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[bookmark: dbreak]1	Introduction
This document is submitted towards the description of a candidate radio interface technology for IMT-2020, in response to the Circular Letter 5/LCCE/59.
[bookmark: _GoBack]TSDSI had indicated its intention to submit its candidate RIT/SRIT technology to IMT-2020 evaluation at the ITU-R WP 5D meeting #27 held in Canada through the document 5D/572. Further, it was informed through 5D/492 that the submission will be based on 3GPP which may include enhancements based on Indian requirements and technologies. Subsequently, the preliminary initial description template was submitted through the document 5D/980.
In this document, we provide updated Characteristics template,  new Link budget templates, and a description of the specification changes over the 3GPP NR release 15. The proposed radio interface technology is based on the 3GPP development with regional enhancements. The development is in accordance with the Documents and Reports developed by ITU-R that are related to IMT-2020 submission., including:
–	Document IMT-2020/01 IMT-2020 Background,
–	Document IMT-2020/02(Rev.1) Submission and evaluation process and consensus 	building for IMT-2020,
–	Report ITU-R M.2411 – Requirements, evaluation criteria and submission templates for the development of IMT-2020,
–	Report ITU-R M.2410 – Minimum requirements related to technical performance for IMT-2020 radio interface(s),
–	Report ITU-R M.2412 – Guidelines for evaluation of radio interface technologies for IMT-2020.
In this updated submission, TSDSI proposes NR with NB-IoT in subsequent submission as a candidate IMT-2020 radio interface technology (RIT). 
2	Submission templates and preliminary evaluation report
The Characteristics template (Attachment 1) and the Link budget template (Attachment 2) are attached. TSDSI requests WP5D to consider this submission and to revise the Document
IMT-2020/7.
Additional information is provided in Attachment 3, which is a description, of the specification changes over the 3GPP NR release 15 (also included in 5.2.3.2.27 of the characteristics template).
The results in the link budget template are developed based on 3GPPNR Rel-15 RP-182033.
This submission may be updated, and the final documents will be made available for meeting #32 (July 2019).
3	Attachments
Attachment 1: Characteristics template. This template is currently limited to NR and may be updated in the final submission to include NB-IOT if required.



Attachment 2: Link budget templates for Channel Model A and Channel Model B.



     

Attachment 3: Changes from the 3GPP specifications.
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5D/980-E

[bookmark: dbreak]Characteristics template for NR RIT of “5G” (Release 15 and beyond)

The description template provides the characteristics description of the NR RIT based on the current 3GPP Rel-15 work. 

It is noted that new features in addition to the ones provided in this characteristics template might be included in future update for the RIT based on the Indian requirements and current work in TSDSI.

For this characteristic template, it has chosen to address the characteristics that are viewed to be very crucial to assist in evaluation activities for independent evaluation groups, as well as to facilitate the understanding of the RIT based on 3GPP. In future submission, further information will be included.



		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 targets to 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: Synchronous/scheduling-based; the transmission to/from different UEs uses mutually orthogonal frequency assignments. Granularity in frequency assignment: One resource block consisting of 12 subcarriers. Multiple sub-carrier spacings are supported including 15kHz, 30kHz, 60kHz and 120kHz for data (see Item 5.2.3.2.7 and reference therein). 

·     CP-OFDM is applied for both downlink and uplink. DFT-spread OFDM can also be configured for uplink.

·     Spectral confinement technique(s) (e.g. filtering, windowing, etc.) for a waveform at the transmitter is transparent to the receiver. When such confinement techniques are used, the spectral utilization ratio can be enhanced.

· TDMA: Transmission to/from different UEs with separation in time. Granularity: One slot consisting of 14 OFDM symbols, or 2, 4, 7 OFDM symbols within one slot. The physical length of one slot ranges from 0.125ms to 1ms depending on the sub-carrier spacing (for more details on the frame structure, see Item 5.2.3.2.7 and the references therein).

· CDMA: 	Inter-cell interference suppressed by processing gain of channel coding allowing for a frequency reuse of one (for more details on channel-coding, see Item 5.2.3.2.2.3 and the reference therein).

· SDMA: Possibility to transmit to/from multiple users using the same time/frequency resource (SDMA a.k.a. “multi-user MIMO”) as part of the advanced-antenna capabilities (for more details on the advanced-antenna capabilities, see Item 5.2.3.2.9 and the reference therein)

At least an UL transmission scheme without scheduling grant is supported.

	

(Note: Synchronous means that timing offset between UEs is within cyclic prefix by e.g. timing alignment.)



		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?

· Downlink:

· For both data and higher-layer control information: QPSK, 16QAM, 64QAM and 256QAM (see [38.211] sub-clause 7.3.1.2).

· L1/L2 control: QPSK (see [38.211] sub-clause 7.3.2.4).

· Symbol rate: 1344ksymbols/s per 1440kHz resource block (equivalently 168ksymbols/s per 180kHz resource block)

· Uplink:

· For both data and higher-layer control information: π/2-BPSK with spectrum shaping, QPSK, 16QAM, 64QAM and 256QAM (see [38.211] sub-clause 6.3.1.2).

· L1/L2 control: BPSK, π/2-BPSK with spectrum shaping, QPSK (see [38.211] sub-clause 6.3.2).

· Symbol rate: 1344ksymbols/s per 1440kHz resource block (equivalently 168ksymbols/s per 180kHz resource block)

The above is at least applied to eMBB.



		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 component carriers. The single component carrier transmission is assumed herein when providing the PAPR. For DFT-spread OFDM, PAPR would depend on modulation scheme as well.



For uplink using DFT-spread OFDM, the cubic metric (CM) can also be used as one of the methods of predicting the power de-rating from signal modulation characteristics, if needed. 



· Downlink:

The PAPR is 8.4dB (99.9%)

· Uplink:

· For CP-OFDM:

The PAPR is 8.4dB (99.9%)

· For DFT-spread OFDM:

The PAPR is provided in the table below.

		Modulation

		π/2 BPSK

		QPSK

		16QAM

		64QAM

		256QAM



		PAPR (99.9%)

		1.75 dB 

		5.8 dB

		6.5 dB

		6.6 dB

		6.7 dB



		CM

(99.9%)

		0.3 dB 

		1.2 dB

		2.1 dB

		2.3 dB

		2.4 dB







. Any PAPR-reduction algorithm is transmitter-implementation specific for uplink and downlink. 



		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 data: Rate 1/3 or 1/5 Low density parity check (LDPC) coding, combined with rate matching based on puncturing/repetition to achieve a desired overall code rate (For more details, see [38.212] sub-clauses 5.3.2). LDPC channel coder facilitates low-latency and high-throughput decoder implementations.

· For L1/L2 control: For DCI (Downlink Control Information)/UCI (Uplink Control Information) size larger than 11 bits, Polar coding, combined with rate matching based on puncturing/repetition to achieve a desired overall code rate (For more details, see [38.212] sub-clauses 5.3.1). Otherwise, repetition for 1-bit; simplex coding for 2-bit; reedmuller coding for 3~11-bit DCI/UCI size.

The above scheme is at least applied to eMBB. Additional information about the control channel FEC may be provided later.



Decoding mechanism is receiver-implementation specific. Example of information on the decoding mechanism will be provided together with self-evaluation.



		`

		Describe the bit interleaving scheme for both uplink and downlink.

· Downlink:

· For data: bit interleaver is performed for LDPC coding after rate-matching (For more details, see [38.212] sub-clauses 5.4.2.2)

· For L1/L2 control: Bit interleaving is performed as part of the encoding process for Polar coding (For more details, see [38.212] sub-clauses 5.4.1.1)

· Uplink:

· For data: bit interleaver is performed for LDPC coding after rate-matching (For more details, see [38.212] sub-clauses 5.4.2.2)

· For L1/L2 control: Bit interleaving is performed for Polar coding after rate-matching (For more details, see [38.212] sub-clauses 5.4.1.3)

The above scheme is at least applied to eMBB.



		[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.

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

· Downlink:

·  Primary and Secondary Synchronization signals (PSS and SSS) are transmitted periodically to the cell. The periodicity of these signals is network configurable. UEs can detect and maintain the cell timing based on these signals. If the gNB implements hybrid beamforming, then the PSS and SSS are transmitted separately to each analogue beam. Network can configure multiple PSS and SSS in frequency domain.

·  UE-specific Demodulation RS (DM-RS) for PDCCH can be used for downlink channel estimation for coherent demodulation of PDCCH (Physical Downlink Control Channel). DM-RS for PDCCH is transmitted together with the PDCCH.

· UE-specific Demodulation RS (DM-RS) for PDSCH can be used for downlink channel estimation for coherent demodulation of PDSCH (Physical Downlink Shared Channel). DM-RS for PDSCH is transmitted together with the PDSCH.

· UE-specific Phase Tracking RS (PT-RS) can be used in addition to the DM-RS for PDSCH for correcting common phase error between PDSCH symbols not containing DM-RS. It may also be used for Doppler and time varying channel tracking. PT-RS for PDSCH is transmitted together with the PDSCH upon need.

· UE-specific Channel State Information RS (CSI-RS) can be used for estimation of channel-state information (CSI) to further prepare feedback reporting to gNB to assist in MCS selection, beamforming, MIMO rank selection and resource allocation. CSI-RS transmissions are transmitted periodically, aperiodically, and semi-persistently on a configurable rate by the gNB. CSI-RS also can be used for interference measurement and fine frequency/time tracking purposes.

· Uplink:

·  UE-specific Demodulation RS (DM-RS) for PUCCH can be used for uplink channel estimation for coherent demodulation of PUCCH (Physical Uplink Control Channel). DM-RS for PUCCH is transmitted together with the PUCCH.

·  UE-specific Demodulation RS (DM-RS) for PUSCH can be used for uplink channel estimation for coherent demodulation of PUSCH (Physical Uplink Shared Channel). DM-RS for PUSCH is transmitted together with the PUSCH.

·  UE-specific Phase Tracking RS (PT-RS) can be used in addition to the DM-RS for PUSCH for correcting common phase error between PUSCH symbols not containing DM-RS. It may also be used for Doppler and time varying channel tracking. DM-RS for PUSCH is transmitted together with the PUSCH upon need.

·  UE-specific Sounding RS (SRS) can be used for estimation of uplink channel-state information to assist uplink scheduling, uplink power control, as well as assist the downlink transmission (e.g. the downlink beamforming in the scenario with UL/DL reciprocity). SRS transmissions are transmitted periodically aperiodically, and semi-persistently by the UE on a gNB configurable rate. 

Details of channel-tracking/estimation algorithms are receiver-implementation specific, and not part of the specification.

Details of channel-tracking/estimation algorithms are receiver-implementation specific, e.g. MMSE-based channel estimation with appropriate interpolation in time and frequency domain could be used.



		5.2.3.2.4

		Physical channel structure and multiplexing 



		5.2.3.2.4.1

		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 physical channel bit rate depends on the modulation scheme, number of spatial-multiplexing layer, number of resource blocks in the channel bandwidth and the subcarrier spacing used. The physical channel bit rate per layer can be expressed as 

Rlayer = Nmod x NRB x 2µ x 168 kbps 

where 				

· Nmod is the number of bits per modulation symbol for the applied modulation scheme (QPSK: 2, 16QAM: 4, 64QAM: 6, 256QAM: 8)

· NRB is the number of resource blocks in the aggregated frequency domain which depends on the channel bandwidth.

· µ depends on the subcarrier spacing, , given by 

For example, a 400 MHz carrier with 264 resource blocks using 120 kHz subcarrier spacing, , and 256QAM modulation results in a physical channel bit rate of 2.8 Gbit/s per layer.



		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.

· Downlink 

The downlink L1/L2 overhead includes:

1. Different types of reference signals

0. Demodulation reference signals for PDSCH (DMRS-PDSCH)

0. Phase-tracking reference signals for PDSCH (PTRS-PDSCH)

0. Demodulation reference signals for PDCCH

0. Reference signals specifically targeting estimation of channel-state information (CSI-RS)

0. Tracking reference signals (TRS)

1. L1/L2 control signalling transmitted on the up to three first OFDM symbols of each slot 

1. Synchronization signals and physical broadcast control channel including demodulation reference signals included in the SS/PBCH block

1. PDU headers in L2 sub-layers (MAC/RLC/PDCP) 

The overhead due to different type of reference signals is given in the table below. Note that demodulation reference signals for PDCCH is included in the PDCCH overhead.

		Reference signal type

		Example configurations

		Overhead for example configurations



		DMRS-PDSCH

		As examples, DMRS can occupy 1/3, ½, or one full OFDM symbol. 1, 2, 3 or 4 symbols per slot can be configured to carry DMRS.

		2.4 % to 29 %



		PTRS- PDSCH

		1 resource elements in frequency domain every second or fourth resource block. PTRS is mainly intended for FR2.

		0.2% or 0.5 % when configured.



		CSI-RS

		1 resource element per resource block per antenna port per CSI-RS periodicity

		0.25 % for 8 antenna ports transmitted every 20 ms with 15 kHz subcarrier spacing



		TRS

		2 slots with 1/2 symbol in each slot per transmission period

		0.36 % or 0.18% respectively for 20 ms and 40ms periodicity 





The overhead due to the L1/L2 control signalling is depending on the size and periodicity of the configured CORESET in the cell and includes the overhead from the PDCCH demodulation reference signals. If the CORESET is transmitted in every slot, maximum control channel overhead is 21% assuming three symbols and whole carrier bandwidth used for CORESET, while a more typical overhead is 7% when 1/3 of the time and frequency resources in the first three symbols of a slot is allocated to PDCCH.

The overhead due to the SS/PBCH block is given by the number of SS/PBCH blocks transmitted within the SS/PBCH block period, the SS/PBCH block periodicity and the subcarrier spacing. Assuming a 100 resource block wide carrier, the overhead for 20 ms periodicity is in the range of 0.6 % to 2.3 % if the maximum number of SS/PBCH blocks are transmitted.

· Uplink

L1/L2 overhead includes:

1. Different types of reference signals

a. Demodulation reference signal for PUSCH 

b. Demodulation reference signal for PUCCH

c. Phase-tracking reference signals

a. Sounding reference signal (SRS) used for uplink channel-state estimation at the network side 

2. L1/L2 control signalling transmitted on a configurable amount of resources (see also Item 4.2.3.2.4.5)

3. L2 control overhead due to e.g., random access, uplink time-alignment control, power headroom reports and buffer-status reports

4. PDU headers in L2 layers (MAC/RLC/PDCP) 

The overhead due to due to demodulation reference signal for PUSCH is the same as the overhead for demodulation reference signal for PDSCH, i.e.  4 % to 29 % depending on number of symbols configured. Also, the phase-tracking reference signal overhead is the same in UL as in DL.

The overhead due to periodic SRS is depending on the number of symbols configured subcarrier spacing and periodicity. For 20 ms periodicity, the overhead is in the range of 0.4% to 1.4% assuming15 kHz subcarrier spacing.

Amount of uplink resources reserved for random access depends on the configuration. 

The relative overhead due to uplink time-alignment control depends on the configuration and the number of active UEs within a cell. 

The amount of overhead for buffer status reports depends on the configuration. 

The amount of overhead caused by 4 highly depends on the data packet size.



		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 a given combination of modulation scheme, code rate, and number of spatial-multiplexing layers, the data rate available to a user can be controlled by the scheduler by assigning different number of resource blocks for the transmission. In case of multiple services, the available/assigned resource, and thus the available data rate, is shared between 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.

See also 5.2.3.2.4.3.



The transport-block size can vary between X bits and Y bits. The number of bits per transport block can be set with a fine granularity.

See [38.214] sub-clause 5.1.3.2 for details.



		5.2.3.2.4.5

		Signalling transmission scheme:

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

· Downlink

L1/L2 control signalling is transmitted in assigned resources time and frequency multiplexed with data within the bandwidth part (BWP, see item 5.2.3.2.8.1). Control signalling is limited to QPSK modulation (QPSK, 16QAM, 64QAM and 256QAM for data). Control signalling error correcting codes are polar codes (LDPC codes for data).

· Uplink		

L1/L2 control signalling transmitted in assigned resources and can be time and frequency multiplexed with data within the BWP. L1/L2 control signalling can also be multiplexed with data on the PUSCH. Modulation schemes for L1/L2 control signalling is π/2-BPSK, BPSK and QPSK. Control signalling error correcting codes are block codes for small payload and polar codes for larger payloads (LDPC codes for data).





For both downlink and uplink, higher-layer signalling (e.g. MAC, RLC, PDCP headers and RRC signalling) is carried within transport blocks and thus transmitted using the same physical-layer transmitter processing 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.

The information will be provided in later update. 



		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, UE or base station 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:

· NR: NR Radio Access

· NG-RAN: NG Radio Access Network (connected to 5GC)

· 5GC: 5G Core Network

· gNB, NG-RAN node providing NR user and control plane terminations towards the UE;

· ng-eNB: NG-RAN node providing E-UTRA user and control plane terminations to the UE

· en-gNB: NG-RAN node providing NR user plane and control plane protocol terminations towards the UE and acting as Secondary Node in EN-DC.

