 64-QAM 16-QAM 16-QAM QPSK 3/4 16 



94 64-QAM 16-QAM 16-QAM 16-QAM 3/4 18 



95 64-QAM 64-QAM QPSK QPSK 3/4 16 



96 64-QAM 64-QAM 16-QAM QPSK 3/4 18 



97 64-QAM 64-QAM 16-QAM 16-QAM 3/4 20 



98 64-QAM 64-QAM 64-QAM QPSK 3/4 20 



99 64-QAM 64-QAM 64-QAM 16-QAM 3/4 22 



 



Table B. 6 MCS parameters in EQM mode 



MCS index number Modulation mode Nss R NBPSC 



100 BPSK 1 4/7 1 



101 QPSK 1 4/7 2 



102 16QAM 1 4/7 4 



103 1024-QAM 1 3/4 10 
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104 1024-QAM 1 7/8 10 



105 1024-QAM 2 3/4 20 



106 1024-QAM 2 7/8 20 



107 1024-QAM 3 3/4 30 



108 1024-QAM 3 7/8 30 



109 1024-QAM 4 3/4 40 



110 1024-QAM 4 7/8 40 



 



Table B. 7 MCS parameters of UEQM with higher order modulation  



MCS index number 
Modulation mode  



R NBPSC 
Stream 1 Stream 2 Stream 3 Stream 4 



111 256-QAM 64-QAM - - 3/4 14 



112 1024-QAM 256-QAM - - 3/4 18 



113 256-QAM 64-QAM 64-QAM - 3/4 20 



114 1024-QAM 256-QAM 64-QAM - 3/4 24 



115 256-QAM 64-QAM 64-QAM 16-QAM 1/2 24 



116 256-QAM 64-QAM 64-QAM 16-QAM 3/4 24 



117 1024-QAM 256-QAM 64-QAM 16-QAM 1/2 28 



118 1024-QAM 256-QAM 64-QAM 16-QAM 3/4 28 



119 1024-QAM 256-QAM 64-QAM 16-QAM 7/8 28 
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Annex C  
(Normative) 



 Sounding Pilot Pattern 



Table C. 1 defines the sounding pilot pattern in this specification. 



Table C. 1 Sounding pilot pattern 



Index 𝑁𝑡𝑥 𝑆𝑃𝐼𝐹 𝑆𝑃𝑛𝑢𝑚 



1 1 4 1 



2 2 4 1 



3 3 4 1 



4 4 4 1 



5 5 4 2 



6 6 4 2 



7 7 4 2 



8 8 4 2 



Table D.2 defines the subcarrier positions corresponding to the pilot symbols in the demodulation 
reference signal pattern for 20/40/80MHz bandwidth. 



Table C. 2 Sounding pilot location 



Carrier 
aggregation 



mode 



Bandwidt
h 



Sounding pilot subcarrier set 



1 



20 MHz 



𝑆𝐶𝑠𝑝
𝑡𝑖 = [±(1 + 𝑡𝑖 − (𝑙 − 1) ⋅ 𝑆𝑃𝐼), ±(1 + 𝑆𝑃𝐼 + 𝑡𝑖 − (𝑙 − 1) ⋅ 𝑆𝑃𝐼),⋯ ,±(𝑁 + 𝑡𝑖 − (𝑙 − 1)



⋅ 𝑆𝑃𝐼)]
𝑙=⌊



𝑡𝑖
𝑆𝑃𝐼



⌋+1
 



𝑁 = 1 + 𝑆𝑃𝐼 ⋅ ⌊(𝑁𝑠𝑟 − 𝑡𝑖 + (𝑙 − 1) ⋅ 𝑆𝑃𝐼 − 1)/𝑆𝑃𝐼⌋ 
𝑆𝑃𝐼 = 4 
𝑡𝑖 = 0~7 
𝑁𝑠𝑟 = 115 



40 MHz 



𝑆𝐶𝑠𝑝
𝑡𝑖



= {



128 + [±(1 + 𝑡𝑖 − (𝑙 − 1) ⋅ 𝑆𝑃𝐼)), ±(1 + 𝑆𝑃𝐼 + 𝑡𝑖 − (𝑙 − 1) ⋅ 𝑆𝑃𝐼)),⋯ ,±(𝑁 + 𝑡𝑖 − (𝑙 − 1) ⋅ 𝑆𝑃𝐼))]
𝑙=⌊



𝑡𝑖
𝑆𝑃𝐼



⌋+1



−128 + [±(1 + 𝑡𝑖 − (𝑙 − 1) ⋅ 𝑆𝑃𝐼)), ±(1 + 𝑆𝑃𝐼 + 𝑡𝑖 − (𝑙 − 1) ⋅ 𝑆𝑃𝐼)),⋯ ,±(𝑁 + 𝑡𝑖 − (𝑙 − 1) ⋅ 𝑆𝑃𝐼))]
𝑙=⌊



𝑡𝑖
𝑆𝑃𝐼



⌋+1



 



𝑁 = 1 + 𝑆𝑃𝐼 ⋅ ⌊(𝑁𝑠𝑟 − 𝑡𝑖 + (𝑙 − 1) ⋅ 𝑆𝑃𝐼 − 1)/𝑆𝑃𝐼⌋ 
𝑆𝑃𝐼 = 4 
𝑡𝑖 = 0~7 
𝑁𝑠𝑟 = 115 



 80 MHz 



𝑆𝐶𝑆𝑝
𝑡𝑖



=



{
  
 



  
 
384 + [±(1 + 𝑡𝑖 − (𝑙 − 1) ⋅ 𝑆𝑃𝐼)),±(1 + 𝑆𝑃𝐼 + 𝑡𝑖 − (𝑙 − 1) ⋅ 𝑆𝑃𝐼)),⋯ ,±(𝑁 + 𝑡𝑖 − (𝑙 − 1) ⋅ 𝑆𝑃𝐼))]



𝑙=⌊
𝑡𝑖
𝑆𝑃𝐼



⌋+1



128 + [±(1 + 𝑡𝑖 − (𝑙 − 1) ⋅ 𝑆𝑃𝐼)),±(1 + 𝑆𝑃𝐼 + 𝑡𝑖 − (𝑙 − 1) ⋅ 𝑆𝑃𝐼)),⋯ ,±(𝑁 + 𝑡𝑖 − (𝑙 − 1) ⋅ 𝑆𝑃𝐼))]
𝑙=⌊



𝑡𝑖
𝑆𝑃𝐼



⌋+1



−128 + [±(1 + 𝑡𝑖 − (𝑙 − 1) ⋅ 𝑆𝑃𝐼)),±(1 + 𝑆𝑃𝐼 + 𝑡𝑖 − (𝑙 − 1) ⋅ 𝑆𝑃𝐼)),⋯ ,±(𝑁 + 𝑡𝑖 − (𝑙 − 1) ⋅ 𝑆𝑃𝐼))]
𝑙=⌊



𝑡𝑖
𝑆𝑃𝐼



⌋+1



−384 + [±(1 + 𝑡𝑖 − (𝑙 − 1) ⋅ 𝑆𝑃𝐼)),±(1 + 𝑆𝑃𝐼 + 𝑡𝑖 − (𝑙 − 1) ⋅ 𝑆𝑃𝐼)),⋯ ,±(𝑁 + 𝑡𝑖 − (𝑙 − 1) ⋅ 𝑆𝑃𝐼))]
𝑙=⌊