· eNB: E-UTRAN node, connecting to EPC

· MN: Master Node

· SN: Secondary Node

· MR-DC: Multi-RAT Dual Connectivity

· NE-DC: NR-E-UTRA Dual Connectivity (connected to EPC)

· EN-DC: E-UTRA-NR Dual Connectivity (connected to EPC)

· NGEN-DC: NG-RAN E-UTRA-NR Dual Connectivity (Connected to 5GC)

Inter-System handover: 

Inter-system handover is supported between 5G Core Network (5GC) and EPC. 

- Handover between NR in 5GC and E-UTRA in EPC is supported via inter-RAT handover. 

- Handover between E-UTRA in 5GC and E-UTRA in EPC is supported via intra-E-UTRA handover with change of CN type. The source eNB/ng-eNB decides handover procedure to trigger (e.g. via the same CN type or to the other CN type). UE has to know the target CN type from the handover command during intra-LTE inter-system HO, intra-LTE intra-system HO.

Intra-System handover:

1) Intra-NR handover: Network controlled mobility applies to UEs in RRC_CONNECTED and is categorized into two types of mobility: 

· Cell level mobility requires explicit RRC signalling to be triggered, i.e. handover. For inter-gNB handover, handover request, handover acknowledgement, handover command, handover complete procedure is supported between source gNB and target gNB. The release of the resources at the source gNB during the handover completion phase is triggered by the target gNB. 

· Beam level mobility does not require explicit RRC signalling to be triggered - it is dealt with at lower layers - and RRC is not required to know which beam is being used at a given point in time.

Data forwarding, in-sequence delivery and duplication avoidance at handover can be guaranteed between target gNB and source gNB.

2) Inter-RAT handover: Intra 5GC inter RAT mobility is supported between NR and E-UTRA. Inter RAT measurements in NR are limited to E-UTRA and the source RAT should be able to support and configure Target RAT measurement and reporting. The in-sequence and lossless handover is supported for the handover between gNB and ng-eNB. Both Xn and NG based inter-RAT handover between NG-RAN nodes is supported. Whether the handover is over Xn or CN is transparent to the UE.  The target RAT receives the UE NG-C context information and based on this information configures the UE with a complete RRC message and Full configuration (not delta).

	

Measurement	

In RRC_CONNECTED, the UE measures multiple beams (at least one) of a cell and the measurements results (power values) are averaged to derive the cell quality. In doing so, the UE is configured to consider a subset of the detected beams: the N best beams above an absolute threshold. Filtering takes place at two different levels: at the physical layer to derive beam quality and then at RRC level to derive cell quality from multiple beams. Cell quality from beam measurements is derived in the same way for the serving cell(s) and for the non-serving cell(s). Measurement reports may contain the measurement results of the X best beams if the UE is configured to do so by the gNB.



For more details, refer to [38.300] sub-clauses 9.2.3 & 9.3.



		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 500 km/h moving speed) with high handover success rate.

The information will be provided in later update.



		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.

General 
NR performs radio resource management to ensure the efficient use of the available radio resource. RRM functions include:

· Radio bearer control (RBC): the establishment, maintenance and release of radio bearer involves the configuration of radio resource. This is located in gNB/ng-eNB.

· Radio Admission Control (RAC): RAC is to admit or reject the establishment of new radio bearer. It considers QoS requirement, the priority level, overall resource situation. This is located in gNB/ng-eNB.

· Connection Mobility Control (CMC): it controls the number of UEs in idle mode and connected mode. In idle mode, cell reselection algorithm is controlled by parameter setting and in the connected mode, gNB controls UE mobility via handover and RRC connection release with redirection. 

Dynamic/flexible radio resource management

NR supports dynamic and flexible radio resource management by packet scheduling that allocates and de-allocates resources to user and control plane packets. 

Load balancing(LB)

Load balancing has the task to handle uneven distribution of the traffic load over multiple cells. The purpose of LB is thus to influence the load distribution for the higher resource utilization and QoS. LB is achieved in NR with hand-over, redirection or cell reselection. 



		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.

Multi-RAT Dual Connectivity: 

Tight inter-working between E-UTRA and NR is supported with Multi-RAT Dual Connectivity (MR-DC) operation using E-UTRA and NR. The following type of MR-DC is supported:

· MR-DC with the EPC: E-UTRA-NR Dual Connectivity (EN-DC). eNB is master node (MN) and gNB is acting as secondary node (SN)

· MR-DC with the 5GC: 

· NG-RAN E-UTRA-NR Dual Connectivity (NGEN-DC): eNB is MN and gNB is SN. 

· NR-E-UTRA Dual Connectivity (NE-DC): gNB is MN and eNB is SN. 

Similar to LTE dual connectivity, MN is responsible for handover and SN provides offloading to increase overall data rate. 

Control plane architecture: For MR-DC operation, eNB and gNB is communicated via X2-C interface for EN-DC and Xn-C for MR-DC with the 5GC. Single RRC state is maintained but both MN and SN has two RRC entities and can generate full RRC messages. 

User plane architecture: MR-DC supports MCG, SCG and split bearer. In case of split bearer, both MN and SN support RLC for the same radio bearer. 

For more details, refer to [37.340]; see also item 5.2.3.2.13.1



		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. 

NG-RAN support the following states:

	RRC_IDLE:

-	PLMN selection;

-	Broadcast of system information;

-	Cell re-selection mobility;

-	Paging for mobile terminated data is initiated by 5GC;

-	Paging for mobile terminated data area is managed by 5GC;

-	DRX for CN paging configured by NAS.

-	RRC_INACTIVE:

-	Broadcast of system information;

-	Cell re-selection mobility;

-	Paging is initiated by NG-RAN (RAN paging);

-	RAN-based notification area (RNA) is managed by NG- RAN;

-	DRX for RAN paging configured by NG-RAN;

-	5GC - NG-RAN connection (both C/U-planes) is established for UE;

-	The UE AS context is stored in NG-RAN and the UE;

-	NG-RAN knows the RNA which the UE belongs to.

-	RRC_CONNECTED:

-	5GC - NG-RAN connection (both C/U-planes) is established for UE;

-	The UE AS context is stored in NG-RAN and the UE;

-	NG-RAN knows the cell which the UE belongs to;

-	Transfer of unicast data to/from the UE;

-	Network controlled mobility including measurements.

Transition between RRC states:

· From RRC_IDLE to RRC_CONNECTED: RRC connection setup

· From RRC_CONNECTED to RRC_IDLE: RRC connection release

· From RRC_INACTIVE to RRC_CONNECTED: RRC connection resume

· From RRC_CONNECTED to RRC_INACTIVE: RRC connection suspension

· From RRC_INACTIVE to RRC_IDLE: RRC connection release (TBC)

· From RRC_IDLE to RRC_INACTIVE: not supported



For more details, refer to [38.300].



		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:

· Frame length, sub-carrier spacing, and time slots:

One radio frame of length 10 ms consisting of 10 subframes, each of length 1 ms. Each subframe consists of an OFDM sub-carrier spacing dependent number of slots. Each slot consists of 14 OFDM symbols (twelve OFDM symbols in case of extended cyclic prefix)

· 15 kHz SCS: 1 ms slot, 1 slot per sub-frame

· 30 kHz SCS: 0.5 ms slot, 2 slots per sub-frame

· 60 kHz SCS: 0.25 ms slot, 4 slots per sub-frame

· 120 kHz SCS: 0.125 ms slot, 8 slots per sub-frame

· 240 kHz SCS: 0.0625 ms slot (only used for synchronization, not for data)

Data transmissions can be scheduled on a slot basis, as well as on a partial slot basis, where the partial slot transmissions that may occur several times within one slot. The supported partial slot allocations and scheduling intervals are 2, 4 and 7 symbols for normal cyclic prefix, and 2, 4 and 6 symbols for extended cyclic prefix.

The slot structure supports zero, one or two DL/UL switches per slot, and dynamic selection of the link direction for each slot independently. Typically, one symbol would be allocated as guard, but different number of symbols, or even full slot could be allocated as guard.

· Downlink control channel structure:

Downlink control signaling is time and frequency multiplexed with data on a scheduling interval basis. The control region can span over 1-3 OFDM symbols in the beginning of the allocation, flexibly allocating 1-14 symbols for data transmission, including the time and frequency part of the control region that was not used for control signaling.

· Uplink control channel structure:

Uplink control signaling can be both time-multiplexed with the data of the same UE and time and frequency multiplexed with control and data of other UEs when the UE has no data to be transmitted. Uplink control signaling is piggy-backed with data i.e. transmitted with data on the PUSCH when the UE has data to be transmitted.

· Power control bit rate:

No specific power-control rate is defined, but a power control command can be sent at any slot, leading to a sub-carrier spacing specific maximum power control rate of 1/2/4/8 kHz for SCS of 15/30/60/120 kHz respectively.



		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. 

· NR supports flexible spectrum use through mechanisms including the following:

·  Multiple component carriers can be aggregated to achieve up to 6.4 GHz 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”).

· In addition, within one component carrier, bandwidth part (BWP) is supported on downlink and uplink. The bandwidth of the component carrier can be divided into several bandwidth parts. From network perspective, different bandwidth parts can be associated with different numerologies (subcarrier spacing, cyclic prefix). UEs with smaller bandwidth support capability can work within a bandwidth part with an associated numerology. By this means UEs with different bandwidth support capability can work on large bandwidth component carrier. NR supports UE bandwidth part adaptation for UE power saving and numerology switching. The network can operate on a wide bandwidth carrier while it is not required for the UE to support the whole bandwidth carrier, but can work over activated bandwidth parts, thereby optimizing the use of radio resources to the traffic demand and minimizing interference to/from other systems.

· NR supports spectrum sharing with LTE. The operating carrier of NR and LTE can be overlapped or adjacent. From network perspective, NR users and LTE users can share / co-exist on the overlapped carrier in frequency division multiplexing (FDM) or time division multiplexing (TDM) manner, with dynamic scheduling or semi-static configurations. When LTE and NR spectrum overlaps, resources can be shared by LTE DL carrier and NR DL carrier, or by LTE UL carrier and NR UL carrier. OFDM symbol durations of NR and LTE can be aligned. The system allows aligning sub-carriers of LTE and NR to enable more efficient sharing of overlapped resources.

· NR can operate on a TDD band with a supplementary UL (SUL) band. In this case, NR can flexibly allocate users on either TDD band or the SUL band for uplink transmission. It is beneficial for the users at cell edge where the coverage might be limited for those users on TDD band (usually higher carrier frequency than SUL band, see item 5.2.3.2.8.3). In this case, such users can be allocated to SUL band with lower propagation loss for uplink transmission.

· NR addresses the uplink and downlink traffic asymmetry with flexible spectrum resource allocation by allowing FDD operation on a paired spectrum, different transmission directions in either part of a paired spectrum, TDD operation on an unpaired spectrum where the transmission direction of time resources is not dynamically changed, and TDD operation on an unpaired spectrum where the transmission direction of most time resources can be dynamically changing. DL and UL transmission directions for data can be dynamically assigned on a per-slot basis.

NR can be configured to co-exist with NB-IoT/eMTC using frequency division multiplexing (FDM) way. 

· For NB-IoT, 

· The downlink co-existence can be made by NR by configuring reserved resource blocks (RBs) which are declared as not available for PDSCH for NR users. These reserved resource blocks can be used by NB-IoT anchor and non-anchor carriers. For NR users that are scheduled on the resource block group (RBG) which includes the reserved RB, NR will configure the rate match pattern for those users using dynamic or semi-static indication. 

· For uplink, NR can use appropriate uplink resource allocation to “reserve” RBs for NB-IoT users. For example, if some of the RBs are reserved for NB-IoT, NR will allocate other RBs to its users, by either frequency domain resource allocation type 0 or type 1. By the above means, NR and NB-IoT can co-exist without any impact to each other.

· For eMTC,

· The downlink co-existence can be made by NR by configuring reserved resources for eMTC. It can be achieved by resource element (RE) level and RB level resource reservation indication.

· Similar mechanism to NB-IoT can be employed for uplink to enable NR co-existence with eMTC for uplink.

· .



		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 higher frequency 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 supports a scalable bandwidth, 5, 10, 15, 20, 25, 40, 50, 60, 80, 100 MHz for frequency range 450 MHz to 6 000 MHz (see [38.101] for the actual support of bandwidth for each band), with guard band ratio from 20% to 2%; and a scalable bandwidth, 50, 100, 200, 400 MHz for frequency range 24 250-52 600 MHz (see [38.101] for the actual support of bandwidth for each band), with guard band ratio from 8% to 5%. By aggregating multiple component carriers, transmission bandwidths up to 6.4 GHz are supported to provide high data rates. Component carriers can be either contiguous or non-contiguous in the frequency domain. The number of component carriers transmitted and/or received by a mobile terminal can vary over time depending on the instantaneous data rate. 



		5.2.3.2.8.3

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

The following frequency bands will be supported, in accordance with spectrum requirements defined by Report ITU-R M.2411-0. Introduction of other ITU-R IMT identified bands are not precluded in the future. 3GPP technologies are also defined as appropriate to operate in other frequency arrangements and bands.



450-6 000 MHz:

		Band number

		UL operating band

		DL operating band



		n1

		1920 – 1980 MHz

		2110 – 2170 MHz



		n2

		1850 – 1910 MHz

		1930 – 1990 MHz



		n3

		1710 – 1785 MHz

		1805 – 1880 MHz



		n5

		824 – 849 MHz

		869 – 894MHz



		n7

		2500 – 2570 MHz

		2620 – 2690 MHz



		n8

		880 – 915 MHz

		925 – 960 MHz



		n20

		832 – 862 MHz

		791– 821MHz



		n28

		703 – 748 MHz

		758 – 803 MHz



		n38

		2570 – 2620 MHz

		2570 – 2620 MHz



		n40

		2300 -- 2400 MHz

		2300 – 2400 MHz



		n41

		2496 – 2690 MHz

		2496 – 2690 MHz



		n50

		1432 – 1517 MHz

		1432 – 1517 MHz



		n51

		1427 – 1432 MHz

		1427 – 1432 MHz



		n66

		1710 – 1780 MHz

		2110 – 2200 MHz



		n70

		1695 – 1710 MHz

		1995– 2020 MHz



		n71

		663 – 698 MHz

		617 – 652 MHz



		n74

		1427 –1470 MHz

		1475 – 1518 MHz



		n75

		N/A

		1432 – 1517 MHz



		n76

		N/A

		1427 – 1432 MHz



		n77

		3.3 – 4.2 GHz

		3.3 – 4.2 GHz



		n78

		3.3 – 3.8 GHz

		3.3 – 3.8 GHz



		n79

		4.4 – 5.0 GHz

		4.4 – 5.0 GHz



		n80

		1710 – 1785 MHz

		N/A



		n81

		880 – 915 MHz

		N/A



		n82

		832 – 862 MHz

		N/A



		n83

		703 – 748 MHz

		N/A



		n84

		1920 – 1980 MHz

		N/A



		n85

		2496 – 2690 MHz

		N/A







24250 – 52600 MHz:

		Band number

			UL operating band

		DL operating band



		n257

		26.5 –29.5 GHz

		26.5 –29.5 GHz



		n258

		24.25 – 27.5 GHz

		24.25 – 27.5 GHz



		n260

		37–40 GHz

		37–40 GHz









		5.2.3.2.8.4

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

The minimum amount of paired spectrum is 2 x 5 MHz the minimum amount of unpaired spectrum is 5 MHz 







		5.2.3.2.8.5

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

The 3dB bandwidth is not part of the specifications, however:

· The minimum 99% channel bandwidth (occupied bandwidth of single component carrier) is 

· 5 MHz for frequency range 450 – 6000 MHz;

·  50 MHz for frequency range 24250 – 52600 MHz

· The maximum 99% channel bandwidth (occupied bandwidth of single component carrier) is 

· 100 MHz for frequency range 450 – 6000 MHz; 

· 400 MHz for frequency range 24250 – 52600 MHz

· Multiple component carriers can be aggregated to achieve up to 6.4 GHz of transmission bandwidth.



		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- a 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?

NR supports paired and unpaired spectrum and allows FDD operation on a paired spectrum, different transmission directions in either part of a paired spectrum, TDD operation on an unpaired spectrum where the transmission direction of time resources is not dynamically changed, and TDD operation on an unpaired spectrum where the transmission direction of most time resources can be dynamically changing. DL and UL transmission directions for data can be dynamically assigned on a per-slot basis.

·    For FDD operation, it supports full-duplex FDD. 

·       For both base station and terminal, a duplexer is needed for full-duplex FDD. 

·  For full-duplex FDD, the required transmit/receive isolation is a UE function of; the Tx emission mask (emission level on the Rx frequency, the TX-Rx frequency spacing, the Tx- Rx duplex filter isolation, the TX and RX configuration (RB location, RB power and RB allocation) and the required Rx desense criteria. For the supported operating bands, the parameters including the minimum (up/down) Tx to Rx frequency separation and the minimum Tx-Rx band gap are being defined in 3GPP.