𝑡𝑖
𝑆𝑃𝐼



⌋+1



 



𝑁 = 1 + 𝑆𝑃𝐼 ⋅ ⌊(𝑁𝑠𝑟 − 𝑡𝑖 + (𝑙 − 1) ⋅ 𝑆𝑃𝐼 − 1)/𝑆𝑃𝐼⌋ 
𝑆𝑃𝐼 = 4 
𝑡𝑖 = 0~7 
𝑁𝑠𝑟 = 115 



Note: 𝑆𝐶𝑠𝑝
𝑠𝑡𝑖  is sounding pilot subcarrier index set for the 𝑡𝑖  sounding pilot port ; l = 1,..., SP num 



indicates the OFDM symbol occupied by the sounding pilot  
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Annex D 
(Normative)  



PN Sequence 



Table D. 1 Values of PN Sequences 



PN127 { 1, 1, 1, 1, 1, 1, -1, -1, -1, -1, -1, -1, -1, 1, -1, 1,   



-1, 1, -1, 1, 1, -1, -1, 1, 1, -1, -1, -1, 1, -1, -1, -1,   



1, -1, 1, 1, -1, 1, -1, -1, 1, 1, 1, -1, -1, 1, -1, -1,   



-1, -1, 1, -1, -1, 1, -1, 1, -1, -1, 1, -1, -1, 1, 1, -1,   



1, 1, -1, 1, 1, 1, -1, -1, -1, 1, 1, 1, 1, -1, 1, -1,   



-1, -1, -1, -1, 1, 1, -1, 1, -1, 1, -1, -1, -1, 1, 1, -1,   



-1, 1, -1, 1, 1, 1, -1, 1, 1, -1, -1, -1, -1, 1, 1, 1,   



-1, 1, -1, 1, 1, 1, 1, -1, -1, 1, 1, 1, 1, 1, -1}; 



PN255 { 1,  1,  1,  1, 1, 1, 1, -1, 1, -1, -1, 1, 1, 1, -1, -1,   



-1,  -1,  1,  -1, 1, 1, 1, 1, -1, -1, -1, -1, -1, -1, -1, -1,   



1,  1,  -1,  1, 1, 1, 1, -1, 1, -1, 1, 1, -1, -1, -1, -1,   



-1,  1,  -1,  1, -1, 1, -1, 1, -1, -1, -1, 1, 1, 1, 1, 1,   



-1,  -1,  1,  1, 1, -1, 1, -1, 1, -1, -1, 1, 1, -1, -1, 1,   



1,  -1,  1,  -1, -1, -1, -1, -1, -1, 1, -1, -1, -1, -1, 1, 1,   



-1,  -1,  1,  -1, -1, -1, 1, -1, -1, -1, 1, 1, -1, 1, -1, 1,   



-1,  1,  1,  -1, 1, -1, 1, 1, 1, -1, 1, 1, -1, 1, -1, -1,   



1,  -1,  1,  1, 1, -1, -1, 1, 1, -1, -1, -1, 1, 1, -1, -1,   



-1,  -1,  1,  1, 1, -1, -1, 1, -1, -1, 1, 1, 1, 1, -1, 1,   



1,  1,  -1,  1, -1, -1, -1, 1, -1, 1, -1, -1, -1, -1, 1, -1,   



-1,  1,  -1,  -1, -1, -1, -1, 1, 1, 1, 1, -1, -1, 1, -1, 1,   



1,  -1,  -1,  1, -1, 1, -1, -1, 1, -1, -1, 1, -1, 1, -1, 1,   



1,  1,  1,  1, -1, 1, 1, -1, -1, -1, 1, -1, -1, 1, 1, -1,   



1,  1,  -1,  1, 1, -1, -1, 1, 1, 1, 1, 1, 1, -1, -1, -1,   



1,  -1,  1,  1, -1, 1, 1, 1, -1, -1, -1, 1, 1, 1, -1} 



PN511 { 1, 1, 1, 1, 1, 1, 1, 1, -1, 1, 1, 1, -1, 1, 1, 1,   



-1, -1, 1, 1, -1, 1, 1, 1, -1, -1, -1, 1, -1, 1, -1, 1,   



-1, -1, 1, -1, -1, 1, 1, 1, -1, -1, -1, 1, 1, 1, -1, 1,   



1, -1, 1, -1, 1, -1, 1, 1, 1, -1, -1, 1, -1, -1, 1, 1,   



-1, -1, -1, -1, -1, 1, 1, -1, -1, -1, -1, 1, 1, 1, -1, 1,   



-1, -1, 1, -1, -1, -1, 1, 1, -1, 1, -1, 1, 1, -1, 1, 1,   



1, 1, 1, -1, 1, 1, -1, -1, 1, 1, -1, -1, -1, 1, -1, 1,   



1, 1, -1, -1, -1, -1, -1, 1, -1, -1, -1, -1, 1, 1, 1, 1,   



1, -1, -1, -1, -1, -1, -1, -1, -1, -1, 1, 1, 1, 1, -1, -1,   



-1, -1, 1, -1, -1, -1, 1, 1, 1, 1, -1, 1, -1, -1, 1, 1,   
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-1, -1, 1, -1, -1, 1, -1, -1, -1, -1, 1, -1, 1, 1, 1, 1,   