· For different transmission directions in either part of a paired spectrum, a duplexer is needed for both base station and the terminal. The required frequency separation between the paired spectrum is the same as full-duplex FDD. The supported DL/UL resource assignment configurations for TDD can be applied.

· For TDD operation, it supports variable DL/UL resource assignment ranging in a radio frame from 10/0 (ten downlink slots and no uplink slot) to 0/10 (no downlink slot and ten uplink slots). It also supports a slot with DL part and UL part. DL and UL transmission directions for data can be dynamically assigned on a per-slot basis. Adjacent cells using the same carrier frequency can use the same or different DL/UL resource assignment configuration.

· For both the base station and the terminal, duplexer is not needed.

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



		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). 

The multi-antenna systems in NR supports the following MIMO transmission schemes at both the UE and the base station:

· Spatial multiplexing with DM-RS based closed loop, open loop and semi-open loop transmission schemes are supported. Both codebook and non-codebook based transmission is supported in DL and UL.

· Spatial transmit diversity is supported by using specification transparent diversity schemes

· Hybrid beamforming including both digital and analog beamforming is supported. Beam management with periodic and aperiodic beam refinement is also supported.

· Advanced non-linear precoding schemes may be supported



		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)? 

NR supports {1, 2, 4, 8, 12, 16, 24, 32} antenna ports in the DL and {1, 2, 4} antenna ports in the UL.



Base Station and UE support rectangular antenna arrays. The rectangular panel array antenna can be described by the following tuple , where  is the number of panels in a column,  is the number of panels in row,  are the number of vertical, horizontal antenna elements within a panel and  is number of polarizations per antenna element. The spacing in vertical and horizontal dimensions between the panels is specified by  and between antenna elements by.



NR specification is flexible to support various antenna spacing, number of antenna elements, antenna port layouts and antenna virtualization approaches.



		5.2.3.2.9.3

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

The information will be provided with self-evaluation results.



		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.

In NR, spatial multiplexing is supported with the following options:

		

Single codeword is supported for 1-4 layer transmissions and two codewords are supported for 5-8 layer transmissions in DL. Only single codeword is supported for 1- 4 layer transmissions in UL

Both open and closed loop MIMO are supported in NR, where for demodulation of data, receiver does not require knowledge of the precoding matrix used at the transmitter. Dynamic switching between different transmission schemes is also supported

Both single-user and multi-user MIMO are supported. For the case of single-user MIMO transmissions, up to 8 orthogonal DM-RS ports are supported in DL and up to 4 orthogonal DM-RS ports are supported in UL. For multi-user MIMO up to 12 orthogonal DM-RS ports with up to 4 orthogonal ports per UE are supported.



NR supports coordinated multipoint transmission/reception, which could be used to implement different forms of cooperative multi-antenna (MIMO) transmission schemes.



		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.

The use of remote antennas and distributed antennas is supported by NR.



		5.2.3.2.9.6

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

The information will be provided with self evaluation results.



		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 data, the RIT supports dynamic indication of 

1. combinations of modulation scheme and target code rate and,

2. the resource allocation in frequency and time (The resource allocation in frequency is within BWP)

that the UE uses to determine the transport block size where the possible combinations cover a large range of possible data and channel coding rates. 28 different target coding rates can be indicated (29 if 256QAM is not enabled) and the target code rate range is 0.1 to 0.9.  

In both downlink and uplink, link adaptation (selection of modulation scheme and code rate) is controlled by the base station. In the downlink, the network selection of modulation-scheme/code-rate combination can e.g. be based on channel state information (CSI) reported by the terminals. The RIT features a flexible CSI framework where the type of CSI, reporting quantity, frequency-granularity and time-domain behaviour can be configured. Both periodic and aperiodic(triggered) reporting modes are supported, controlled by the base station, where the aperiodic reporting allows the network to request which CSI-RS resources to report the CSI for. More details can be found in [38.214] section 5.2. In the uplink the base station may measure either the traffic channel or sounding reference signals and use this as input to the link adaptation. More details can be found in [38.214] section 6.2.1.

On the MAC layer, hybrid ARQ with soft-combining between transmissions is supported. Different redundancy versions can be used for different transmissions. The modulation and coding scheme may be changed for retransmissions. In order to minimize delay and feedback, a set of parallel stop-and-wait protocols are used. To correct possible residual errors, the MAC ARQ is complemented by a robust selective-repeat ARQ protocol on the RLC layer. More details are found in [38.321] and [38.322].



		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.

Uplink power control is independent for uplink data(PUSCH), uplink control(PUCCH) and sounding reference signal SRS. The uplink power control is based on both signal-strength measurements done by the terminal itself (open-loop power control), as well as measurements by the base station. The latter measurements are used to generate power-control commands that are subsequently fed back to the terminals as part of the downlink control signalling (closed-loop power control). Both absolute and relative power-control commands are supported. There are four available relative power adjustments (“step size”) in case of relative power control, TBD. For uplink data, multiple closed loop power control processes can be configured, including the possibility separate processes with transmission beam indication. The time between power-control commands for PUSCH and PUCCH is the same as the scheduling periodicity for the PUSCH and the PDSCH, respectively. More details about uplink power control are found in [38.213] section 7.



Downlink power control is network-implementation specific and thus outside the scope of the specification. A simple and efficient power control strategy is to transmit with a constant output power. Variations in channel conditions and interference levels are adapted to by means of scheduling and link adaptation.



		5.2.3.2.11

		Power classes



		5.2.3.2.11.1 

		UE emitted power



		5.2.3.2.11.1.1

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

For frequency range 1, the maximum output power is measured as the sum of the maximum output power at each UE antenna connector.  The maximum output power is defined by UE power class as following table.

									<UE maximum output power for frequency range 1>

		Power class

		PPowerClass (dBm)

		Tolerance



		2

		26

		+2/-3



		3

		23

		+2/-3~-2



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







For frequency range 2, the maximum output power radiated by the UE for any transmission bandwidth of NR carrier is defined as TRP (Total Radiated Power) and EIRP(Equivalent Isotropically Radiated Power). Unlike UE power class for frequency range 1, where each UE power class is specified as a nominal value with +/- tolerance, UE power class for frequency range 2 specifies a UE minimum peak EIRP, minimum spherical coverage EIRP,  and UE maximum output power limits for each power class as following table. In particular, Power class 1 UE is used for fixed wireless access (FWA).



<UE minimum peak EIRP for frequency range 2>

		

		Min peak EIRP (dBm)



		Operating band

		Power class 1

		Power class 2

		Power class 3

		Power class 4



		n257

		40.0

		29

		22.4

		34



		n258

		40.0

		29

		22.4

		34



		n260

		38.0

		

		20.6

		31



		n261

		40.0

		29

		22.4

		34



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







<UE minimum spherical coverage EIRP for frequency range 2>

		

		Min spherical coverage EIRP (dBm)



		Operating band

		Power class 1

		Power class 2

		Power class 3

		Power class 4



		n257

		32.0@85%

		18@60%

		11.5@50%

		25@20%



		n258

		32.0@85%

		18@60%

		11.5@50%

		25@20%



		n260

		30.0@85%

		

		8@50%

		19@20%



		n261

		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 UE.







<UE maximum output power limits for frequency range 2>

		Operating band

		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)



		n257

		35

		55

		23

		43

		23

		43

		23

		43



		n258

		35

		55

		23

		43

		23

		43

		23

		43



		n260

		35

		55

		

		

		23

		43

		23

		43



		n261

		35

		55

		23

		43

		23

		43

		23

		43





.



		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.

 The time averaged power transmitted in active state is subject to the type of signal/channel, UE channel condition, allocated bandwidth, and deployment scenario, etc. One example of estimate averaged transmit power is to take median of minimum UE output power and maximum UE output power (e.g. around -10dBm). It is noted that NR minimum UE output power is defined in TS38.101, as the power in the channel bandwidth for all transmit bandwidth configurations (resource blocks).

<Minimum UE output power for frequency range 1>

		Channel bandwidth

(MHz)

		Minimum output power

(dBm)

		Measurement bandwidth

(MHz)



		5

		-40

		4.515



		10

		-40

		9.375



		15

		-40

			14.235



		20

		-40

		19.095



		25

		-39

			23.955



		30

		-38.2

		28.815



		40

		-37

		38.895



		50

		-36

		48.615



		60

		-35.2

		58.35



		80

		-34

				78.15



		90

		-33.5

		88.23



		100

		-33

		98.31







<Minimum UE output power for frequency range 2>

		UE power class

		Channel bandwidth

(MHz)

		Minimum output power

(dBm)

		Measurement bandwidth

(MHz)



		Power class 1

		50

		4

		47.52



		

		100

		4

		95.04



		

		200

		4

		190.08



		

		400

		4

		380.16



		Power class 2, 3, 4

		50

		-13

		47.52



		

		100

		-13

		95.04



		

		200

		-13

		190.08



		

		400

		-13

		380.16









		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?

For the BS type 1-C and BS type 1-H, the BS conducted output power is measured at antenna connector for BS type 1-C, or at TAB connector for BS type 1-H. 

For the BS type 1-O and BS type 2-O, radiated transmit power is defined as the EIRP level for a declared beam at a specific beam peak direction

· For a declared beam and beam direction pair, the rated beam EIRP level is the maximum power that the base station is declared to radiate at the associated beam peak direction during the transmitter ON period.

Base Stations intended for general-purpose applications do not have limits on the maximum transmit power. However, there may exist regional regulatory requirements which limit the maximum transmit power.



		5.2.3.2.11.2.2 

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

Base Stations intended for general-purpose applications do not have limits on the maximum transmit power. However, there may exist regional regulatory requirements which limit the maximum transmit power.



		5.2.3.2.11.2.3

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

 The averaged transmitted carrier power is subject to the type of signal/channel 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.

In NR, QoS model is based on QoS Flows, and both GBR QoS Flows and non-GBR QoS Flows are supported. At NAS level, the QoS flow is the finest granularity of QoS differentiation in a PDU session. Each QoS Flow is associated with a QoS profile which contains QoS parameters including a 5G QoS Identifier (5QI), an Allocation/ Retention Priority (ARP), Reflective QoS Attribute (RQA) for non-GBR Flows, Guaranteed Flow Bit Rate (GFBR) and Maximum Flow Bit Rate (MFBR) for GBR QoS Flows, and optionally with Notification Control and Maximum Packet Loss Rate for GBR QoS Flows. The 5QI is an index representing the resource type, priority, packet delay budget, packet error rate, maximum data burst volume, and averaging window of a QoS Flow, and up to 256 5QIs could be defined by the operator (22 of which is standardised). For each UE, one or multiple PDU sessions can be established, and within one PDU session, up to 64 QoS Flows can be allocated. At AS level, for each UE, one or multiple data bearers can be established, and QoS Flow to data bearer mapping is controlled by NG-RAN. Up to 29 data bearers can be established in parallel for a UE. One or more QoS flows can be mapped to a data bearer. Reflective mapping (UE applies the DL mapping rule to UL packets) is supported in both NAS level and AS level. QoS profile is provided by 5GC to NG-RAN and is used by NG-RAN to determine the treatment on the radio interface. The ARP as well as other QoS parameters could be used to determine which bearers to prioritise at handover. By using multiple QoS Flows / data bearers having different QoS profiles, multiple application flows with different QoS requirements could be accommodated.





		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. 

In NR physical control and shared channels can be separately and dynamically scheduled for both uplink and downlink. A scheduling unit for downlink shared channel may span from 2-14 symbols and for uplink shared channel from 1-14 symbols (14 symbols comprise a “slot”). Sub-carrier spacing for different physical channels may be dynamically changed by switching bandwidth-parts (BWP). 

Typically, NR scheduling is based on the instantaneous radio-link quality as seen by the different users, and the traffic demand and quality-of-service requirements of individual users and in the cell as a whole. The former is based on CQI reports from the terminals (downlink) or measurements of sounding signals from the terminals (uplink). Based on this the base station may e.g. apply a proportional fair scheduling algorithm. The QoS assessment is supported by means of receiving QoS information from the “higher layers”.  

For non-full buffer traffic like VOIP (or any traffic having similar characteristics) semi-persistent scheduling in DL can be applied, by which a user can be allocated time-frequency resources in a semi-persistent manner, i.e., fixed resources are allocated at certain intervals without L1/L2 control signaling each time. This is especially useful to reduce the L1/L2 control signaling overhead and to increase VoIP capacity. In addition, with UL Configured Grants, the scheduler can allocate uplink resources to users. When a configured uplink grant is active, if the user cannot find an uplink grant assigned via downlink control channel an uplink transmission according to the configured uplink grant can be made. Otherwise, if the user finds an uplink grant assigned via downlink control channel, this assignment overrides the configured uplink grant.

In general for TDD operation a slot may be used for dynamically allocating DL or UL transmissions or both.

NR supports slot aggregation in downlink and uplink, by which time-frequency resources can be allocated consecutively to a user for a longer period than a slot by a single L1/L2 control signaling. A larger transport block size or a lower coding rate can be supported by this technique. This is especially useful when the coverage needs to be extended.

As another option to extend coverage or improve reliability in addition to slot aggregation, a set of MCS tables supporting very low code rate for both DL and UL can be used.

The scheduler may pre-empt an ongoing transmission to one user with a latency-critical transmission to another user. The scheduler can configure users to monitor interrupted transmission indications. If a user receives the interrupted transmission indication, the user may assume that no useful information to that user was carried by the resource elements included in the indication, even if some of those resource elements were already scheduled to this user. Alternatively, instead of transmitting interruption indication, the scheduler may retransmit only the preempted code blocks to a UE and instruct to do proper transport block decoding with other already received code blocks.

For the downlink and the uplink, intercell-interference coordination can be realized by the scheduler that is transparent to the physical layer.



		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.

RAN/Radio Architectures:

This RIT contains NR standalone architecture. 

The following paragraphs provide a high-level summary of radio interface protocols and channels. 

Radio Protocols:

The protocol stack for the user plane includes the following: SDAP, PDCP, RLC, MAC, and PHY sublayers (terminated in UE and gNB).

On the Control plane, the following protocols are defined:

-	RRC, PDCP, RLC, MAC and PHY sublayers (terminated in UE and gNB);

-	NAS protocol (terminated in UE and AMF)

	

For details on protocol services and functions, please refer to 3GPP specifications (e.g. [38.300]).



Radio Channels (Physical, Transport and Logical Channels)

The physical layer offers service to the MAC sublayer transport channels. The MAC sublayer offers service to the RLC sublayer logical channels. The RLC sublayer offers service to the PDCP sublayer RLC channels. The PDCP sublayer offers service to the SDAP and RRC sublayer radio bearers: data radio bearers (DRB) for user plane data and signalling radio bearers (SRB) for control plane data.

The SDAP sublayer offers 5GC QoS flows and DRBs mapping function.

The physical channels defined in the downlink are: 

-	the Physical Downlink Shared Channel (PDSCH), 

-	the Physical Downlink Control Channel (PDCCH), 

-	the Physical Broadcast Channel (PBCH), 

The physical channels defined in the uplink are: 

-	the Physical Random Access Channel (PRACH),

-	the Physical Uplink Shared Channel (PUSCH), 

-	and the Physical Uplink Control Channel (PUCCH). 

In addition to the physical channels above, PHY layer signals are defined, which can be reference signals, primary and secondary synchronization signals.

The following transport channels, and their mapping to PHY channels, are defined:

Uplink:

· Uplink Shared Channel (UL-SCH), mapped to PUSCH

· Random Access Channel (RACH), mapped to PRACH

Downlink:

· Downlink Shared Channel (DL-SCH), mapped to PDSCH

· Broadcast channel (BCH), mapped to PBCH

· Paging channel (PCH), mapped to (TBD)

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.

· Common Control Channel (CCCH): 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: Dedicated Traffic Channel (DTCH), 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 BCH, or DL-SCH;

· PCCH can be mapped to PCH;

· CCCH, DCCH, DTCH can be mapped to DL-SCH;

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

-	CCCH, DCCH, DTCH can be mapped to UL-SCH.





Other aspects



- NR QoS architecture

The QoS architecture in NG-RAN (connected to 5GC), can be summarized as follows:

For each UE, 5GC establishes one or more PDU Sessions.

For each UE, the NG-RAN establishes one or more Data Radio Bearers (DRB) per PDU Session. The NG-RAN maps packets belonging to different PDU sessions to different DRBs. Hence, the NG-RAN establishes at least one default DRB for each PDU Session.

NAS level packet filters in the UE and in the 5GC associate UL and DL packets with QoS Flows.

AS-level mapping rules in the UE and in the NG-RAN associate UL and DL QoS Flows with DRBs



[bookmark: _Toc493770881]- Carrier Aggregation (CA)

In case of CA, the multi-carrier nature of the physical layer is only exposed to the MAC layer for which one HARQ entity is required per serving cell.

[bookmark: _Toc493770882]- Dual Connectivity (DC)

In DC, the radio protocol architecture that a radio bearer uses depends on how the radio bearer is setup. Four bearer types exist: MCG bearer, MCG split bearer, SCG bearer and SCG split bearer. The following terminology/definitions apply:

· Master gNB: in dual connectivity, the gNB which terminates at least NG-C.

· Secondary gNB: in dual connectivity, the gNB that is providing additional radio resources for the UE but is not the Master node.

· Master Cell Group (MCG): in dual connectivity, a group of serving cells associated with the MgNB

· Secondary Cell Group (SCG): in dual connectivity, a group of serving cells associated with the SgNB

· MCG bearer: in dual connectivity, a bearer whose radio protocols are only located in the MCG.

· MCG split bearer: in dual connectivity, a bearer whose radio protocols are split at the MgNB and belong to both MCG and SCG.

· SCG bearer: in dual connectivity, a bearer whose radio protocols are only located in the SCG.

· SCG split bearer: in dual connectivity, a bearer whose radio protocols are split at the SgNB and belong to both SCG and MCG.

In case of DC, the UE is configured with two MAC entities: one MAC entity for the MCG and one MAC entity for the SCG. For a split bearer, UE is configured over which link (or both) the UE transmits UL PDCP PDUs. On the link which is not responsible for UL PDCP PDUs transmission, the RLC layer only transmits corresponding ARQ feedback for the downlink data.



For more details on NR Radio Protocol architecture and channels, refer to:

[38.300], [38.401], [38.201], [37.340]



		5.2.3.2.13.2

		What is the bit rate required for transmitting feedback information?

As described in other sections (e.g. 5.2.3.2.3, 5.2.3.2.10, 5.2.3.2.13.1), from a Layer1 point of view (PHY/MAC), few control (feedback/HARQ) channels are defined (in UL and DL), with specific characteristics and transmission schemes/rates.

At Layer2 level (i.e. RLC ARQ), assuming an RLC AM Status report is sent every 50 ms (configurable), with a  size of few octets, e.g. 32 bits (including RLC/MAC header overhead), this results in a rate of 32/0.05= 640 bit/s



		5.2.3.2.13.3

		Channel access:

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

Initial channel access is typically accomplished via the “random access procedure” (assuming no dedicated/scheduled resources are allocated). 

The random access procedure can be contention based (e.g. at initial connection from idle mode) or non-contention based (e.g. during Handover to a new cell). Random access resources and parameters are configured by the network and signaled to the UE (via broadcast or dedicated signaling).

Contention based random access procedure encompasses the transmission of a random access preamble by the UE (subject to possible contention with other UEs), followed by a random access response (RAR) in DL (including allocating specific radio resources for the uplink transmission). Afterwards, the UE transmits the initial UL message (e.g. RRC connection Request) using the allocated resources, and wait for a contention resolution message in DL (to confirming access to that UE). The UE could perform multiple attempts until it is successful in accessing the channel or until a timer (supervising the procedure) elapses.	

Non-contention based random access procedure foresees the assignment of a dedicated random access resource/preamble to a UE (e.g.  part of an HO command). This avoids the contention resolution phase, i.e. only the random access preamble and random access response messages are needed to get channel access.

From a L1 perspective, a random access preamble is transmitted (UL) in a PRACH, random access response (DL) in a PDSCH, UL transmission in a PUSCH, and contention resolution message (DL) in a PDSCH.





For more details, refer to:[38.300], [38.321] and [38.213]



		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.

Cell selection is based on the following principles:

-	The UE NAS layer identifies a selected PLMN (and equivalent PLMNs, if any);

-	The UE searches the supported frequency bands (RIT specific) and for each carrier frequency it searches and identifies the strongest cell. It reads cell broadcast information to identify its PLMN(s) and other relevant parameters (e.g. related to cell restrictions);

-	The UE seeks to identify a suitable cell; if it is not able to identify a “suitable” cell it seeks to identify an “acceptable” cell. 

-	A cell is “suitable” if: the measured cell attributes satisfy the cell selection criteria (based on DL radio signal strength/quality); the cell belongs to the selected/equivalent PLMN; cell is not restricted (e.g. cell is not barred/reserved or part of "forbidden" roaming areas);

-	An “acceptable” cell is one for which the measured cell attributes satisfy the cell selection criteria and the cell is not barred.

Among the identified suitable (or acceptable) cells, the UE selects the strongest cell, (technically it “camps” on that cell).

As signalled/configured by the radio network, certain frequencies or RITs could be prioritized for camping.





For more details, refer to: [38.300] sub-clause 9.2.1.1 and [38.304] sub-clause 5.2



		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. 

NG RAN provides mechanisms to support or assist the determination of the geographical position of a UE. UE position knowledge can be used for Radio Resource Management, location based services for operators, subscribers, and third party service providers. User plane (U-plane) based solution (SUPL) as well as control plane (C-plane) based techniques are supported and adapted from capabilities already supported for E-UTRAN, UTRAN and GERAN, etc. 

The standard positioning methods supported for NG-RAN access include:

-	network-assisted GNSS methods;

-	observed time difference of arrival (OTDOA) positioning;

-	enhanced cell ID methods;

-	barometric pressure sensor positioning;

-	WLAN positioning;	

-	Bluetooth positioning;

-	terrestrial beacon system (TBS) positioning.

Use of one or more methods from the list above and hybrid positioning using multiple methods is supported using either UE-based, UE-assisted/LMF-based, and NG-RAN node assisted versions.



In future releases, the work on NG-RAN RAT-dependent and RAT-independent positioning solutions is expected to continue and further enrich the location determination mechanisms that may be used to support location based services.



		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).

NR supports overload and access control functionality such as RACH back off, RRC Connection Reject, RRC Connection Release and UE based access barring mechanisms. One unified access control framework as specified in 3GPP TS 22.261 section 6.22 is applied for NR. For each access attempt one Access Category and one or more Access Identities are selected.

NR broadcasts barring control information associated with Access Categories and Access Identities and the UE determines whether an identified access attempt is authorized or not, based on the broadcasted barring information and the selected Access Category and Access Identities. In the case of multiple core networks sharing the same RAN, the RAN provides broadcasted barring control information for each PLMN individually.

The unified access control framework is applicable to all UE states (RRC_IDLE, RRC_INACTIVE and RRC_CONNECTED state).

For NAS triggered requests, the UE NAS determines one access category and access identity(ies) for the given access attempt and provides them to RRC for access control check. The RRC performs access barring check based on the access control information and the determined access category and access identities. The RRC indicates whether the access attempt is allowed or not to NAS layer. The NAS also performs the mapping of the access category and access identity(ies) associated with the access attempt to establishment cause and provides the establishment cause to RRC for inclusion in connection request to enable the gNB to decide whether to reject the request.

For AS triggered request (i.e. RNA update), the RRC determines the resume cause value and the corresponding access category.



		5.2.3.2.17

		Unicast, multicast and broadcast



		5.2.3.2.17.1

		Describe how the RIT/SRIT enables:

–	broadcast capabilities,

–	multicast capabilities,

–	unicast capabilities,

using both dedicated carriers and/or shared carriers. Please describe how all three capabilities can exist simultaneously.

The RIT supports mostly unicast transmission of data to/from users.
Broadcast capabilities pertain to support and transmission of cell-wide system information/parameters, as well as broacast/based emergency services (e.g. public warning messages).



		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?

Multiple services per user can be supported by setting up multiple data radio bearers (DRBs) per user/device. Each radio bearer is characterized by an individual QoS profile/flow. 
Multiple services per user/device can also be supported by mapping multiple services to a single bearer, if the QoS is the same for these services.

The new SDAP sublayer (in the Access Stratum) provides mapping function between (5GC) QoS flows and DRBs.



See more details on QoS in 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 RIT could support various voice and video codecs, as desired. In fact, the radio interface technology (fully IP-based) is mostly agnostic to such codecs, and capable of accommodating diverse range of codec types, rates and operation (fixed/dynamic/adaptive). This enables support for all main codecs used/defined today (e.g. AMR-NB/WB, EVS), as well as the capability to support more enhanced codecs that may be defined in future.



		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. 

NR has made substantial enhancements to subscriber’s privacy compared to earlier generations, see 3GPP TS 33.501. The most important enhancement is the concealment of subscription permanent identifier over-the-air. This feature is mainly aimed against the active attacker. Another enhancement is the guaranteed regular refreshment of subscription temporary identifier. This feature is mainly aimed against the passive attacker. Yet another effort is description of a device-assisted network-based framework for false base station detection. This feature can be used to thwart denial-of-service kind of attackers.



The new features in NR, e.g., multi connectivity, and deploying a single base station as two split units, also help improve resilience of the radio access network.



Authentication/authorization in NR builds on strong cryptographic primitives and security characteristics that already existed in LTE-Advanced. On top of this, NR has made great improvement by introduction of the flexible authentication framework for both the 3GPP and external network. Even further, NR has significantly reduced the risk of fraud against the subscribers.



NR includes protection against eavesdropping, modification, and replay attacks. The strong and well-proven security algorithms from the LTE-Advanced system are reused. Signalling traffic is encrypted and integrity protected. User plane traffic is encrypted and can be integrity protected. This integrity protection of user plane traffic is a new enhancement in NR.



All the enhancements in NR are made while simultaneously complying with regulatory duties. Legal intercept is provided by core network functions.



		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.

1008 physical cell identities are supported. Thus, theoretically 1008-cell reuse is realized. In the case of NR operating with a TDD carrier and an SUL carrier, the cell identity is the same. In the case of NR operating with carrier aggregation, the cell identities are allocated to each of the aggregated carrier.

Actual cell deployment is operation specific. Self configuration can be also supported.



		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.

The RIT has been designed with the aim to minimize the always-on signals to reduce the interference in the system. This is achieved by:

· Support longer periodicities for synchronization signals, broadcast channels and periodic reference signals

· Use UE-specific demodulation reference signals for control and data that are only transmitted when control and/or data is being transmitted

· Control channel resource allocation in the frequency domain is configurable to reduce the interference to control channels in neighbouring cells

Coordinated multipoint transmission/reception (CoMP) is another approach supported by the RIT to mitigate interference between cells and improve system performance by dynamic coordination in the scheduling/transmission and/or joint transmission between/from multiple cell sites.



		5.2.3.2.20.2

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

The information will be provided in later update.





		5.2.3.2.20.3

		Link level interference mitigation

Describe the feature or features used to mitigate intersymbol interference.

Time and frequency synchronization to the DL and UL frame structures in combination with the use of a cyclic prefix OFDM transmission in both UL(with or without transform precoding)  and DL, provides robustness against intersymbol interference.



See also answer to 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 OFDM transmission in both UL and DL, in combination with a cyclic prefix, provides inherent robustness to time-dispersion/frequency-selectivity on the radio channel. 

In case of transform precoding in the UL, time-dispersion/frequency-selectivity on the radio channel can be handled by receiver-side equalization.



		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.

The RIT provides the following means for diversity: 

· Space diversity by means of multiple transmit and receiver antennas and beamforming

· Number of TX-antenna ports: This is a deployment choice, but for the purpose of multi-layer transmissions up to 12 downlink and up to 4 uplink antenna ports have been defined where the mapping of ports to physical antennas is an implementation issue

· Number of RX antenna ports: Implementation specific 

· Frequency diversity by means of wide overall transmission bandwidth and possibility for uplink frequency hopping and uplink and downlink frequency-distributed transmissions

· Time diversity by means of fast retransmissions with hybrid ARQ protocol allowing combining of the retransmissions with the original transmission

· Multi-user diversity by means of channel-aware scheduling



		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.

Common general aspects

Tight BS-to-BS synchronization is not required. Likewise, tight BS-to-network synchronization is not required.

The BS shall support a logical synchronization port for phase-, time- and/or frequency synchronization, e.g. to provide.

· accurate maximum relative phase difference for all BSs in synchronized TDD area

· continuous time without leap seconds traceable to common time reference for all BSs in synchronized TDD area;

· FDD time domain inter-cell interference coordination.

Furthermore, common SFN initialization time shall be provided for all BSs in synchronized TDD area.

A certain RAN-CN Hyper SFN synchronization is required in case of extended Idle mode DRX.

Some accuracy requirements

BS transmit signals accuracy:	

· Frequency accuracy (wide area BS): within ±0.05 ppm, observed over 1ms

· Timing accuracy: time alignment error (TAE) is within 65 ns for single carrier (MIMO or TX div), 260 ns for intra-band contiguous carrier aggregation, 3µs for intra-band non-contiguous and inter-band CA.

Cell phase synchronization accuracy:

· The cell phase synchronization accuracy measured at BS antenna connectors shall be better than 3 µs.

For more information please refer to [38.401], [38.133], [38.104].



		5.2.3.2.21.2

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

Cell search is the procedure by which a UE acquires time and frequency synchronization with a cell and detects the physical layer Cell ID of that cell. A UE receives the following synchronization signals (SS) in order to perform cell search: the primary synchronization signal (PSS) and secondary synchronization signal (SSS). PSS is used (at least) for initial symbol boundary, cyclic prefix, sub frame boundary, initial frequency synchronization to the cell. SSS is used for radio frame boundary identification. PSS and SSS together used for cell ID detection. 

Other synchronization mechanisms are defined e.g. for Radio link monitoring, Transmission timing adjustments, Timing for cell activation / deactivation.

See more information in [38.213] sub-clause 4 and [38.211] sub-clause 7.4.2.



		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 will be provided with link budget template in a later update.



		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).

This proposal targets to support a wide range of services across the diverse usage scenarios including eMBB, URLLC, and mMTC envisaged in Recommendation ITU-R M.2083.

The example services supported by this proposal include the services defined in Recommendation ITU-R M.1822, [22.261], and other services, such as

·    eMBB services including conversational services (including basic/ rich conversational services, low delay conversational services), interactive (with high and low delay) services, streaming (live/non-live) services, and other high data rate services; for stationary users, pedestrian users, to high speed train/vehicle users. 

·    URLLC services including transportation safety, smart grid, mobile health application, wireless industry automation, etc.

·    mMTC services including smart city, smart home applications, and other machine-type communication (also known as Machine-to-Machine (M2M)) services.



		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).

NR is capable of deploying a range of services across different usage scenarios. While the specification does not match any physical layer functionality to any service, different components can benefit different services in specific usage scenarios. 

Specifically, the following low latency structures cater especially to the URLLC services

-          Front loaded DMRS allows for the channel estimate to be ready before the full data block is received

-          Frequency-first mapping of data bits to physical resources allows for the channel decoder to operate in a pipelined fashion, starting to decode the data block immediately when the first symbol has been received

-          Very tight UE processing time budget especially targeted for ultra-low latency device types

-          Very short scheduling interval achieved with both high subcarrier spacing (short symbol duration) and the possibility to schedule short time intervals only

-       At least an UL transmission scheme without scheduling grant is supported to reduce UL latency.

	

mMTC services can benefit from the following components

-          DFT-spreading and Pi/2 BPSK modulation for reduced PAPR and increased average Tx power for better coverage

-          Slot aggregation for both control and data for better coverage	

-          High-aggregation level downlink control for better coverage

-          RRC inactive state for optimized signalling overhead when moving to active state

-          Extended DRX cycle for RRC active state to improve battery life

-          Support for narrow-band (low-cost) UEs within a wide-band carrier

URLLC, eMBB and mMTC services can coexist within the same spectrum in both time and frequency domain in multiplexed manner. URLLC can pre-empt ongoing eMBB/mMTC transmissions, if necessary, and URLLC services can be mapped to e.g. a shorter allocation duration for lower latency by small number of scheduled symbols, as well as by using higher sub-carrier spacing and thus allocation duration for the same number of scheduled symbols, while eMBB services can be mapped to do the opposite. Different sub-carrier spacings and scheduling interval durations that are appropriate to the desired service type (e.g., different latency and data rate requirements) can coexist in a single carrier with no need for fixed divisions within the carrier, by e.g., using spectral refinement techniques such as filtering, windowing, etc. with the designated waveforms for NR.







		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.

The information will be provided in later update



		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.

 Network energy efficiency

The fundamental always-on transmission that must take place is the periodic SS/PBCH block. The SS/PBCK block is used for the UE to detect the cell, obtain basic information of it on PBCH, and maintain synchronization to it.  The duration, number and frequency of the SS/PBCH block transmission depends on the network setup. For the purposes of blind initial access the UE may assume that there is an SS/PBCH block once every 20 ms. If the network is configured to transmit the SS/PBCH block less frequently, that will improve the network energy efficiency at the cost of increased the initial cell detection time, but after the initial connection has been established, the UE may be informed of the configured SS/PBCH block periodicity in the cell from set of {5, 10, 20, 40, 80, 160} ms. If the cell set up uses analogue beamformer component, it may provide several SS/PBCH blocks multiplexed in time-domain fashion within one SS/PBCH block period. 

Remaining minimum system information carried over SIB1 needs to be broadcast at least in the cells in which the UEs are expected to be able to set up the connection to the network. There is no specific rate at which the SIB1 needs to be repeated in the cell, and once the UE acquires the SIB1, it does not need to read it again. SIB1 could be time or frequency multiplexed with the SS/PBCH block. In the frequency multiplexing case, there would be no additional on-time for the gNB transmitter. In the time multiplexing case, having a lower rate for SIB1 than for SS/PBCH block would suffice at least for higher SS/PBCH repetition frequencies.

The sleep ratio under the above mechanism is evaluated in TR37.910.