-1, -1, -1, 1, 1, -1, -1, 1, 1, 1, 1, -1, 1, 1, -1, 1,   



1, 1, -1, 1, -1, 1, -1, -1, -1, 1, -1, 1, -1, -1, -1, -1,   



1, 1, -1, 1, 1, -1, 1, -1, -1, -1, 1, 1, -1, -1, -1, 1,   



1, 1, 1, 1, 1, -1, -1, -1, 1, -1, -1, -1, 1, -1, 1, 1,   



-1, -1, -1, -1, 1, -1, 1, -1, 1, 1, -1, 1, -1, 1, 1, 1,   



1, 1, 1, -1, 1, -1, 1, -1, 1, -1, 1, -1, -1, -1, -1, -1,   



1, -1, 1, -1, -1, 1, -1, 1, 1, 1, 1, 1, -1, -1, 1, -1,   



-1, -1, 1, -1, -1, 1, -1, -1, 1, -1, 1, -1, -1, 1, 1, 1,   



1, 1, -1, 1, -1, -1, -1, 1, -1, -1, -1, -1, -1, 1, 1, 1,   



-1, -1, -1, -1, 1, 1, -1, -1, 1, -1, 1, 1, -1, -1, 1, -1,   



1, -1, -1, -1, 1, 1, 1, -1, -1, 1, -1, 1, 1, 1, -1, 1,   



-1, -1, -1, -1, -1, -1, -1, 1, -1, 1, 1, -1, 1, -1, -1, 1,   



1, 1, -1, 1, -1, 1, 1, -1, -1, 1, 1, 1, -1, -1, 1, 1,   



1, 1, 1, 1, 1, -1, -1, 1, 1, -1, -1, 1, 1, -1, 1, -1,   



1, -1, -1, 1, 1, -1, 1, 1, -1, -1, -1, -1, -1, -1, 1, -1,   



-1, 1, -1, 1, 1, -1, 1, 1, -1, 1, 1, -1, -1, 1, -1, -1,   



-1, -1, -1, -1, 1, 1, -1, 1, -1, -1, 1, -1, 1, -1, 1, 1,   



1, 1, -1, 1, -1, 1, 1, 1, -1, 1, 1, -1, -1, -1, 1, -1,   



-1, 1, 1, -1, 1, -1, -1, -1, -1, 1, -1, -1, 1, 1, 1, 1,   



-1, -1, 1, -1, 1, -1, 1, -1, 1, 1, -1, -1, -1, 1, 1, -1,   



1, 1, 1, 1, -1, -1, 1, 1, 1, -1, 1, 1, 1, 1, -1} 



PN1023 { 1, 1, 1, 1, 1, 1, 1, 1, 1, -1, 1, 1, -1, 1, 1, -1,   



1, 1, -1, -1, 1, -1, 1, 1, -1, -1, 1, -1, 1, -1, -1, -1,   



-1, -1, 1, 1, -1, -1, 1, 1, 1, -1, -1, -1, -1, -1, 1, 1,   



-1, 1, 1, 1, -1, -1, -1, 1, -1, -1, -1, -1, -1, -1, 1, 1,   



1, 1, -1, -1, -1, 1, 1, 1, 1, 1, 1, 1, -1, -1, -1, -1,   



-1, -1, -1, -1, -1, -1, 1, 1, 1, -1, -1, -1, 1, 1, 1, -1,   



1, 1, -1, -1, -1, 1, -1, -1, 1, 1, -1, 1, -1, 1, -1, -1,   



-1, 1, -1, -1, -1, -1, 1, -1, 1, -1, 1, 1, 1, -1, -1, -1,   



-1, 1, -1, 1, 1, -1, 1, -1, 1, -1, 1, 1, 1, 1, 1, -1,   



1, -1, -1, -1, -1, -1, -1, -1, -1, 1, -1, 1, -1, 1, -1, 1,   



-1, 1, -1, -1, -1, -1, 1, -1, 1, 1, 1, 1, -1, -1, -1, 1,   



-1, 1, 1, -1, 1, 1, 1, -1, -1, 1, 1, -1, 1, -1, -1, 1,   



-1, 1, -1, -1, 1, 1, -1, -1, -1, -1, 1, -1, 1, -1, -1, 1,   



1, 1, -1, -1, 1, 1, -1, -1, -1, -1, -1, -1, 1, 1, -1, 1,   



-1, 1, -1, 1, -1, 1, 1, -1, -1, 1, 1, -1, -1, 1, 1, -1,   



1, -1, 1, 1, -1, -1, -1, -1, -1, 1, -1, 1, 1, -1, -1, -1,   



1, 1, 1, 1, -1, 1, 1, 1, -1, -1, 1, -1, -1, 1, 1, -1,   



1, 1, 1, -1, 1, -1, 1, 1, -1, -1, 1, -1, -1, -1, -1, 1,   



-1, -1, -1, 1, -1, 1, -1, 1, -1, -1, -1, 1, 1, -1, -1, 1,   
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1, -1, -1, -1, 1, -1, -1, -1, 1, -1, -1, -1, 1, 1, -1, -1,   



-1, 1, -1, 1, -1, 1, 1, -1, -1, -1, 1, -1, 1, 1, 1, 1,   



1, -1, -1, -1, -1, 1, -1, -1, 1, -1, -1, -1, 1, 1, 1, 1,   



-1, -1, 1, 1, 1, -1, 1, 1, -1, 1, -1, 1, 1, -1, 1, -1,   



-1, 1, 1, -1, -1, 1, -1, 1, 1, 1, -1, 1, 1, 1, -1, 1,   



-1, -1, 1, -1, 1, 1, -1, 1, -1, -1, -1, 1, -1, 1, 1, -1,   



-1, 1, 1, 1, -1, 1, -1, -1, 1, 1, 1, 1, 1, 1, -1, 1,   



-1, 1, 1, -1, 1, 1, -1, 1, -1, -1, -1, -1, -1, 1, -1, -1,   



-1, -1, 1, 1, 1, -1, -1, 1, 1, 1, -1, -1, 1, -1, -1, -1,   



1, -1, -1, 1, 1, 1, 1, -1, -1, -1, -1, 1, 1, -1, 1, 1,   



-1, -1, -1, 1, 1, -1, 1, -1, -1, 1, 1, 1, -1, 1, 1, 1,   



1, -1, -1, 1, -1, -1, -1, -1, -1, -1, -1, 1, 1, -1, -1, -1,   



1, 1, 1, -1, -1, 1, -1, 1, -1, 1, 1, -1, 1, -1, 1, 1,   



1, 1, -1, 1, 1, 1, 1, -1, 1, 1, -1, 1, -1, -1, 1, -1,   



-1, -1, -1, -1, 1, -1, 1, -1, -1, -1, 1, 1, 1, -1, 1, -1,   



-1, -1, 1, 1, -1, 1, 1, 1, 1, -1, -1, -1, -1, -1, 1, -1,   



-1, 1, -1, 1, -1, 1, -1, 1, 1, 1, -1, 1, -1, -1, -1, -1,   



1, -1, -1, 1, 1, -1, -1, -1, 1, 1, -1, -1, -1, -1, -1, 1,   



1, 1, 1, 1, -1, -1, -1, 1, 1, -1, 1, 1, -1, 1, -1, 1,   



-1, -1, 1, 1, -1, 1, -1, -1, -1, -1, 1, 1, -1, 1, -1, -1,   



-1, 1, 1, 1, 1, 1, -1, 1, -1, 1, -1, -1, 1, -1, -1, 1,   



1, -1, -1, 1, 1, 1, 1, -1, -1, 1, -1, 1, -1, -1, 1, -1,   



-1, -1, 1, -1, 1, 1, 1, -1, 1, -1, 1, -1, -1, -1, -1, -1,   



-1, 1, -1, 1, 1, 1, -1, -1, -1, 1, 1, -1, -1, 1, -1, -1,   



-1, 1, 1, -1, 1, -1, 1, 1, 1, -1, -1, 1, -1, 1, 1, 1,   



1, 1, 1, -1, -1, 1, 1, -1, 1, 1, -1, 1, 1, 1, -1, 1,   



1, 1, 1, 1, -1, 1, 1, -1, -1, 1, -1, -1, 1, -1, 1, 1,   



-1, -1, -1, -1, 1, 1, -1, -1, 1, -1, 1, -1, 1, -1, -1, 1,   



1, 1, 1, -1, 1, -1, -1, -1, 1, -1, -1, 1, -1, 1, 1, 1,   



-1, -1, 1, 1, 1, 1, -1, 1, 1, -1, -1, -1, -1, -1, -1, -1,   



1, -1, -1, -1, 1, 1, 1, -1, -1, -1, -1, 1, 1, 1, 1, 1,   



1, -1, -1, -1, 1, -1, -1, 1, -1, -1, 1, 1, 1, -1, 1, -1,   



1, 1, 1, -1, 1, 1, -1, -1, 1, 1, -1, 1, 1, 1, 1, 1,   



-1, -1, 1, -1, 1, 1, -1, 1, 1, -1, -1, -1, -1, 1, -1, -1,   



-1, -1, -1, 1, 1, 1, -1, 1, -1, 1, -1, 1, -1, -1, 1, -1,   



1, 1, 1, 1, -1, 1, -1, 1, 1, 1, 1, 1, 1, 1, -1, 1,   



-1, -1, 1, -1, -1, 1, -1, -1, -1, -1, 1, 1, -1, -1, -1, -1,   



1, 1, 1, -1, 1, 1, 1, -1, -1, -1, -1, -1, -1, 1, -1, -1,   



1, 1, 1, -1, -1, -1, 1, -1, 1, -1, -1, 1, -1, 1, -1, 1,   



1, 1, 1, -1, -1, 1, 1, -1, -1, 1, -1, -1, 1, 1, 1, 1,   
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1, -1, -1, 1, 1, 1, 1, 1, 1, 1, 1, -1, -1, 1, -1, -1,   



1, -1, -1, 1, -1, 1, -1, -1, -1, 1, -1, 1, -1, -1, -1, -1,   



1, 1, 1, 1, -1, 1, -1, 1, -1, 1, 1, -1, 1, 1, 1, 1,   



-1, 1, -1, -1, 1, 1, -1, 1, 1, -1, -1, 1, 1, 1, 1, 1,   



-1, 1, 1, 1, -1, 1, 1, -1, 1, 1, 1, 1, 1, 1, -1} 



PN-CP1 { 1, 1, 1, 1, 1, -1, -1, 1, 1, -1, -1, 1, 1, -1, 1, -1,   



1, -1, -1, 1, 1, -1, 1, 1, -1, -1, -1, -1, -1, -1, 1, -1,   



-1, 1, -1, 1, 1, -1, 1, 1, -1, 1, 1, -1, -1, 1, -1, -1,   



-1, -1, -1, -1, 1, 1, -1, 1, -1, -1, 1, -1, 1, -1, 1, 1,   



1, 1, -1, 1, -1, 1, 1, 1, -1, 1, 1, -1, -1, -1, 1, -1,   



-1, 1, 1, -1, 1, -1, -1, -1, -1, 1, -1, -1, 1, 1, 1, 1,   



-1, -1, 1, -1, 1, -1, 1, -1, 1, 1, -1, -1, -1, 1, 1, -1,   



1, 1, 1, 1, -1, -1, 1, 1, 1, -1, 1, 1, 1, 1, -1} 



PN-CP2 { 1, 1, 1, 1, 1, 1, 1, 1, -1, 1, 1, 1, -1, 1, 1, 1,   



-1, -1, 1, 1, -1, 1, 1, 1, -1, -1, -1, 1, -1, 1, -1, 1,   



-1, -1, 1, -1, -1, 1, 1, 1, -1, -1, -1, 1, 1, 1, -1, 1,   



1, -1, 1, -1, 1, -1, 1, 1, 1, -1, -1, 1, -1, -1, 1, 1,   



-1, -1, -1, -1, -1, 1, 1, -1, -1, -1, -1, 1, 1, 1, -1, 1,   



-1, -1, 1, -1, -1, -1, 1, 1, -1, 1, -1, 1, 1, -1, 1, 1,   



1, 1, 1, -1, 1, 1, -1, -1, 1, 1, -1, -1, -1, 1, -1, 1,   



1, 1, -1, -1, -1, -1, -1, 1, -1, -1, -1, -1, 1, 1, 1} 
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Annex E  
(Normative)  
LDPC Matrix 



The check matrix H of the (N, K) LDPC code is generated by cyclically shifting its row generator, and 
each row generator is represented by the index of columns (range: 0 to N-1) in which the element 1 is 
located.  



Table E. 1 shows the row generator of the (448, 224) LDPC check matrix, where the (i + 1)th row 



corresponds to the (i + 1)th row generator (0 ≤ i < 8).  



Table E. 1  8 row generators for the (448, 224) LDPC check matrix 



62  139  216  302  371  405 



90  167  168  330  357  433 



19  149  195  272  358  427 



47  122  223  224  386  413 



53  87  174  251  328  441 



10  81  202  279  280  395 



38  109  131  230  308  384 



 2  66  159  258  289  336 



 



Table E. 2 shows the row generator of the (448, 256) LDPC check matrix, where the (i + 1)th row 



corresponds to the (i + 1)th row generator (0 ≤ i < 6). 



Table E. 2 6 row generators for the (448, 256) LDPC check matrix 



4 46 77 133 181 239 299 391 



33 79 98 166 228 256 331 424 



9 66 110 131 199 261 301 364 



42 106 143 164 302 326 397 421 



6 75 138 197 236 333 359 430 



15 39 99 212 269 366 392 420 



 



Table E. 3 shows the row generator of the (1344, 672) LDPC check matrix, where the (i + 1)th row 



corresponds to the (i + 1)th row generator (0 ≤ i < 12).  



Table E. 3 12 row generators for the (1344, 672) LDPC check matrix 



177  411  505  975  1030  1190 



234  468  562  844  1075  1247 



291  358  619  901  1132  1304 



 82  348  636  728  1085  1289 



139  405  513  786  1142  1187 



  8  462  570  696  1024  1244 



 10  295  523  751  903  1178 



 65  195  586  800  972  1256 



122  224  643  684  857  1313 



 68  179  339  741  976  1069 



125  236  396  806  867  1126 



 26  293  453  697  896  1028 



 



Table E. 4shows the row generator of the (1344, 840) LDPC check matrix, where the (i + 1)th row 



corresponds to the (i + 1)th row generator (0 ≤ i < 9).  



Table E. 4 9 row generators for the (1344, 840) LDPC check matrix 



188  234  410  639  752  848  1071  1197  1251 



119  301  346  566  696  809  1020  1128  1308 



 20  236  403  462  676  866  902  1144  1311 



 77  284  354  523  733  810  959  1201  1242 











 



 Nufront (Beijing) Technology Group Co., Ltd.    144 



 61  118  394  451  568  853  967  1024  1252 



 13  186  341  508  626  790  897  1076  1299 



 25  172  299  468  565  746  896  1009  1198 



 82  127  240  522  622  694  953  1066  1130 



 8   139  342  520  751  860  908  1123  1247 



 



Table E. 5shows the row generator of the (1344, 1008) LDPC check matrix, where the (i + 1)th row 



corresponds to the (i + 1)th row generator (0 ≤ i < 6).  



Table E. 5 6 row generators for the (1344, 1008) LDPC check matrix 



10 80 245 344 415 475 585 694 795 844 902 957 1081 1146 1196 



67 137 281 401 470 504 642 751 852 901 1014 1078 1138 1253 1312 



25 124 194 338 468 527 561 627 699 808 909 958 1016 1071 1195 



82 181 251 290 395 525 584 618 684 728 865 966 1015 1128 1252 



139 238 300 347 448 582 675 741 785 922 970 1072 1185 1249 1292 



5 168 288 357 404 505 639 732 798 842 1027 1129 1187 1242 1295 



 



Table E. 6shows the row generator of the (1344, 1176) LDPC check matrix, where the (i + 1)th row 



corresponds to the (i + 1)th row generator (0 ≤ i < 4).  