	

Device energy efficiency	

Multiple features facilitating device energy efficiency have been specified for NR Rel-15.



Discontinuous reception (DRX) inRRC_CONNECTED, RRC_INACTIVE and RRC_IDLEWhen DRX is configured, the UE does not have to continuously monitor PDCCH for scheduling or paging messages, but it can remain sleeping. DRX is characterized by the following:

· on-duration: duration that the UE waits for, after waking up, to receive PDCCHs. If the UE successfully decodes a PDCCH, the UE stays awake and starts the inactivity timer;

· inactivity-timer: duration that the UE waits to successfully decode a PDCCH, from the last successful decoding of a PDCCH, failing which it can go back to sleep. The UE shall restart the inactivity timer following a single successful decoding of a PDCCH for a first transmission only (i.e. not for retransmissions);

· retransmission-timer: duration until a retransmission can be expected;

· DRX cycle: specifies the periodic repetition of the on-duration followed by a possible period of inactivity (see figure below).





Figure: DRX Cycle



Bandwidth part (BWP) adaptation

With dynamic bandwidth part adaptation, the UE can fall-back to monitoring the downlink and transmitting the uplink over a narrower bandwidth than the nominal carrier bandwidth used for high data rate transactions. This allows the UEs BB-RF interface to operate with a much lower clock rate and thus reduce energy consumption. Lower data rate exchange can still take place so that there is no need to resume full bandwidth operation just for exchanging network signalling messages or always-on packets of applications. The UE can be moved to the narrow BWP by gNBs transmitting a BWP switch bit on the scheduling DCI on the PDCCH, or based on an inactivity timer. UE can be moved back to the full bandwidth operation at any time by the gNB with the BWP switch bit.



RRC_INACTIVE state

The introduction of RRC-inactive state to the RRC state machine allows for the UE to maintain RRC connection in an inactive state while having the battery saving characteristics of the Idle mode. This allows for maintaining the RRC connection also when the UE is inactive for longer time durations, and avoid the signalling overhead and related energy consumption needed when the RRC connection is re-established from Idle mode.

[image: ]

Figure: NR RRC state machine

Pipelining frame structure enabling micro-sleep within slots in which the UE is not scheduled

The fact that the typical data transmission employs a control channel in the beginning of the slot, and the absence of the continuous reference signal to receive for channel estimate maintenance allows for the UE to determine early on in the slot whether there is a transmission to it, and if there is no data for it to decode, it may turn off its receiver until the end of the slot.







		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. NR supports the use of the following mechanisms to improve the coverage

· NR can use DFT-spreading and Pi/2 BPSK modulation to reduce PAPR and increase average Tx power for better coverage

· NR can use very low coding rate for better coverage.

· Slot aggregation for both control and data can be used for better coverage

· High-aggregation level (up to 16) downlink control is possible for better coverage

· Lower-band supplementary uplink carrier can be used with higher band TDD carrier such that coverage limited users can be allocated on SUL carrier to improve the uplink coverage.

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

NR also supports the use of different types of repeater (amplify-and-forward) functionality. However, the details of such functionality is outside the scope of the specification as the use of repeaters is transparent to both the UE and the network.



		5.2.3.2.26.2

		Self-organisation 

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

Support for Self Organizing Networks is an integrated part of NR. Two use cases that could benefit from SON have been introduced in the Release 15 and the work is continuing. 

NR currently supports the following Self-Organizing Network (SON) functions: (Details are provided in [38.300], [38.413], [38.423], [38.331])

–	Automatic neighbor discovery: the mechanism allows an gNB to learn information on its neighbors. The discovery mechanism can utilize the assistance of the UE (aka ANR funtion [38.300, Sec. 15.3.3]) as well as the exchange of information over the network interfaces ([38.423; Sec 8.4.1, 8.4.2, 9.1.3.1, 9.1.3.2, 9.1.3.4, 9.1.3.5] as well as the radio resource control information [38.331; Sec 5.5.2, 6.3.2]).

–	Xn-C TNL address discovery: the mechanism allows a gNB to determine the TNL address on its neighbors candidate gNB. The discovery mechanism can utilize of the ANR function (aka ANR funtion [38.300, Sec. 15.3.4]) as well as the exchange of information over the network interfaces ([38.413; Sec8.8.1, 8.8.2, 9.2.7.1, 9.2.7.2 ).



		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.

The information will be provided in later update.



		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.



UE: 	

For Frequency Range 1 (FR1) UE:

For single-component-carrier transmission the spectrum mask is specified in terms of a normative (general) spectrum emission mask [38.101-1, section 6.5.2.2] and an additional spectrum mask [38.101-1, section 6.5.2.3]. This additional spectrum emission mask which is signaled by the network to the UE as a normative requirement can be used to address a specific regional regulatory requirement, a frequency band specific requirement, a roaming requirement and a specific deployment  scenario. 

 This additional spectrum emission mask can be used to support the many different sharing requirements in terms of co-existence for a global roaming terminal.

For transmission of intra-band Carrier Aggregation appropriate spectrum mask are expected to be set.



For Frequency Range 2 (FR2) UE:

For single-component-carrier transmission the spectrum mask is specified in terms of a normative (general) spectrum emission mask [38.101-2, section 6.5.2.1]. The additional spectrum emissions mask is to be set.

For transmission of Carrier Aggregation appropriate spectrum mask requirements are defined in [38.101-2, section 6.5A.2.1] .



BS: 

[bookmark: _Hlk496084370]For single-component-carrier transmission and transmission of aggregated component-carriers the radiated spectrum mask requirements are defined in [38.104], section 6.6.4. in form of OTA out-of-band emissions     limits. The unwanted emission limits in the part of the downlink operating band that falls in the spurious domain are consistent with ITU-R Recommendation SM.329.

For single-component-carrier transmission and transmission of aggregated component-carriers the conducted spectrum mask requirements are defined in [38.104], section 9.7.4.2 for for BS type 1-O and section 9.7.4.3 for BS type 2-O. in form of OTA out-of-band emissions.



		5.2.3.2.26.6

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

 Multiple features facilitating device power saving have been specified for NR Rel-15, including Discontinuous reception (DRX) inRRC_CONNECTED, RRC_INACTIVE and RRC_IDLE, Bandwidth part (BWP) adaptation, RRC_INACTIVE state, and Pipelining frame structure enabling micro-sleep within slots in which the UE is not scheduled. Details can be found in item 5.2.3.2.25.



		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

 NR supports the following set of features for providing long battery life:

-            A configurable transmission and reception bandwidth for limiting the device modem power consumption.

-            DFT-spread OFDM modulation for limiting the peak to average ratio of the uplink waveform and increasing the device power amplifier efficiency.

-            Uplink power control which allows the device to adapt its transmit power to the actual radio environment.

-            Connected mode DRX cycles for reducing the device power consumption while in RRC Active state.

-            Measurement rules for reducing the RRC idle mode RRM activities.

-            Resumption of a previous connection for minimizing the control signalling when initiating a mobile originated or terminated data transmission.



		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.

NR supports the following set of features for providing low latency when waking up from its most “battery efficient” state:

-     Resumption of a previous connection for minimizing the control signalling, and the connection setup latency, when initiating a mobile originated or mobile terminated data transmission.



		[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).

The information will be provided in later update.



		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).

The information will be provided in later update.



		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).

The information will be provided in later update.



		5.2.3.2.27

		Other information

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

The submitted RIT includes enhancements based on the Indian requirements and Technologies. The differences between the proposed RIT and the 3GPP standard are highlighted in Appendix1. 



Additional information will be provided in later update, if any
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Appendix1



The RIT proposed by TSDSI is building on the 3GPP 5G NR standard and providing enhancements through appropriate modifications of the 3GPP 38 series.  In this Appendix, we provide the summary of the changes and the exact changes in the 38 Series.  

1. Bandwidth part selection

2. Values of scheduled bandwidth for mapping UL PTRS with transform precoding

3. Fast SRS precoding

4. Non-precoded DMRS for PI/2 BPSK and other enhancements

Additional changes may be provided by Meeting #32.





Band width part selection

Documents effected

1. 38.331

2. 38.214



The following changes are proposed:



		Text Changes to 38 Series



……………………………………………………………………………………………………………………………………….



Modification to 38.331-f10

……………………………………………………………………………………………………………………………………….



Modify the BWP-IE in section 6.3.2 as follows



(Changes are highlighted and italicized)



LocationAndBandwidthAsRBG ::= 					SEQUENCE {



    -- row index corresponding to RBG Sizes from the set {2,4,8,16}

    rbgIndex			    INTEGER (0..3),  

    -- number of complete RBGs in the BWP

    s1			        INTEGER (0..18),

    -- Frequency domain location and residual RBs of this bandwidth part defined commonly in a table (FFS_Section). The location is given as 

	-- distance (in number of RBGs) to point A (absoluteFrequencyPointA in FrequencyInfoDL). 

	-- Corresponds to L1 parameter 'DL-BWP-loc'. (see 38.211, section FFS_Section).		

	-- In case of TDD, a BWP-pair (UL BWP and DL BWP with the same bwp-Id) must have the same location (see 38.211, section REF)

    s2AndLocation		INTEGER (0..511)

}



[bookmark: _Hlk493885487]-- Generic parameters used in Uplink- and Downlink bandwidth parts

BWP ::= 					SEQUENCE {





    locationAndBandwidthConfig  					CHOICE {



    locationAndBandwidthAsRBG       LocationAndBandwidthAsRBG

    -- Frequency domain location and bandwidth of this bandwidth part defined commonly in a table (FFS_Section). The location is given as 

	-- distance (in number of PRBs) to point A (absoluteFrequencyPointA in FrequencyInfoDL). 

	-- Corresponds to L1 parameter 'DL-BWP-loc'. (see 38.211, section FFS_Section).		

	-- In case of TDD, a BWP-pair (UL BWP and DL BWP with the same bwp-Id) must have the same location (see 38.211, section REF)

	locationAndBandwidth			INTEGER (0..37949),                               



    }

	-- Subcarrier spacing to be used in this BWP for all channels and 

	-- reference signals unless explicitly configured elsewhere.

	-- Corresponds to subcarrier spacing according to 38.211, Table 4.2-1. 

	-- The value kHz15 corresponds to µ=0, kHz30 to µ=1, and so on. Only the values 15 or 30 kHz  (<6GHz), 60 or 120 kHz (>6GHz) are 

	-- applicable.

	subcarrierSpacing				SubcarrierSpacing,

[bookmark: _Hlk503891113]	-- Indicates whether to use the extended cyclic prefix for this bandwidth part. If not set, the UE uses the normal cyclic prefix. 

	-- Normal CP is supported for all numerologies and slot formats. Extended CP is supported only for 60 kHz subcarrier spacing. 

	-- (see 38.211, section 4.2.2)

	cyclicPrefix					ENUMERATED { extended }								OPTIONAL	-- Need R

}



……………………………………………………………………………………………………………………………………….



Modification to 38.214-f10

……………………………………………………………………………………………………………………………………….



Modify section 5.1.2.2.1 as follows



(Changes are highlighted in red color)



In downlink resource allocation of type 0, the resource block assignment information includes a bitmap indicating the Resource Block Groups (RBGs) that are allocated to the scheduled UE where a RBG is a set of consecutive virtual resource blocks. If higher layer parameter locationAndBandwidth is selected, RBG is defined by higher layer parameter rbg-Size configured for PDSCH and the size of the carrier bandwidth part as defined in Table 5.1.2.2.1-1.

Table 5.1.2.2.1-1: Nominal RBG size P

		Bandwidth Part Size

		Configuration 1

		Configuration 2



		1 – 36

		2

		4



		37 – 72

		4

		8



		73 – 144

		8

		16



		145 – 275

		16

		16







If higher layer parameter locationAndBandwidthAsRBG is selected, RBG is defined by higher layer parameter rbg-Size configured for PDSCH and the rbgIndex configured for the carrier bandwidth part as defined in Table 5.1.2.2.1-2.

Table 5.1.2.2.1-2: Nominal RBG size P

		rbgIndex

		Configuration 1

		Configuration 2



		0

		2

		4



		1

		4

		8



		2

		8

		16



		3

		16

		16









Modify section 6.1.2.2.1 as follows



In uplink resource allocation of type 0, the resource block assignment information includes a bitmap indicating the Resource Block Groups (RBGs) that are allocated to the scheduled UE where a RBG is a set of consecutive virtual resource blocks. If higher layer parameter locationAndBandwidth is selected, RBG is defined by higher layer parameter rbg-Size configured for PUSCH and the size of the carrier bandwidth part as defined in Table 6.1.2.2.1-1.

Table 6.1.2.2.1-1: Nominal RBG size P

		Carrier Bandwidth Part Size

		Configuration 1

		Configuration 2



		1 – 36 

		2

		4



		37 – 72

		4

		8



		73 – 144

		8

		16



		145 – 275

		16

		16





If higher layer parameter locationAndBandwidthAsRBG is selected, RBG is defined by higher layer parameters rbg-Size configured for PUSCH and the rbgIndex configured for the carrier bandwidth part as defined in Table 6.1.2.2.1-2.

Table 6.1.2.2.1-2: Nominal RBG size P

		rbgIndex

		Configuration 1

		Configuration 2



		0

		2

		4



		1

		4

		8



		2

		8

		16



		3

		16

		16





















Values of scheduled bandwidth for mapping UL PTRS with transform precoding



Documents effected

1. 38.211

2. 38.214



Proposed Changes

38.211

The UE shall transmit phase-tracking reference signals only in the resource blocks used for the PUSCH, and only if the procedure in [6, TS 38.214] indicates that phase-tracking reference signals are being used.









The sequenceshall be multiplied by and mapped to complex valued symbols in where





-	are the complex-valued symbols in OFDM symbol  before transform precoding according to Subclause 6.3.1.4









-	depends on the number of PT-RS groups, the number of samples per PT-RS group, and  according toTable 6.4.1.2.2.2-1. 





The values of  and  are determined based on Table 6.4.1.2.2.2-2.

Table  6.4.1.2.2.2-2: Threshold values of scheduled BW (NRBi, i=0,1,2,3,4,5)

		Config0

		Config1



		NRB0 = 0

		NRB0 = 0



		NRB1 = 8

		NRB1 = NRB2 = 24



		NRB2 = NRB3 = 24

		NRB3 = NRB4 = 96



		NRB4 = 96

		

















Threshold values in Config0 is selected when transmit MCS <10, while threshold values in Config1 is selected when transmit MCS ≥ 10.

38.214

When transform precoding is enabled and if a UE is configured with the higher layer parameter UL-PTRS-present-transform-precoding,

 -    theUE shall be configured with the higher layer parameters sampleDensityand the UE shall assume if  the UE is configured with higher layer parameters sampleDensity, the UE shall assume the PT-RS antenna ports' presence and PT-RS group pattern are a function of the corresponding scheduled bandwidth in a corresponding bandwidth part, as shown in Table 6.2.3.2-1. 

 -    if the UE is not configured with the higher layer parameters sampleDensity,  the threshold values of scheduled bandwidth, i.e., (NRBi, i=0,1,..4) are based on  Table 6.4.1.2.2.2-2 in [1, TS 38.211] and the UE shall assume the PT-RS antenna ports' presence and PT-RS group pattern are a function of the corresponding scheduled bandwidth in a corresponding bandwidth part, as shown in Table 6.2.3.2-1.

  -   if the higher layer parameter MCS_Enable is set, then UE shall assume NRB2 = NRB1 and NRB4 = NRB3.

      The UE shall assume no PT-RS is present when the number of scheduled RBs is less than or equal to NRB0 if NRB0> 0 or if the RNTI equals TC-RNTI.



III  Changes suggested in PTRS-UplinkConfig information element in Section 6.3.2 in TS 38.331 (shown in RED)

PTRS-UplinkConfig information element

-- ASN1START

-- TAG-PTRS-UPLINKCONFIG-START



PTRS-UplinkConfig ::= 					SEQUENCE { 



	modeSpecificParameters					CHOICE {

		-- Configuration of UL PTRS for CP-OFDM

		cp-OFDM									SEQUENCE {

			-- Presence and  frequency density of UL PT-RS for CP-OFDM waveform as a function of scheduled BW 

			-- If the field is absent, the UE uses K_PT-RS = 2.

			-- Corresponds to L1 parameter 'UL-PTRS-frequency-density-table' (see 38.214, section 6.1)

			frequencyDensity						SEQUENCE (SIZE (2)) OF INTEGER (1..276)		OPTIONAL,	-- Need S

			-- Presence and time density of UL PT-RS for CP-OFDM waveform as a function of MCS 

				-- If the field is absent, the UE uses L_PT-RS = 1.

			-- Corresponds to L1 parameter 'UL-PTRS-time-density-table' (see 38.214, section 6.1)

			timeDensity								SEQUENCE (SIZE (3)) OF INTEGER (0..29)		OPTIONAL, 	-- Need S

			-- The maximum number of UL PTRS ports for CP-OFDM. 

			-- Corresponds to L1 parameter 'UL-PTRS-ports' (see 38.214, section 6.2.3.1)

			maxNrofPorts								ENUMERATED {n1, n2},

			-- Indicates the subcarrier offset for UL PTRS for CP-OFDM. 