Table E. 6 4 row generators for the (1344, 1176) LDPC check matrix 



18 62 86 137 196 245 278 324 365 379 434 501 523 573 601 638 678



 747 763 808 



856 913 948 969 1029 1059 1130 1174 1213 1275 1325 



19 58 105 129 180 239 288 321 367 408 422 477 544 566 616 644 681



 721 790 806 



851 899 956 991 1012 1072 1102 1173 1217 1242 1337 



20 48 101 148 172 223 282 331 364 410 451 465 520 587 609 659 687



 724 764 833 



849 894 942 999 1034 1055 1115 1145 1216 1254 1285 



44 87 130 173 216 259 302 345 388 431 474 517 560 603 646 689 732



 775 818 861 



904 947 990 1033 1076 1119 1162 1205 1218 1261 1343 



 



Table E. 7shows the row generator of the (2688, 1344) LDPC check matrix, where the (i + 1)th row 



corresponds to the (i + 1)th row generator (0 ≤ i < 12).  



Table E. 7 12 row generators for the (2688, 1344) LDPC check matrix 



314   766   992  1670  2009  2348 



418   802  1094  1757  2020  2381 



531   915  1207  1870  2133  2494 



644  1028  1320  1983  2246  2607 



 56   757  1141  1433  2096  2359 



169   870  1254  1546  2209  2472 



 18   282   983  1659  2322  2585 



131   395  1096  1413  1772  2435 



244   508  1209  1526  1885  2548 



357   621  1322  1639  1998  2661 



 64   470   734  1435  1752  2111 



177   583   847  1548  1865  2224 



 



Table E. 8shows the row generator of the (2688, 1680) LDPC check matrix, where the (i + 1)th row 



corresponds to the (i + 1)th row generator (0 ≤ i < 9).  



Table E. 8 9 row generators for the (2688, 1680) LDPC check matrix 



 88   427   992  1105  1670  2009  2235  2461 



152   506  1094  1223  1388  1757  2255  2554 



265   619  1207  1336  1501  1870  2368  2667 
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 67   378   732  1320  1614  1983  2023  2481 



180   491   757   845  1433  1727  2136  2594 



293   604   870   958  1546  1840  2016  2249 



137   654   717  1222  1659  1788  2129  2585 



250   395   830  1335  1413  1901  2242  2435 



 81   508   943  1018  1526  2014  2018  2548 



 



Table E. 9 shows the row generator of the (2688, 2016) LDPC check matrix, where the (i + 1)th row 



corresponds to the (i + 1)th row generator (0 ≤ i < 6).  



Table E. 9 6 row generators for the (2688, 2016) LDPC check matrix 



201 314 540 653 766 879 992 1105 1444 1670 1896 2009 2122 2348 2574 



89 227 418 657 802 929 1094 1223 1388 1527 1757 1991 2137 2381 2599 



110 202 340 531 915 1042 1207 1336 1452 1501 1640 1870 2104 2250 2494 



223 315 453 644 732 1028 1155 1320 1565 1614 1753 1983 2217 2363 2607 



56 224 428 566 757 845 1141 1268 1433 1678 1727 1866 2096 2330 2476 



24 169 337 541 679 870 958 1254 1546 1791 1840 1979 2209 2443 2589 



 



Table E. 10 shows the row generator of the (2688, 2352) LDPC check matrix, where the (i + 1)th row 



corresponds to the (i + 1)th row generator (0 ≤ i < 4).  



Table E. 10 4 row generators for the (2688, 2352) LDPC check matrix 



104 204 277 341 443 515 628 672 795 847 925 1035 1111 1214 1294 1368 1430



 1526 1602  



1697 1786 1852 1945 2046 2137 2212 2300 2383 2439 2536 2645 



41 168 253 362 447 532 617 702 787 872 957 1042 1127 1212 1297 1382 1467



 1552 1598  



1683 1768 1853 1938 2023 2108 2193 2278 2363 2448 2533 2618 



15 105 289 363 426 528 600 713 757 880 932 1010 1120 1196 1299 1379 1453



 1515 1622  



1687 1782 1871 1937 2030 2131 2222 2297 2385 2468 2524 2621 



4 106 184 371 448 511 613 685 756 842 965 1017 1095 1205 1281 1384 1464



 1538 1634  



1707 1772 1867 1956 2022 2115 2216 2307 2382 2470 2553 2609 



 



Table E. 11 shows the row generator of the (5376, 2688) LDPC check matrix, where the (i + 1)th row 



corresponds to the (i + 1)th row generator (0 ≤ i < 24).  



Table E. 11 24 row generators for the (5376, 2688) LDPC check matrix 



 147   281  1109  1381  2089  4658  5232 



  98   607   826  1108  1813  2024  4398 



1220  1333  1605  2406  3031  4661  4998 



 248   526  1445  1906  2238  2248  4854 



 880   968  1092  1162  1557  2149  3494 



 322   718   827   992  1080  1274  4317 



 434  1316  1668  3048  3214  3305  5109 



 377   765   815  1216  2354  3417  3743 



1163  1610  1686  1892  2005  2466  3591 



 658  1039  1166  1275  2117  2808  3967 



1101  1151  2501  2682  2985  4079  4571 



 796  1019  1213  2341  2613  3083  3865 



 502   706   908  1325  1776  2802  4795 



  37   818   991  1020  1487  2933  5213 



 614   930  1300  1835  3682  4764  5325 



 357   558   946  1244  2394  2676  4953 



 751   886  1356  1773  1823  2059  2949 



 100   764  1468  2336  3321  4168  4537 



 213   876   975  1378  1580  2730  3433 



 688   835   988  1692  2159  2560  2772 
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 783  1199  1334  2760  3750  4081  4472 



 912  1311  1504  1916  2884  3952  4193 



 699  1024  1171  1999  2196  5097  5345 



 184   771  3221  3474  3816  4315  4840 



 



Table E. 12 shows the row generator of the (5376, 3360) LDPC check matrix, where the (i + 1)th row 



corresponds to the (i + 1)th row generator (0 ≤ i < 18).  



Table E. 12 18 row generators for the (5376, 3360) LDPC check matrix 



 60   773   981  1045  1226  1234  1576  1846  2969  4437 



 22   566   772  1093  2048  2289  3329  3984  4318  5344 



315   408   532   678  1977  2070  2505  2792  3494  4742 



432   520   714   790   996  1570  2936  3214  3305  3367 



826  1221  1429  1493  1674  2024  2201  3016  4654  5222 



382   491   744   868   938  1786  2313  4137  4189  4997 



119   367   603  1126  1445  1470  2238  2747  3395  4301 



479   715   968  1444  1557  1765  2350  3234  3830  4413 



347  1080  1204  1877  1941  2130  2472  2832  4653  4816 



459   653   703   830   939  1462  3662  3703  4585  4765 



302   571   942  1216  1428  1918  3056  3195  3815  5040 



431   628   877  1054  1163  1328  1686  2458  3307  5290 



210   370   543   572   740  1039  1166  2389  2570  4973 



153   386   655   907  1101  2682  2821  3998  4907  5085 



498   796  1213  1263  1664  2613  3531  3625  4110  4527 



438   879   908  1076  1864  2453  2661  3045  4222  5257 



550   608   818  1020  1188  1243  2773  2837  3368  3526 



  8   527   662   720   834   930  1103  3130  3616  3745 



 



Table E. 13 shows the row generator of the (5376, 4032) LDPC check matrix, where the (i + 1)th row 



corresponds to the (i + 1)th row generator (0 ≤ i < 12).  