			-- Corresponds to L1 parameter 'UL-PTRS-RE-offset' (see 38.214, section 6.1)

			resourceElementOffset					ENUMERATED {offset01, offset10, offset11 }			OPTIONAL,	-- Need S

			-- UL PTRS power boosting factor per PTRS port. Corresponds to L1 parameter 'UL-PTRS-power' (see 38.214, section 6.1, table 6.2.3-5)

			ptrs-Power								ENUMERATED {p00, p01, p10, p11}

		},

		-- Configuration of UL PTRS for DFT-S-OFDM. 

		dft-S-OFDM								SEQUENCE {

			-- Sample density of PT-RS for DFT-s-OFDM, pre-DFT, indicating a set of thresholds T={NRBn,n=0,1,2,3,4},

			-- that indicates dependency between presence of PT-RS and scheduled BW and the values of X and K the UE should 

			-- use depending on the scheduled BW according to the table in 38.214 FFS_Section. 

			-- Corresponds to L1 parameter 'UL-PTRS-pre-DFT-density' (see 38.214, section 6.1, 6.2.3-3)

			sampleDensity						SEQUENCE (SIZE (5)) OF INTEGER (1..276), OPTIONAL,	--

			-- Time density (OFDM symbol level) of PT-RS for DFT-s-OFDM. If the value is absent, the UE applies value d1.

			-- Corresponds to L1 parameter 'UL-PTRS-time-density-transform-precoding' (see 38.214, section 6.1)

			timeDensity							ENUMERATED {d2}	          OPTIONAL	-- Need S

     

            MCS_Enable                           BOOLEAN               OPTIONAL        

		}

	}																													OPTIONAL,	-- Cond M

	...

}



-- TAG-PTRS-UPLINKCONFIG-STOP

-- ASN1STOP





Fast SRS precoding



Documents effected

1. 38.331

2. 38.214





38.214 

6.1.1.2	Non-Codebook based UL transmission

[bookmark: _Hlk494787623]For non-codebook based transmission, the UE can determine its PUSCH precoder and transmission rank based on the wideband SRI when multiple SRS resources are configured, where the SRI is given by the SRS resource indicator in DCI according to subclause 7.3.1.1.2 of [5, 38.212], or the SRI is given by srs-ResourceIndicator according to subclause 6.1.2.3. The UE shall use one or multiple SRS resources for SRS transmission, where the number of SRS resources which can be configured to the UE for simultaneously transmission in the same RBs is a UE capability. Only one SRS port for each SRS resource is configured. Only one SRS resource set can be configured with higher layer parameter usage in SRS-ResourceSet set to 'nonCodebook'. The maximum number of SRS resources that can be configured for non-codebook based uplink transmission is 4. The indicated SRI in slot n is associated with the most recent transmission of SRS resource identified by the SRI, where the SRS resource is prior to the PDCCH carrying the SRI before slot n.

For non-codebook based transmission, the UE can calculate the precoder used for the transmission of precoded SRS based on measurement of an associated NZP CSI-RS resource. A UE can be configured with only one NZP CSI-RS resource for the SRS resource set with higher layer parameter usage in SRS-ResourceSet set to 'nonCodebook'.

[bookmark: _Hlk515954588]-   If aperiodic SRS resource set is configured, the associated NZP-CSI-RS for UL channel measurement is indicated via SRS request field in DCI format 0_1 and 1_1, where AperiodicSRS-ResourceTrigger (indicating the association among aperiodic SRS triggering state), triggered SRS resource(s) srs-ResourceSetId, csi-RS (indicating the associated NZP-CSI-RS-ResourceId for UL channel measurement) are higher layer configured in SRS-ResourceSet. A UE is not expected to update the SRS precoding information if the gap from the last symbol of the reception of the aperiodic NZP-CSI-RS resource and the first symbol of the aperiodic SRS transmission including the effect of timing advance is less than SRS Precoding Configuration Delay42 OFDM symbols. If srs-precoding-delay in SRS-Config is configured by higher layer to low, then SRS Precoding Configuration Delay is given as in Table 6.1.1.2-1 else it is 42 OFDM symbols.

-	If the UE configured with aperiodic SRS associated with aperiodic NZP CSI-RS resource, the presence of the associated CSI-RS is indicated by the SRS request field if the value of the SRS request field is not '00' as in Table 7.3.1.1.2-24 of [5, TS 38.212]. The CSI-RS is located in the same slot as the SRS request field, while any of the tci-States for aperiodic CSI-RS shall not be configured with 'QCL-Type-D'.

-	If periodic or semi-persistent SRS resource set is configured, the NZP-CSI-RS-ResourceConfigID for measurement is indicated via higher layer parameter associatedCSI-RS in SRS-ResourceSet.



Table 6.1.1.2-1: SRS Precoding Configuration Delay

		µ

		Delay in number of OFDM symbols



		0

		4



		1

		7



		2

		14



		3

		29







38.331 



SRS-ResourceSet ::= 					SEQUENCE {

	srs-ResourceSetId						SRS-ResourceSetId,

	srs-ResourceIdList						SEQUENCE (SIZE(1..maxNrofSRS-ResourcesPerSet)) OF SRS-ResourceId		OPTIONAL,	-- Cond Setup



	resourceType							CHOICE {

		aperiodic								SEQUENCE {

			aperiodicSRS-ResourceTrigger			INTEGER (1..maxNrofSRS-TriggerStates-1),

			csi-RS									NZP-CSI-RS-ResourceId						OPTIONAL, 	-- Cond NonCodebook

			slotOffset								INTEGER (1..32)								OPTIONAL,	-- Need S

srs-precoding-delay                        INTEGER(0..1)     OPTIONAL,              

			...

		},

		semi-persistent							SEQUENCE {

			associatedCSI-RS						NZP-CSI-RS-ResourceId											OPTIONAL, -- Cond NonCodebook

			...

		},

		periodic								SEQUENCE {

			associatedCSI-RS						NZP-CSI-RS-ResourceId											OPTIONAL, -- Cond NonCodebook

			...

		}

	},





		SRS-Resource field descriptions



		srs-precoding-delay 
If the field value is low (0), then the precoding delays are considered from the table (see 38.214, section 6.1.1.2)



		cyclicShift-n2

Cyclic shift configuration. Corresponds to L1 parameter 'SRS-CyclicShiftConfig' (see 38.214, section 6.2.1)



		cyclicShift-n4

Cyclic shift configuration. Corresponds to L1 parameter 'SRS-CyclicShiftConfig' (see 38.214, section 6.2.1)











Precoding for pi/2 BPSK waveform and other enhancements





In this section, we describe the list of changes submitted over and top of the 15.3 version of the 3GPP 5G NR 38 series specifications.

The list of changes includes modifications to the following specifications – 

a) 38211 (RAN1)

b) 38213 (RAN1)

c) 38306 (RAN2)

d) 38331(RAN2)

e) 38101-1(RAN4)

f) 38101-2(RAN4)

The section numbers and the content changed are mentioned below. The modified content is highlighted in red color.



38.211



6.3.1.4	Transform precoding

If transform precoding is not enabled according to 6.1.3 of [6, TS38.214],  for each layer .

If transform precoding is enabled according to 6.1.3 of [6, TS38.214],  and  depends on the configuration of phase-tracking reference signals.

If the procedure in [6, TS 38.214] indicates that phase-tracking reference signals are not being used, the block of complex-valued symbols  for the single layer  shall be divided into  sets, each corresponding to one OFDM symbol and . 

If the procedure in [6, TS 38.214] indicates that phase-tracking reference signals are being used, the block of complex-valued symbols  shall be divided into sets, each set corresponding to one OFDM symbol, and where set  contains  symbols and is mapped to the complex-valued symbols  corresponding to OFDM symbol  prior to transform precoding, with  and . The index  of PT-RS samples in set , the number of samples per PT-RS group , and the number of PT-RS groups  are defined in clause 6.4.1.2.2.2. The quantity  when OFDM symbol  contains one or more PT-RS samples, otherwise . 

When π/2-BPSK is enabled for PUCCH/PUSCH transmission by higher layer parameters, the complex valued symbols, the complex-valued symbols  are precoded to create new symbols  ,  and the transform precoding shall be applied according to



resulting in a block of complex-valued symbols . The variable, where  represents the bandwidth of the PUSCH in terms of resource blocks, and shall fulfil

	[image: ]

where  is a set of non-negative integers. 

For other modulation schemes, i.e., when π/2-BPSK is not enabled for PUCCH/PUSCH transmission by higher layer parameters transform precoding shall be applied according to



	







resulting in a block of complex-valued symbols . The variable, where  represents the bandwidth of the PUSCH in terms of resource blocks, and shall fulfil

	[image: ]



where  is a set of non-negative integers. 

6.4.1.1.1.2	Sequence generation when transform precoding is enabled

If transform precoding for PUSCH is enabled, the reference-signal sequence  shall be generated according to





where  is given by clause 5.2.2 with  and  for a PUSCH transmission dynamically scheduled by DCI.

The sequence group [image: ], where [image: ] is given by

-	 if  is configured by the higher-layer parameter nPUSCH-Identity in the DMRS-UplinkConfig IE and the PUSCH is not a msg3 PUSCH according to clause 8.3 in [5, TS 38.213].

-	 otherwise

where [image: ] and the sequence number  are given by:

-	if neither group, nor sequence hopping shall be used

	[image: ]

-	if group hopping but not sequence hopping shall be used 

	[image: ]

	where the pseudo-random sequence  is defined by clause 5.2.1 and shall be initialized with [image: ] at the beginning of each radio frame

-	if sequence hopping but not group hopping shall be used

	[image: ]

	where the pseudo-random sequence  is defined by clause 5.2.1 and shall be initialized with [image: ] at the beginning of each radio frame 

The quantity  above is the OFDM symbol number except for the case of double-symbol DMRS in which case  is the OFDM symbol number of the first symbol of the double-symbol DMRS. 

If transform precoding is enabled according to 6.1.3 of [6, TS38.214], and when π/2-BPSK is enabled for PUSCH transmission by higher layer parameters, the reference signals remain un-filtered and  is configurable to adjust the relative power level of the reference signal with respect to the PUSCH data. For other modulation schemes, .



[bookmark: _Toc524610272][bookmark: _Hlk535225542]6.4.1.3.3	Demodulation reference signal for PUCCH formats 3 and 4

[bookmark: _Toc524610273]6.4.1.3.3.1	Sequence generation

The reference-signal sequence  shall be generated according to



where  is given by clause 6.3.2.6.3 and  is given by clause 6.3.2.2. 

The cyclic shift  varies with the symbol number and slot number according to clause 6.3.2.2.2 with [image: ] for PUCCH format 3 and obtained from Table 6.4.1.3.3.1-1 with the orthogonal sequence index  given by clause 6.3.2.6.3 for PUCCH format 4.

If transform precoding is enabled according to 6.1.3 of [6, TS38.214], and when π/2-BPSK is enabled for PUCCH format 3 and 4 transmission by higher layer parameters, the reference signals remain un-filtered and  is configurable. For other modulation schemes, 



38.213

[bookmark: _Toc525657949]9.2.2	PUCCH Formats for UCI transmission

…..

A number of DMRS symbols for a PUCCH transmission using PUCCH format 3 or 4 is provided by higher layer parameter additionalDMRS. 

/2-PBSK is used, instead of QPSK, for a PUCCH transmission using PUCCH format 3 or 4 if higher layer parameter pi2BPSK is enabled.

38.214

[bookmark: _Toc525748116]6.1.4.1	Modulation order and target code rate determination

…..

For Table 6.1.4.1-1 and Table 6.1.4.1-2, if higher layer parameter PUSCH-tp-pi2BPSK is enabled, q = 1 otherwise q=2.



38.306

The support for pi2BPSK modulation for PUCCH and PUSCH is made mandatory for both FR1 and FR2 bands,

		Definitions for parameters

		Per

		M

		FDDTDD

DIFF

		FR1

FR2

DIFF



		pucch-F3-4-HalfPi-BPSK

Indicates whether the UE supports pi/2-BPSK for PUCCH format 3/4.

		UE

		Yes

		No

		No



		pusch-HalfPi-BPSK

Indicates whether the UE supports pi/2-BPSK for PUSCH. 

		UE

		Yes

		No

		No







38.331

Earlier it was optional and only if the field is present, then the UE depending on the capability it is used. Now the parameter pi2BPSK is made mandatory.

PUCCH-Config

The IE PUCCH-Config is used to configure UE specific PUCCH parameters (per BWP).

PUCCH-Config information element

-- ASN1START

-- TAG-PUCCH-CONFIG-START



PUCCH-Config ::=                        SEQUENCE {

    resourceSetToAddModList                 SEQUENCE (SIZE (1..maxNrofPUCCH-ResourceSets)) OF PUCCH-ResourceSet             OPTIONAL,   -- Need N

    resourceSetToReleaseList                SEQUENCE (SIZE (1..maxNrofPUCCH-ResourceSets)) OF PUCCH-ResourceSetId           OPTIONAL,   -- Need N



    resourceToAddModList                    SEQUENCE (SIZE (1..maxNrofPUCCH-Resources)) OF PUCCH-Resource                   OPTIONAL,   -- Need N

    resourceToReleaseList                   SEQUENCE (SIZE (1..maxNrofPUCCH-Resources)) OF PUCCH-ResourceId                 OPTIONAL,   -- Need N



    format1                                 SetupRelease { PUCCH-FormatConfig }                                             OPTIONAL,   -- Need M

    format2                                 SetupRelease { PUCCH-FormatConfig }                                             OPTIONAL,   -- Need M

    format3                                 SetupRelease { PUCCH-FormatConfig }                                             OPTIONAL,   -- Need M

    format4                                 SetupRelease { PUCCH-FormatConfig }                                             OPTIONAL,   -- Need M



    schedulingRequestResourceToAddModList   SEQUENCE (SIZE (1..maxNrofSR-Resources)) OF SchedulingRequestResourceConfig     OPTIONAL, -- Need N

    schedulingRequestResourceToReleaseList  SEQUENCE (SIZE (1..maxNrofSR-Resources)) OF SchedulingRequestResourceId         OPTIONAL, -- Need N



    multi-CSI-PUCCH-ResourceList            SEQUENCE (SIZE (1..2)) OF PUCCH-ResourceId                                      OPTIONAL,-- Need M

    dl-DataToUL-ACK                         SEQUENCE (SIZE (1..8)) OF INTEGER (0..15)                                           OPTIONAL,   -- Need M



    spatialRelationInfoToAddModList         SEQUENCE (SIZE (1..maxNrofSpatialRelationInfos)) OF PUCCH-SpatialRelationInfo   OPTIONAL,   -- Need N

    spatialRelationInfoToReleaseList        SEQUENCE (SIZE (1..maxNrofSpatialRelationInfos)) OF PUCCH-SpatialRelationInfoId OPTIONAL,   -- Need N



    pucch-PowerControl                      PUCCH-PowerControl                                                              OPTIONAL,   -- Need M

    ...

}



PUCCH-FormatConfig ::=                  SEQUENCE {

    interslotFrequencyHopping               ENUMERATED {enabled}                                                        OPTIONAL,   -- Need R

    additionalDMRS                          ENUMERATED {true}                                                           OPTIONAL,   -- Need R

    maxCodeRate                             PUCCH-MaxCodeRate                                                           OPTIONAL,   -- Need R

    nrofSlots                               ENUMERATED {n2,n4,n8}                                                       OPTIONAL,   -- Need S

    pi2BPSK                                 ENUMERATED {enabled},                                                      

    simultaneousHARQ-ACK-CSI                ENUMERATED {true}                                                           OPTIONAL    -- Need R

}

………



Similar to PUCCH, even for PUSCH pi2BPSK is made mandatory.



PUSCH-Config

The IE PUSCH-Config is used to configure the UE specific PUSCH parameters applicable to a particular BWP.