Table E. 13 12 row generators for the (5376, 4032) LDPC check matrix 



0 181 342 661 686 869 933 1963 2919 3105 3183 3270 4398 4518 5076 



64 308 378 660 773 1365 2177 2450 2568 2723 2878 3532 4144 4770 5344 



296 490 566 772 885 1477 1678 1688 2562 2680 3721 4077 4256 4661 5240 



320 532 602 884 997 1022 1450 1458 1589 1790 1800 3193 4011 4205 4854 



267 432 644 714 790 1134 1317 1381 1562 1902 2089 3367 3868 4506 4966 



379 544 632 826 902 1246 1674 1682 2014 2294 2729 2898 3016 3048 4846 



382 491 656 744 868 1014 2126 2136 2313 2406 2496 3438 3942 4361 4730 



60 157 317 367 494 768 856 1050 1126 1906 2608 3641 3889 4054 4990 



235 429 479 606 715 1162 1238 1444 1557 1582 1765 3352 3507 3662 5102 



292 347 541 827 1080 1204 1274 2742 2832 3464 3774 3927 4316 5214 5294 



236 459 703 939 1806 2053 2234 2242 3083 3185 3576 3608 3886 4428 4697 



319 348 516 571 765 815 1893 1918 2354 2686 2966 3297 3720 4089 4225 



 



Table E. 14 shows the row generator of the (5376, 4704) LDPC check matrix, where the (i + 1)th row 



corresponds to the (i + 1)th row generator (0 ≤ i < 6).  



Table E. 14 6 row generators for the (5376, 4704) LDPC check matrix 



70 154 230 436 549 574 757 821 1002 1010 1141 1342 1352 1953 2226 2499 2745



 2807 2993  



3071 3308 3563 3869 4398 4549 4770 4891 5232 



196 266 342 548 661 686 869 1122 1253 1464 1824 1963 2065 2338 2456 2611 2766



 2857 3105 



3183 3675 3801 3981 4096 4430 4510 4661 5003 



184 308 378 454 660 773 798 981 1226 1753 1846 1936 2075 2450 2568 2878 2969



 3217 3295 



3382 3532 3609 3787 4093 4208 4542 4773 4882 



208 296 420 490 566 772 885 910 1093 1157 1346 1477 1678 1688 1865 2187 2680
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 2990 3081  



3494 4077 4320 4368 4654 4734 4994 5110 5352 



30 155 320 408 532 602 678 884 1022 1269 1450 1458 1589 2160 2299 2792 3193



 3255 3441  



3756 3833 4011 4189 4317 4618 4885 4966 5106 



62 158 267 432 520 644 714 790 996 1109 1317 1381 1570 1701 2089 2272 2411



 2513 2617  



3367 3631 3868 3945 4249 4301 5078 5218 5334 
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Annex F 
 (Normative)  



Quantization of Channel Information Matrix 



 



The process of performing quantization coding on the channel state information matrix 𝐻𝑒𝑓𝑓(𝑘) is defined 



as follows. 



Calculate the maximum value of the real and imaginary parts of each element in the subcarrier matrix 
𝑚𝐻(𝑘)： 



𝑚𝐻(𝑘) = 𝑚𝑎𝑥 {𝑚𝑎𝑥 {|𝑅𝑒(𝐻𝑒𝑓𝑓(𝑚,𝑙)(𝑘))|𝑚=1,𝑙=1
𝑚=𝑁𝑟,𝑙=𝑁𝑐



} ,𝑚𝑎𝑥 {|𝐼𝑚(𝐻𝑒𝑓𝑓(𝑚,𝑙)(𝑘))|𝑚=1,𝑙=1
𝑚=𝑁𝑟,𝑙=𝑁𝑐



}}       (Equation 36) 



Where 𝐻𝑒𝑓𝑓(𝑚,𝑙)(𝑘)  represents the element in 𝐻𝑒𝑓𝑓(𝑘) , 𝑅𝑒(𝐻𝑒𝑓𝑓(𝑚,𝑙)(𝑘))  represents the real part of 



𝐻𝑒𝑓𝑓(𝑚,𝑙)(𝑘) , 𝐼𝑚(𝐻𝑒𝑓𝑓(𝑚,𝑙)(𝑘))  represents the imaginary part of𝐻𝑒𝑓𝑓(𝑚,𝑙)(𝑘) ; m is the row position 



parameter, 𝑙 is the column position parameter, 𝑁𝑟 is the maximum number of rows, 𝑁𝑐 is the maximum 
number of columns, 1 ≤ 𝑚 ≤ 𝑁𝑟，1 ≤ 𝑙 ≤ 𝑁𝑐，𝑁𝑟 ≥ 1，𝑁𝑐 ≥ 1，𝑚、𝑙、𝑁𝑟 and 𝑁𝑐 are positive integer; 



𝑘  is a positional parameter of a subcarrier, and can be a numbered form; 



Calculate the scaling according to and perform 𝑀bits quantization to get MH(k), and calculate the linear 



part 𝑀𝐻
𝑙𝑖𝑛(𝑘): 



𝑀𝐻(𝑘) = 𝑚𝑖𝑛{2
𝑀 − 1, ⌈𝑚𝑎𝑥( 0, 𝑎 ⋅ 𝑙𝑜𝑔𝑏(𝑚𝐻(𝑘)))⌉}                      (Equation 37) 



Where 𝑀 represents the number of quantization bits, and the value is M=3 



⌈𝑥⌉ represents the largest integer not less than x. 



𝑎 represents the optimization factor, with a value 𝑎 = 4.11, 𝑏 = 2. 



Linear part 𝑀𝐻
𝑙𝑖𝑛(𝑘) calculation formula: 



𝑀𝐻
𝑙𝑖𝑛(𝑘) = 𝑏𝑀𝐻(𝑘)/𝑎 



Nb-bit quantization is performed for each element of the real and imaginary parts of the 𝐻𝑒𝑓𝑓
𝑞
(𝑘) matrix: 



𝐻𝑒𝑓𝑓(𝑚,𝑙)
𝑞(𝑅)



= 𝑠𝑖𝑔𝑛(𝐻𝑒𝑓𝑓(𝑚,𝑙)(𝑘)) ∗ 𝑚𝑖𝑛( 2
𝑁𝑏−1 − 1, 𝑟𝑜𝑢𝑛𝑑(



|𝑅𝑒(𝐻𝑒𝑓𝑓(𝑚,𝑙)(𝑘))|



𝑀𝐻
𝑙𝑖𝑛(𝑘)



(2𝑁𝑏−1 − 1))) 



𝐻𝑒𝑓𝑓(𝑚,𝑙)
𝑞(𝐼)



= 𝑠𝑖𝑔𝑛(𝐻𝑒𝑓𝑓(𝑚,𝑙)(𝑘)) ∗ 𝑚𝑖𝑛( 2
𝑁𝑏−1 − 1, 𝑟𝑜𝑢𝑛𝑑 (



|𝐼𝑚(𝐻𝑒𝑓𝑓(𝑚,𝑙)(𝑘))|



𝑀𝐻
𝑙𝑖𝑛(𝑘)