PUSCH-Config information element

-- ASN1START

-- TAG-PUSCH-CONFIG-START



PUSCH-Config ::=                        SEQUENCE {

    dataScramblingIdentityPUSCH             INTEGER (0..1023)                                                           OPTIONAL,   -- Need S

    txConfig                                ENUMERATED {codebook, nonCodebook}                                      OPTIONAL,   -- Need S

    dmrs-UplinkForPUSCH-MappingTypeA        SetupRelease { DMRS-UplinkConfig }                                          OPTIONAL,   -- Need M

    dmrs-UplinkForPUSCH-MappingTypeB        SetupRelease { DMRS-UplinkConfig }                                          OPTIONAL,   -- Need M



    pusch-PowerControl                      PUSCH-PowerControl                                                          OPTIONAL, -- Need M

    frequencyHopping                        ENUMERATED {intraSlot, interSlot}                                               OPTIONAL,   -- Need S

    frequencyHoppingOffsetLists             SEQUENCE (SIZE (1..4)) OF INTEGER (1.. maxNrofPhysicalResourceBlocks-1)     OPTIONAL,   -- Need M

    resourceAllocation                      ENUMERATED { resourceAllocationType0, resourceAllocationType1, dynamicSwitch},

    pusch-TimeDomainAllocationList          SetupRelease { PUSCH-TimeDomainResourceAllocationList }                     OPTIONAL,   -- Need M

    pusch-AggregationFactor                 ENUMERATED { n2, n4, n8 }                                       OPTIONAL,   -- Need S

    mcs-Table                               ENUMERATED {qam256, qam64LowSE}                                     OPTIONAL,   -- Need S

    mcs-TableTransformPrecoder              ENUMERATED {qam256, qam64LowSE}                                 OPTIONAL,   -- Need S

    transformPrecoder                       ENUMERATED {enabled, disabled}                                  OPTIONAL,   -- Need S

    codebookSubset                          ENUMERATED {fullyAndPartialAndNonCoherent, partialAndNonCoherent,

                                                            nonCoherent}                                        OPTIONAL,   -- Cond codebookBased

    maxRank                                 INTEGER (1..4)                                                  OPTIONAL,   -- Cond codebookBased

    rbg-Size                                ENUMERATED { config2}                                               OPTIONAL,   -- Need S

    uci-OnPUSCH                             SetupRelease { UCI-OnPUSCH}                                 OPTIONAL, -- Need M

    tp-pi2BPSK                              ENUMERATED {enabled},                                            

    ...

}



UCI-OnPUSCH ::=                         SEQUENCE {

    betaOffsets                             CHOICE {

            dynamic                             SEQUENCE (SIZE (4)) OF BetaOffsets,

            semiStatic                          BetaOffsets

    }                                                                                                                   OPTIONAL, -- Need M

    scaling                                 ENUMERATED { f0p5, f0p65, f0p8, f1 }

}



-- TAG-PUSCH-CONFIG-STOP

-- ASN1STOP



Phy-Parameters 

The IE Phy-Parameters is used to convey the physical layer capabilities.

Phy-Parameters information element

-- ASN1START

-- TAG-PHY-PARAMETERS-START



Phy-Parameters ::=                  SEQUENCE {

…..

Phy-ParametersFRX-Diff ::=          SEQUENCE {

…….

    twoDifferentTPC-Loop-PUCCH          ENUMERATED {supported}                      OPTIONAL,

    pusch-HalfPi-BPSK                   ENUMERATED {supported},

    pucch-F3-4-HalfPi-BPSK              ENUMERATED {supported},

    almostContiguousCP-OFDM-UL          ENUMERATED {supported}                      OPTIONAL,

    sp-CSI-RS                           ENUMERATED {supported}                      OPTIONAL,

    sp-CSI-IM                           ENUMERATED {supported}                      OPTIONAL,

    tdd-MultiDL-UL-SwitchPerSlot        ENUMERATED {supported}                      OPTIONAL,

    multipleCORESET                     ENUMERATED {supported}                      OPTIONAL,

    ...

}





38.101-1

[bookmark: _Toc526340254]6.2.2	UE maximum output power reduction

UE is allowed to reduce the maximum output power due to higher order modulations and transmit bandwidth configurations. For UE Power Class [2] and 3, the allowed maximum power reduction (MPR) is defined in Table 6.2.2-2 and Table 6.2.2-1, respectively for channel bandwidths that meets both following criteria:

Channel bandwidth ≤ 100MHz.

Relative channel bandwidth ≤ 4% for TDD bands and ≤ 3% for FDD bands

Where relative channel bandwith = 2*BWChannel / (FUL_low  + FUL_high)  

Table 6.2.2-1 Maximum power reduction (MPR) for power class 3

		Modulation

		

		MPR (dB)



		

		Edge RB allocations

		Outer RB allocations

		Inner RB allocations



		DFT-s-OFDM PI/2 BPSK

		≤3.51

		≤ 1.21

		≤0.21



		

		0.52

		0.52

		02



		DFT-s-OFDM QPSK

		≤ 1

		0



		DFT-s-OFDM 16 QAM

		≤ 2

		≤ 1



		DFT-s-OFDM 64 QAM

		≤ 2.5



		DFT-s-OFDM 256 QAM

		4.5



		CP-OFDM QPSK

		≤ 3

		≤ 1.5



		CP-OFDM 16 QAM

		≤ 3

		≤ 2



		CP-OFDM 64 QAM

		≤ 3.5



		CP-OFDM 256 QAM

		≤ 6.5



		NOTE 1:	Applicable for UE operating in TDD mode with PI/2 PBSK modulation and 40% or less slots in radio frame are used for UL transmission for bands n40, n77, n78 and n79.

NOTE 2:	Applicable for UE operating in FDD mode, or in TDD mode in bands other than n40, n77, n78 and n79 and if more than 40% of slots in radio frame are used for UL transmission for bands n40, n77, n78 and n79. 









[bookmark: _Toc526340268]6.2.4	Configured transmitted power

The UE is allowed to set its configured maximum output power PCMAX,f,c for carrier f of serving cell c in each slot. The configured maximum output power PCMAX,f,c is set within the following bounds:

PCMAX_L,f,c ≤  PCMAX,f,c  ≤  PCMAX_H,f,c with

	PCMAX_L,f,c = MIN {PEMAX,c– ∆TC,c,  (PPowerClass – ΔPPowerClass) – MAX(MPRc + A-MPRc+ ΔTIB,c + ∆TC,c + ∆TRxSRS, P-MPRc) }

PCMAX_H,f,c = MIN {PEMAX,c,  PPowerClass – ΔPPowerClass }

where

PEMAX,c is the value given by IE P-Max for serving cell c, defined in TS 38.331[7];

PPowerClass is the maximum UE power specified in Table 6.2.1-1 without taking into account the tolerance specified in the Table 6.2.1-1; 

PEMAX,c is increased by +3 dB for a power class 3 capable UE operating in TDD bands n40, n77, n78, and n79 with PI/2 BPSK modulation and 40% or less slots in radio frame are used for UL transmission when PEMAX,c ≥ 20 dBm.

ΔPPowerClass = -3 dB for a power class 3 capable UE operating in TDD bands n40, n77, n78, and n79 with PI/2 BPSK modulation and 40% or less slots in radio frame are used for UL transmission.

[bookmark: _Toc526340347]6.4.2.4.1	Requirements for pi/2 BPSK modulation

These requirements apply if the IE [P-Boost-BPSK] is set to 1 for power class 3 capable UE operating in TDD bands n40, n77, n78 and n79 with pi/2 BPSK modulation and 40% or less slots in radio frame are used for UL transmission. Otherwise the requirements for EVM equalizer spectrum flatness defined in clause 6.4.2.4 apply.

The EVM equalizer coefficients across the allocated uplink block shall be modified to fit inside the mask specified in Table 6.4.2.4.1-1 for normal conditions, prior to the calculation of EVM.

Table 6.4.2.4.1-1: Mask for EVM equalizer coefficients for pi/2 BPSK, normal conditions

		Frequency range

		Parameter 

		Maximum ripple [dB]



		F_meas – F_center ≤ X MHz or F_center – F_meas ≤ X MHz 

(Range 1)

		X1

		6 (p-p)



		F_meas – F_center > X MHz or F_center – F_meas > X MHz 

(Range 2)

		X2

		14 (p-p)



		NOTE 1:	F_meas refers to the sub-carrier frequency for which the equalizer coefficient is evaluated

NOTE 2:	F_center refers to the center frequency of an allocated block of PRBs

NOTE 3:	X, in MHz, is equal to 25% of the bandwidth of the PRB allocation

NOTE 4:	See Figure 6.4.2.4-1 for description of X1, X2







[image: ]

Figure 6.4.2.4.1-1: The limits for EVM equalizer spectral flatness with the maximum allowed variation. F_center denotes the center frequency of the allocated block of PRBs. F_alloc denotes the bandwidth of the PRB allocation.





38.101-2



[bookmark: _Toc526340810]6.2.2.3	UE maximum output power reduction for power class 3

For power class 3 the MPR is defined in Table 6.2.2.3-1.

Table 6.2.2.3-1 MPR for power class 3

		

		

		Channel Bandwidth / MPR



		

		

		50 / 100 / 200 MHz

		400 MHz



		DFT-s-OFDM

		Pi/2 BPSK

		0.5

		2.0



		

		QPSK

		1.5

		3.0



		

		16QAM

		3

		4.5



		

		64QAM

		5

		6.5



		CP-OFDM

		QPSK

		3.5

		5.0



		

		16QAM

		5

		6.5



		

		64QAM

		7.5

		9.0







The waveform defined by BW = 100MHz, SCS=60KHz, DFT-S-OFDM QPSK, 128RB0 is the reference waveform with 0 dB MPR and is used for the power class definition.

UE requirements for the waveform defined by BW = 100MHz, SCS=60KHz, DFT-S-OFDM pi/2 BPSK, 128RB0 is 0 dB MPR.



[bookmark: _Toc526340878]6.4.2.5	EVM spectral flatness for pi/2 BPSK modulation with spectrum shaping

These requirements are defined for pi/2 BPSK modulation. The EVM equalizer coefficients across the allocated uplink block shall be modified to fit inside the mask specified in Table 6.4.2.5-1 for normal conditions, prior to the calculation of EVM. The limiting mask shall be placed to minimize the change in equalizer coefficients in a sum of squares sense.

Table 6.4.2.5-1: Mask for EVM equalizer coefficients for pi/2 BPSK with spectrum shaping, normal conditions

		Frequency range

		Parameter 

		Maximum ripple (dB)



		F_meas – F_center ≤ X MHz or F_center – F_meas ≤ X MHz

(Range 1)

		X1

		6 (p-p)



		F_meas – F_center > X MHz or F_center – F_meas < X MHz

(Range 2)

		X2

		14 (p-p)



		NOTE 1:	F_meas refers to the sub-carrier frequency for which the equalizer coefficient is evaluated

NOTE 2:	F_center refers to the center frequency of an allocated block of PRBs

NOTE 3:	X, in MHz, is equal to 25% of the bandwidth of the PRB allocation

NOTE 4:	See Figure 6.4.2.5-1 for description of X1, X2 and X3







[image: ]

Figure 6.4.2.5-1: The limits for EVM equalizer spectral flatness with the maximum allowed variation. F_center denotes the center frequency of the allocated block of PRBs. F_alloc denotes the bandwidth of the PRB allocation.
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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. If item "(30a/b) Maximum range" exceeds the maximum supportable range of the channel model defined in Report ITU-R M.2412, the item "(30a/b) Maximum range" will be given by the  maximum supportable range of the related  channel model. As a consequence, item "(31a/b) Coverage Area" will be calculated by the maximum supportable range.
7. 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, DDDSU)

		Item		DL				UL

				NR PDSCH 
(NLOS)		NR PDCCH 
(30 kHz)
(NLOS)		NR PUSCH
(NLOS)		NR PUCCH
 (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(1) for control channel  (%) (Please specify how it is calculated.) (See 3GPP note at bottom of the table (i) )		-		95%		-		95%

		Cell area reliability(1) for data channel (%) (Please specify how it is calculated.) (See 3GPP note at bottom of the table (i) )		90%		-		90%		-

		Transmission bit rate for control channel (bit/s)		-		128000.00		-		4000.00

		Transmission bit rate for data channel (bit/s)		13952028.00		-		1114560.00		-

		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(2) (bit/s/Hz)		1.00		-		1.59		-

		Pathloss model(3) (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)		32.00		32.00		2.00		2.00

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

		(2) Maximal transmit power per antenna (dBm)		9.00		9.00		20.00		20.00

		(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)		24.05		24.05		23.01		23.01

		(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)		12.04		12.04		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		38.09		38.09		22.01		22.01

		(9b) Data channel EIRP = (3) + (4) + (5) – (7) – (8)  dBm		38.09		38.09		22.01		22.01

		Receiver

		(10) Number of receive antennas (The number shall be within the indicated range in § 8.4 of Report ITU-R M.2412-0)		4.00		4.00		32.00		32.00

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

		(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)		3.01		3.01		12.04		12.04

		(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) (See 3GPP note at bottom of the table (i) )		-		-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  (See 3GPP note at bottom of the table (i) )		-		-166.21		-		-168.01

		(16b) Total noise plus interference density for data channel        = 10 log (10^(((13) + (14))/10) + 10^((15b)/10))  dBm/Hz  (See 3GPP note at bottom of the table (i) )		-166.21		-		-168.01		-

		(17a) Occupied channel bandwidth for control channel (for meeting the requirements of the traffic type) (Hz)		-		18360000.00		-		360000.00

		(17b) Occupied channel bandwidth for data channel (for meeting the requirements of the traffic type) (Hz)		18360000.00		-		2880000.00		-

		(18a) Effective noise power for control channel = (16a) + 10 log((17a)) dBm		-		-93.57		-		-112.44

		(18b) Effective noise power for data channel = (16b) + 10 log((17b)) dBm		-93.57		-		-103.41		-

		(19a) Required SNR for the control channel (dB) 		-		-7.40		-		-7.60

		(19b) Required SNR for the data channel (dB) 		5.20		-		11.80		-

		(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)		0.50		-		0.50		-

		(22a) Receiver sensitivity for control channel         = (18a) + (19a) + (20) – (21a)  dBm		-		-98.97		-		-118.04

		(22b) Receiver sensitivity for data channel          = (18b) + (19b) + (20) – (21b)  dBm		-86.87		-		-90.11		-

		(23a) Hardware link budget for control channel          = (9a) + (11) + (11bis) − (22a)   dB		-		140.07		-		157.09

		(23b) Hardware link budget for data channel           = (9b) + (11) + (11bis) − (22b)  dB		127.97		-		129.16		-

		Calculation of available pathloss

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

		Penetration Loss std deviation (dB)(ii)

		(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		-		136.27		-		151.29

		(29b) Available path loss for data channel           = (23b) – (25b) + (26) – (27) + (28) – (12)   dB		126.06		-		125.25		-

		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)		-		401.36		-		892.14

		(30b) Maximum range for data channel (based on (29b) and according to the system configuration section of the link budget) (m)		233.20		-		223.37		-

		(31a) Coverage Area for control channel = (π (30a)2) (m2/site)		-		506075.97		-		2500446.46

		(31b) Coverage Area for data channel = (π (30b)2) (m2/site)		170852.83		-		156748.95		-
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InH-eMBB (4GHz, DSUUD)

		Item		DL				UL

				NR PDSCH (NLOS)		NR PDCCH (NLOS)		NR PUSCH (NLOS)		NR PUCCH (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(1) for control channel  (%) (Please specify how it is calculated.) (See 3GPP note at bottom of the table (i) )		-		95%		-		95%

		Cell area reliability(1) for data channel (%) (Please specify how it is calculated.) (See 3GPP note at bottom of the table (i) )		90%		-		90%		-

		Transmission bit rate for control channel (bit/s)		-		64000.00		-		4000.00

		Transmission bit rate for data channel (bit/s)		13952028.00		-		1114560.00		-

		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(2) (bit/s/Hz)		1.35		-		1.78		-

		Pathloss model(3) (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)		32.00		32.00		2.00		2.00

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

		(2) Maximal transmit power per antenna (dBm)		9.00		9.00		20.00		20.00

		(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)		24.05		24.05		23.01		23.01

		(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)		12.04		12.04		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		38.09		38.09		22.01		22.01

		(9b) Data channel EIRP = (3) + (4) + (5) – (7) – (8)  dBm		38.09		38.09		22.01		22.01

		Receiver

		(10) Number of receive antennas (The number shall be within the indicated range in § 8.4 of Report ITU-R M.2412-0)		4.00		4.00		32.00		32.00

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

		(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)		3.01		3.01		12.04		12.04

		(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) (See 3GPP note at bottom of the table (i) )		-		-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  (See 3GPP note at bottom of the table (i) )		-		-166.21		-		-168.01

		(16b) Total noise plus interference density for data channel        = 10 log (10^(((13) + (14))/10) + 10^((15b)/10))  dBm/Hz  (See 3GPP note at bottom of the table (i) )		-166.21		-		-168.01		-

		(17a) Occupied channel bandwidth for control channel (for meeting the requirements of the traffic type) (Hz)		-		19080000.00		-		360000.00

		(17b) Occupied channel bandwidth for data channel (for meeting the requirements of the traffic type) (Hz)		18360000.00		-		1440000.00		-

		(18a) Effective noise power for control channel = (16a) + 10 log((17a)) dBm		-		-93.40		-		-112.44

		(18b) Effective noise power for data channel = (16b) + 10 log((17b)) dBm		-93.57		-		-106.42		-

		(19a) Required SNR for the control channel (dB) 		-		-4.80		-		-8.00

		(19b) Required SNR for the data channel (dB) 		6.30		-		14.24		-

		(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)		0.50		-		0.50		-

		(22a) Receiver sensitivity for control channel         = (18a) + (19a) + (20) – (21a)  dBm		-		-96.20		-		-118.44

		(22b) Receiver sensitivity for data channel          = (18b) + (19b) + (20) – (21b)  dBm		-85.77		-		-90.68		-

		(23a) Hardware link budget for control channel          = (9a) + (11) + (11bis) − (22a)   dB		-		137.31		-		157.49