(2𝑁𝑏−1 − 1)))         (Equation 38) 



Where 𝐻𝑒𝑓𝑓(𝑚,𝑙)(𝑘) represents the element in 𝐻𝑒𝑓𝑓(𝑘), 𝐻𝑒𝑓𝑓(𝑚,𝑙)
𝑞(𝑅)



represents the real part after 𝐻𝑒𝑓𝑓(𝑚,𝑙)(𝑘) 



quantization, 𝐻𝑒𝑓𝑓(𝑚,𝑙)
𝑞(𝐼)



(𝑘)  represents the imagery part after 𝐻𝑒𝑓𝑓(𝑚,𝑙)(𝑘)  quantization, 𝑚  is the row 



position parameter, 𝑙  is the column position parameter, 𝑠𝑖𝑔𝑛(𝐻𝑒𝑓𝑓(𝑚,𝑙)(𝑘))  means taking the symbol 



polarity of 𝐻𝑒𝑓𝑓(𝑚,𝑙)(𝑘), “｜｜” means taking absolute value.  



The receiver restores the CSI matrix as follows: 



The amplitude value 𝑟(𝑘) is restored according to 𝑀𝐻(𝑘): 



Specifically, reverse processing is performed according to the method of 𝑀𝐻(𝑘) quantization to recover 
𝑟(𝑘). 



                                  𝑟(𝑘) = 𝑏𝑀𝐻(𝑘)/𝑎                                          (Equation 39) 



Then, the real part 𝐻𝑒𝑓𝑓(𝑚,𝑙)
𝑞(𝑅)



 and the imaginary part 𝐻𝑒𝑓𝑓(𝑚,𝑙)
𝑞(𝐼)



(𝑘) of each element 𝐻𝑒𝑓𝑓(𝑚,𝑙)
𝑞



(𝑘) in 𝐻𝑒𝑓𝑓
𝑞
(𝑘) 



are scaled according to 𝑟(𝑘) to recover the channel matrix �̃�𝑒𝑓𝑓(𝑘) of the subcarrier. 



Specifically, the following formula can be used: 
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𝑅𝑒 (�̃�𝑒𝑓𝑓(𝑚,𝑙)(𝑘)) =
𝑟(𝑘)𝐻𝑒𝑓𝑓(𝑚,𝑙)



𝑞(𝑅) (𝑘)



(2𝑁𝑏−1 − 1)
  



                                                                      𝐼𝑚(�̃�𝑒𝑓𝑓(𝑚,𝑙)(𝑘)) =
𝑟(𝑘)𝐻𝑒𝑓𝑓(𝑚,𝑙)



𝑞(𝐼)
(𝑘)



(2𝑁𝑏−1−1)
                (Equation 40) 
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The changes in IMT-2020/12 



 Document Changes 



1.  5.2.3.2.2.1 and the 



following sections 



In Characteristics 



template 



IMT bands  



-> 



 sub-6GHz bands 



2.  5.2.3.2.2.1 and the 



following sections 



template in 



Characteristics 



higher frequency bands  



-> 



mmWave bands 



3.  5.2.3.2.2.1 in 



Characteristics 



template 



The minimum frequency resource packet of the OFDMA 



is 16 sub-carriers (Resource Unit, RU).  The sub-carrier 



spacing of EUHT IMT bands is 78.125KHz. If bandwidth 



is 10MHz/5MHz, the sub-carrier spacing will be 



39.0625KHz/19.53KHz.  



-> 



The minimum allocable frequency resource of the 



OFDMA is 16 sub-carriers (Resource Unit, RU).  The 



sub-carrier spacing of EUHT in Sub-6GHz bands is 



78.125KHz/ 39.0625KHz/19.53KHz. 



4.  5.2.3.2.2.1  



in Characteristics 



template 



The sub-carrier spacing of EUHT IMT bands is 



78.125KHz. If bandwidth is 10MHz/5MHz, the sub-carrier 



spacing will be 39.0625KHz/19.53KHz. The sub-carrier 



spacing of EUHT higher frequency bands is 390.625KHz. 



-> 



The sub-carrier spacing of EUHT in Sub-6GHz bands is 



78.125KHz/ 39.0625KHz/19.53KHz. The sub-carrier 



spacing of EUHT in mmWave bands is 390.625KHz 



5.  5.2.3.2.2.2.1 



in Characteristics 



template 



Symbol rate: 69.4K symbols/s (The OFDM symbol rate is 



14.4us when the 1/8-ratio CP is applied)  



-> 



Symbol rate: 69.4K symbols/s (When the OFDM symbol 



duration is 14.4us and the 1/8-ratio CP is applied)  



6.  5.2.3.2.2.2.1 



in Characteristics 



template 



Symbol rate: 347.2K symbols/s (OFDM sampling rate: 



400MHz, FFT: 1024 points, CP ratio 1/8 



-> 



Symbol rate: 347.2K symbols/s (When the OFDM symbol 



duration is 2.88us and the 1/8-ratio CP is applied) 



7.  5.2.3.2.2.3.1 



in Characteristics 



template 



Convolutional coding with 1/2 code rate is used. 



-> 



Convolutional coding with 1/2 in URLLC mode; LDPC 



with 4/7 code rate is used in other modes. 



8.  5.2.3.2.3 and the 



following sectors in 



Characteristics 



System information channel (SICH) (in mmWave bands) 



- > 











template 
Directional System information channel (D-SICH)  



9.  5.2.3.2.3 and the 



following sections 



in Characteristics 



template 



UL preamble can be used for synchronization  



-> 



DL preamble can be used for synchronization  



10.  5.2.3.2.4.1 



in Characteristics 



template 



valid data subcarriers 



-> 



data subcarriers 



11.  5.2.3.2.4.1 in 



Characteristics 



template 



the number of the bits used by each subcarrier 



modulation symbol (BPSK&SQPSK: 1, QPSK: 2, 



16QAM: 4, 64QAM: 6, 256QAM: 8, 1024QAM: 10) 



-> 



the number of the bits used by each subcarrier 



modulation symbol (BPSK: 1, QPSK: 2, 16QAM: 4, 



64QAM: 6, 256QAM: 8, 1024QAM: 10) 



12.  5.2.3.2.4.2 



in Characteristics 



template 



The number of the transmission symbols of the L1/L2 



System Information and Control signalling (SICH/CCH) is 



up to 2 OFDM symbols for URLLC, and it is up to 7 OFDM 



symbols for other scenarios. 



-> 



L1/L2 System Information and Control signalling 



(SICH/CCH)”, detailed information is in the following table 



13.  5.2.3.2.4.2 



in Characteristics 



template 



Example configurations (2ms frame length)  



-> 



Example configurations (2ms frame length, 20MHz 



bandwidth, 78.125KHz subcarrier spacing, short CP)  



14.  5.2.3.2.4.2 



in Characteristics 



template 



Reference configuration (20ms frame length, 1ms for 



each user) 



-> 



Example configurations (20ms frame length, 100MHz 



bandwidth, short CP)  



15.  5.2.3.2.4.2 



in Characteristics 



template 



Synchronous signals and demodulation reference 



signals in SICH and more SICHs with different antenna 



beam pattern used in beam training. 



-> 



Synchronous signals and demodulation reference 



signals in D-SICH with different antenna beam pattern 



used in beam training. 



16.  5.2.3.2.4.2 



in Characteristics 
UL-preamble  1 OFDM x Nss  ofdm/1ms*(19/20)*Nss 



=0.27%*Nss 











template -> 



DL-preamble  1 OFDM  ofdm/1ms*(19/20)=0.27% 



17.  5.2.3.2.4.2 



in Characteristics 



template 



Headers and FCS in the table is removed 



18.  5.2.3.2.4.5 in 



Characteristics 



template 



(LDPC codes for user data) 



-> 



(LDPC codes can be userd for user data) 



19.  5.2.3.2.7.1 



in Characteristics 



template 



The ratio of the cyclic prefix is 1/8 or 1/4 of DFT length, 



so the time length of CP is correspondingly 0.8us or 



1.6us. 



-> 



The ratio of the cyclic prefix is 1/8 or 1/4 of DFT length, 



so the time length of CP is correspondingly 1.6us or 3.2us 



for 78.125KHz sub-carrier spacing. 



20.  5.2.3.2.7.1 



in Characteristics 



template 



The TCH sub-frame contains the downlink transmission 



period (DL-preamble, DRS, CCH, DL-TCH, DL-TRN), the 



uplink transmission period (UL-preamble, UL-TCH, UL-



TRN) 



-> 



The TCH sub-frame contains the downlink transmission 



period (DL-preamble, DL-DRS, CCH, DL-TCH, DL-TRN), 



the uplink transmission period (UL-DRS, UL-TCH, UL-



TRN) 



21.  5.2.3.2.7.1 



in Characteristics 



template 



Maximum power control rate is 1 kHz for 1ms frame 



-> 



Maximum power control rate is 1 kHz for 1ms TCH sub-



frame 



22.  5.2.3.2.8.2 



in Characteristics 



template 



One component carrier can support a scalable bandwidth 



of 5, 10, 20, 40, 80 or 100MHz 



-> 



One component carrier can support a scalable bandwidth 



of 5, 10, 15, 20, 25, 30, 40, 50, 60, 80 or 100MHz 



23.  5.2.3.2.8.2 



in Characteristics 



template 



One component carrier can support 50, 100, 200 or 



400MHz bandwidth for frequency range 24250 –



52600MHz  



-> 











One component carrier can support 50, 100, 200 or 



400MHz bandwidth for frequency range above 



24250MHz  



24.  5.2.3.2.8.3 



in Characteristics 



template 



Operating band numbering is removed 



25.  5.2.3.2.8.5 



in Characteristics 



template 



BW = 400MHz: The 3dB bandwidth is 375MHz. 



-> 



BW = 400MHz: The 3dB bandwidth is 392MHz. 



26.  5.2.3.2.10.1 in 



Characteristics 



template 



It currently supports at most 61 types of MCS. The 



number of the multi-antenna MIMO transmission layers is 



1-4, and the code rate range is 0.0293-0.875. 



-> 



There are about 100 combinations of different modulation 



modes/code rates.  The number of the multi-antenna 



MIMO transmission layers is 1-4, and the code rate range 



is 0.03~0.875.  



27.  5.2.3.2.11.1.1 



in Characteristics 



template 



Operating band N1 is removed 



28.  5.2.3.2.11.1.3 in 



Characteristics 



template 



Measurement bandwidth (MHz) :  380.16 



-> 



Measurement bandwidth (MHz) :  390 



29.  5.2.3.2.13.1 



in Characteristics 



template 



Downlink Transmission Channel 



-> 



Downlink Traffic Channel 



30.  5.2.3.2.13.1 



in Characteristics 



template 



Uplink Transmission Channel 



-> 



Uplink Traffic Channel 



31.  5.2.3.2.23.2 



in Characteristics 



template 



The access of the narrow-band (low power consumption) 



STAs to a broadband system is supported. The narrow-



band is as narrow as 500KHz. 



- > 



The OFDMA (low power consumption) STAs to a 



broadband system is supported. The resource unit in 



OFDMA is as narrow as 312.5KHz. 











32.  5.2.3.2.26.4 



in Characteristics 



template 



This EUHT RIT is new radio developed by NUFRONT, 



and will be evolved to be a mmWave bands version. 



-> 



This EUHT RIT is new radio developed by NUFRONT, 



and will be evolved to be a more adavanced mmWave 



bands version. 



33.  5.2.3.2.26.5 



in Characteristics 



template 



For STA and CAP of Frequency Band 1 and Frequency 



Band 2:  



-> 



For STA and CAP in Sub-6GHz bands and mmWave 



bands:  



 



34.  5.2.3.2.26.8 



in Characteristics 



template 



The STA will not be awaked when it receives a MAC 



frame. 



-> 



The STA will not be awaked when it receives MAC frame 



from application layer 



35.  5.2.3.2.8.2 



in Characteristics 



template 



One component carrier can support 50, 100, 200 or 



400MHz bandwidth for frequency range 24250 – 



52600MHz 



-> 



One component carrier can support 50, 100, 200 or 



400MHz bandwidth for frequency range 24250 – 



40000MHz 



36.  5.2.4.2.1 in 



compliance 



template 



See the table for IMT bands. 



-> 



See the table for sub-6GHz bands. 



37.  5.2.4.2.2 in 



compliance 



template 



See the table for higher frequency bands. 



-> 



See the table for mmWave bands. 



38.  5.1.1 in Self-



evaluation report  



DL peak spectral efficiency for both Sub-6GHz bands for 



450 MHz ~ 6000 MHz and millimetre Wave (mmWave) 



bands for 24.25 GHz ~ 52.6 GHz are evaluated. 



-> 



DL peak spectral efficiency for both Sub-6GHz bands 



(450 MHz ~ 6000 MHz) and millimeter Wave (mmWave, 



above 24.25 GHz) are evaluated. 



 



39.  5.4~5.6, B.2 in 



Self-evaluation 



report 



Scheme and antenna configuration: MU-MIMO, SU-



MIMO 



-> 



Scheme and antenna configuration: Adaptive SU/MU-



MIMO 



40.  5.9.2 in Self-



evaluation report 



Table 5.9.1-1 EUHT mobility in Dense Urban – eMBB 



-> 











Table 5.9.2-1 EUHT mobility in Dense Urban – eMBB 



41.  7.1 Table 7.1-1 in 



Self-evaluation 



report 



Bandwidth 



-> 



Resource Unit Bandwidth 



42.  8.1  in Self-



evaluation report 



different bandwidths are supported for a component 



carrier at given SCS as listed in Table 8.1-2. 



-> 



different bandwidths and number of data subcarriers 



(NSD) are supported for a component carrier at given SCS 



as listed in Table 8.1-2. 



43.  8.1  in Self-



evaluation report 



Table 8.1-3,  78.125  10 



-> 



Table 8.1-3,  78.125  5 



44.  B.1.1 in Self-



evaluation report 



Table B.1.1.1-1 and Table B.1.1.2-1 



Highest modulation order: for IMT bands: 10 



                    For higher frequency bands: 8 



-> 



Highest modulation order: 10,8 
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