		(23b) Hardware link budget for data channel           = (9b) + (11) + (11bis) − (22b)  dB		126.87		-		129.73		-

		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		-		133.51		-		151.69

		(29b) Available path loss for data channel           = (23b) – (25b) + (26) – (27) + (28) – (12)   dB		124.96		-		125.82		-

		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)		-		346.44		-		911.32

		(30b) Maximum range for data channel (based on (29b) and according to the system configuration section of the link budget) (m)		219.95		-		230.25		-

		(31a) Coverage Area for control channel = (π (30a)2) (m2/site)		-		377057.06		-		2609115.53

		(31b) Coverage Area for data channel = (π (30b)2) (m2/site)		151989.60		-		166550.69		-





DU-eMBB (4GHz, DDDSU)

		Item		DL								UL

				NR PDSCH 
(NLOS)		NR PDCCH 
(NLOS)		NR PDSCH
(NLOS O-to-I)		NR PDCCH 
(NLOS O-to-I)		NR PUSCH 
(NLOS)		NR PUCCH 
 (NLOS)		NR PUSCH 
(NLOS O-to-I)		NR PUCCH 
 (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(1) for control channel  (%) (Please specify how it is calculated.) (See 3GPP note at bottom of the table (i) )		-		95%		-		95%		-		95%		-		95%

		Cell area reliability(1) for data channel (%) (Please specify how it is calculated.) (See 3GPP note at bottom of the table (i) )		90%		-		90%		-		90%		-		90%		-

		Transmission bit rate for control channel (bit/s)		-		128000.00		-		128000.00		-		4000.00				4000.00

		Transmission bit rate for data channel (bit/s)		6744699.00		-		6744699.00		-		224640.00		-		224640.00		-

		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(2) (bit/s/Hz)		0.49		-		0.49		-		0.64		-		0.64		-

		Pathloss model(3) (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)		128.00		128.00		128.00		128.00		2.00		2.00		2.00		2.00

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

		(2) Maximal transmit power per antenna (dBm)		23.00		23.00		23.00		23.00		20.00		20.00		20.00		20.00

		(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)		44.07		44.07		44.07		44.07		23.01		23.01		23.01		23.01

		(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)		18.06		18.06		18.06		18.06		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		67.13		67.13		67.13		67.13		22.01		22.01		22.01		22.01

		(9b) Data channel EIRP = (3) + (4) + (5) – (7) – (8)  dBm		67.13		67.13		67.13		67.13		22.01		22.01		22.01		22.01

		Receiver

		(10) Number of receive antennas (The number shall be within the indicated range in § 8.4 of Report ITU-R M.2412-0)		4.00		4.00		4.00		4.00		128.00		128.00		128.00		128.00

		(10bis) Number of receive antenna ports		2.00		2.00		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		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)		3.01		3.01		3.01		3.01		18.06		18.06		18.06		18.06

		(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) (See 3GPP note at bottom of the table (i) )		-		-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  (See 3GPP note at bottom of the table (i) )		-		-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  (See 3GPP note at bottom of the table (i) )		-164.99		-		-164.99		-		-164.03		-		-164.03		-

		(17a) Occupied channel bandwidth for control channel (for meeting the requirements of the traffic type) (Hz)		-		18360000.00		-		18360000.00		-		360000.00		-		360000.00

		(17b) Occupied channel bandwidth for data channel (for meeting the requirements of the traffic type) (Hz)		18360000.00		-		18360000.00		-		1440000.00		-		1440000.00		-

		(18a) Effective noise power for control channel = (16a) + 10 log((17a)) dBm		-		-92.35		-		-92.35		-		-105.40		-		-105.40

		(18b) Effective noise power for data channel = (16b) + 10 log((17b)) dBm		-92.35		-		-92.35		-		-102.45		-		-102.45		-

		(19a) Required SNR for the control channel (dB) 		-		-8.30		-		-8.50		-		-6.80		-		-6.80

		(19b) Required SNR for the data channel (dB) 		-0.10		-		-1.00		-		6.00		-		3.70		-

		(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)		0.50		-		0.50		-		0.50		-		0.50		-

		(22a) Receiver sensitivity for control channel         = (18a) + (19a) + (20) – (21a)  dBm		-		-98.65		-		-98.85		-		-110.20		-		-110.20

		(22b) Receiver sensitivity for data channel          = (18b) + (19b) + (20) – (21b)  dBm		-90.95		-		-91.85		-		-94.95		-		-97.25		-

		(23a) Hardware link budget for control channel          = (9a) + (11) + (11bis) − (22a)   dB		-		168.79		-		168.99		-		158.27		-		158.27

		(23b) Hardware link budget for data channel           = (9b) + (11) + (11bis) − (22b)  dB		161.09		-		161.99		-		143.02		-		145.32		-

		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		-		150.72		-		134.79		-		138.20		-		122.07

		(29b) Available path loss for data channel           = (23b) – (25b) + (26) – (27) + (28) – (12)   dB		146.24		-		130.71		-		126.17		-		112.04		-

		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)		-		1590.72		-		622.35		-		760.49		-		294.05

		(30b) Maximum range for data channel (based on (29b) and according to the system configuration section of the link budget) (m)		1221.73		-		489.39		-		374.48		-		162.90		-

		(31a) Coverage Area for control channel = (π (30a)2) (m2/site)		-		7949488.16		-		1216806.71		-		1816931.77		-		271635.99

		(31b) Coverage Area for data channel = (π (30b)2) (m2/site)		4689249.49		-		752407.74		-		440566.06		-		83367.57		-
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DU-eMBB (4GHz, DSUUD)

		Item		DL								UL

				NR PDSCH (NLOS)		NR PDCCH (NLOS) 		NR PDSCH (NLOS O-to-I)		NR PDCCH (NLOS O-to-I) 		NR PUSCH (NLOS)		NR PUCCH (NLOS)		NR PUSCH (NLOS O-to-I)		NR PUCCH (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(1) for control channel  (%) (Please specify how it is calculated.) (See 3GPP note at bottom of the table (i) )		-		95%		-		95%		-		95%		-		95%

		Cell area reliability(1) for data channel (%) (Please specify how it is calculated.) (See 3GPP note at bottom of the table (i) )		90%		-		90%		-		90%		-		90%		-

		Transmission bit rate for control channel (bit/s)		-		64000.00		-		64000.00		-		4000.00				4000.00

		Transmission bit rate for data channel (bit/s)		6744699.00		-		6744699.00		-		224640.00		-		224640.00		-

		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(2) (bit/s/Hz)		0.65		-		0.65		-		0.36		-		0.36		-

		Pathloss model(3) (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)		256.00		256.00		256.00		256.00		2.00		2.00		2.00		2.00

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

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

		(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)		44.08		44.08		44.08		44.08		23.01		23.01		23.01		23.01

		(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)		21.07		21.07		21.07		21.07		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		70.15		70.15		70.15		70.15		22.01		22.01		22.01		22.01

		(9b) Data channel EIRP = (3) + (4) + (5) – (7) – (8)  dBm		70.15		70.15		70.15		70.15		22.01		22.01		22.01		22.01

		Receiver

		(10) Number of receive antennas (The number shall be within the indicated range in § 8.4 of Report ITU-R M.2412-0)		4.00		4.00		4.00		4.00		256.00		256.00		256.00		256.00

		(10bis) Number of receive antenna ports		2.00		2.00		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		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)		3.01		3.01		3.01		3.01		21.07		21.07		21.07		21.07

		(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) (See 3GPP note at bottom of the table (i) )		-		-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  (See 3GPP note at bottom of the table (i) )		-		-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  (See 3GPP note at bottom of the table (i) )		-164.99		-		-164.99		-		-164.03		-		-164.03		-

		(17a) Occupied channel bandwidth for control channel (for meeting the requirements of the traffic type) (Hz)		-		19080000.00		-		19080000.00		-		360000.00		-		360000.00

		(17b) Occupied channel bandwidth for data channel (for meeting the requirements of the traffic type) (Hz)		18360000.00		-		18360000.00		-		1440000.00		-		1440000.00		-

		(18a) Effective noise power for control channel = (16a) + 10 log((17a)) dBm		-		-92.18		-		-92.18		-		-105.40		-		-105.40

		(18b) Effective noise power for data channel = (16b) + 10 log((17b)) dBm		-92.35		-		-92.35		-		-102.45		-		-102.45		-

		(19a) Required SNR for the control channel (dB) 		-		-5.70		-		-5.90		-		-6.00		-		-6.70

		(19b) Required SNR for the data channel (dB) 		3.00		-		-0.10		-		2.29		-		1.27		-

		(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)		0.50		-		0.50		-		0.50		-		0.50		-

		(22a) Receiver sensitivity for control channel         = (18a) + (19a) + (20) – (21a)  dBm		-		-95.88		-		-96.08		-		-109.40		-		-110.10

		(22b) Receiver sensitivity for data channel          = (18b) + (19b) + (20) – (21b)  dBm		-87.85		-		-90.95		-		-98.66		-		-99.68		-

		(23a) Hardware link budget for control channel          = (9a) + (11) + (11bis) − (22a)   dB		-		169.05		-		169.25		-		160.48		-		161.18

		(23b) Hardware link budget for data channel           = (9b) + (11) + (11bis) − (22b)  dB		161.02		-		164.12		-		149.74		-		150.76		-

		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		-		150.98		-		135.05		-		140.41		-		124.98

		(29b) Available path loss for data channel           = (23b) – (25b) + (26) – (27) + (28) – (12)   dB		146.17		-		132.84		-		132.89		-		117.48		-

		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)		-		1614.66		-		631.72		-		866.25		-		349.04

		(30b) Maximum range for data channel (based on (29b) and according to the system configuration section of the link budget) (m)		1216.03		-		554.51		-		556.37		-		224.45		-

		(31a) Coverage Area for control channel = (π (30a)2) (m2/site)		-		8190541.86		-		1253704.15		-		2357419.22		-		382739.78

		(31b) Coverage Area for data channel = (π (30b)2) (m2/site)		4645586.38		-		965965.51		-		972478.76		-		158259.68		-





Rural-eMBB (700MHz, FDD)

		Item		DL								UL

				NR PDSCH
 (NLOS)		NR PDCCH (NLOS)		NR PDSCH
 (NLOS O-to-I)		NR PDCCH  (NLOS O-to-I)		NR PUSCH
 (NLOS)		NR PUCCH
(NLOS)		NR PUSCH
 (NLOS O-to-I)		NR PUCCH
 (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

		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(1) for control channel  (%) (Please specify how it is calculated.) (See 3GPP note at bottom of the table (i) )		-		95%		-		95%		-		95%		-		95%

		Cell area reliability(1) for data channel (%) (Please specify how it is calculated.) (See 3GPP note at bottom of the table (i) )		90%		-		90%		-		90%		-		90%		-

		Transmission bit rate for control channel (bit/s)		-		64000.00		-		64000.00		-		2000.00		-		2000.00

		Transmission bit rate for data channel (bit/s)		5983200.00		-		5983200.00		-		561600.00		-		561600.00		-

		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(2) (bit/s/Hz)		0.64		-		0.64		-		0.78		-		0.78		-

		Pathloss model(3) (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		1.00		1.00		1.00		1.00

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

		(2) Maximal transmit power per antenna (dBm)		28.00		28.00		28.00		28.00		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)		46.06		46.06		46.06		46.06		23.00		23.00		23.00		23.00

		(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)		15.05		15.05		15.05		15.05		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		66.11		66.11		66.11		66.11		22.00		22.00		22.00		22.00

		(9b) Data channel EIRP = (3) + (4) + (5) – (7) – (8)  dBm		66.11		66.11		66.11		66.11		22.00		22.00		22.00		22.00

		Receiver

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

		(10bis) Number of receive antenna ports		2.00		2.00		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		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		15.05		15.05		15.05		15.05

		(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) (See 3GPP note at bottom of the table (i) )		-		-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  (See 3GPP note at bottom of the table (i) )		-		-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  (See 3GPP note at bottom of the table (i) )		-164.99		-		-164.99		-		-164.03		-		-164.03		-

		(17a) Occupied channel bandwidth for control channel (for meeting the requirements of the traffic type) (Hz)		-		9360000.00		-		9360000.00		-		180000.00		-		180000.00

		(17b) Occupied channel bandwidth for data channel (for meeting the requirements of the traffic type) (Hz)		9360000.00		-		9360000.00		-		720000.00		-		720000.00		-

		(18a) Effective noise power for control channel = (16a) + 10 log((17a)) dBm		-		-95.28		-		-95.28		-		-108.41		-		-108.41

		(18b) Effective noise power for data channel = (16b) + 10 log((17b)) dBm		-95.28		-		-95.28		-		-105.46		-		-105.46		-

		(19a) Required SNR for the control channel (dB) 		-		-7.40		-		-7.50		-		-6.30		-		-6.30

		(19b) Required SNR for the data channel (dB) 		4.10		-		1.40		-		7.30		-		4.70		-

		(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)		0.50		-		0.50		-		0.50		-		0.50		-

		(22a) Receiver sensitivity for control channel         = (18a) + (19a) + (20) – (21a)  dBm		-		-100.68		-		-100.78		-		-112.71		-		-112.71

		(22b) Receiver sensitivity for data channel          = (18b) + (19b) + (20) – (21b)  dBm		-89.68		-		-92.38		-		-96.66		-		-99.26		-

		(23a) Hardware link budget for control channel          = (9a) + (11) + (11bis) − (22a)   dB		-		166.79		-		166.89		-		157.76		-		157.76

		(23b) Hardware link budget for data channel           = (9b) + (11) + (11bis) − (22b)  dB		155.79		-		158.49		-		141.71		-		144.31		-

		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		-		146.34		-		144.94		-		135.31		-		133.81

		(29b) Available path loss for data channel           = (23b) – (25b) + (26) – (27) + (28) – (12)   dB		139.18		-		139.86		-		123.10		-		123.68		-

		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)		-		5943.63		-		5467.81		-		3079.50		-		2816.14

		(30b) Maximum range for data channel (based on (29b) and according to the system configuration section of the link budget) (m)		3879.00		-		4039.44		-		1487.82		-		1540.15		-

		(31a) Coverage Area for control channel = (π (30a)2) (m2/site)		-		110982084.28		-		93924027.85		-		29792804.26		-		24914853.97

		(31b) Coverage Area for data channel = (π (30b)2) (m2/site)		47270374.78		-		51261552.59		-		6954251.50		-		7452058.13		-













Rural-eMBB (700 MHz, DSUUD)

		Item		DL								UL

				NR PDSCH 
(NLOS)		NR PDCCH
(NLOS) 		NR PDSCH 
(NLOS O-to-I)		NR PDCCH
 (NLOS O-to-I) 		NR PUSCH 
(NLOS)		NR PUCCH
(NLOS)		NR PUSCH 
(NLOS O-to-I)		NR PUCCH
 (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

		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(1) for control channel  (%) (Please specify how it is calculated.) (See 3GPP note at bottom of the table (i) )		-		95%		-		95%		-		95%		-		95%

		Cell area reliability(1) for data channel (%) (Please specify how it is calculated.) (See 3GPP note at bottom of the table (i) )		90%		-		90%		-		90%		-		90%		-

		Transmission bit rate for control channel (bit/s)		-		64000.00		-		64000.00		-		4000.00		-		4000.00

		Transmission bit rate for data channel (bit/s)		6744699.00		-		6744699.00		-		224640.00		-		224640.00		-

		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(2) (bit/s/Hz)		0.65		-		0.65		-		0.36		-		0.36		-

		Pathloss model(3) (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		1.00		1.00		1.00		1.00

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

		(2) Maximal transmit power per antenna (dBm)		31.00		31.00		31.00		31.00		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)		49.06		49.06		49.06		49.06		23.00		23.00		23.00		23.00

		(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)		15.05		15.05		15.05		15.05		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		69.11		69.11		69.11		69.11		22.00		22.00		22.00		22.00

		(9b) Data channel EIRP = (3) + (4) + (5) – (7) – (8)  dBm		69.11		69.11		69.11		69.11		22.00		22.00		22.00		22.00

		Receiver

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

		(10bis) Number of receive antenna ports		2.00		2.00		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		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		15.05		15.05		15.05		15.05

		(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) (See 3GPP note at bottom of the table (i) )		-		-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  (See 3GPP note at bottom of the table (i) )		-		-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  (See 3GPP note at bottom of the table (i) )		-164.99		-		-164.99		-		-164.03		-		-164.03		-

		(17a) Occupied channel bandwidth for control channel (for meeting the requirements of the traffic type) (Hz)		-		19080000.00		-		19080000.00		-		360000.00		-		360000.00

		(17b) Occupied channel bandwidth for data channel (for meeting the requirements of the traffic type) (Hz)		18360000.00		-		18360000.00		-		1440000.00		-		1440000.00		-

		(18a) Effective noise power for control channel = (16a) + 10 log((17a)) dBm		-		-92.18		-		-92.18		-		-105.40		-		-105.40

		(18b) Effective noise power for data channel = (16b) + 10 log((17b)) dBm		-92.35		-		-92.35		-		-102.45		-		-102.45		-

		(19a) Required SNR for the control channel (dB) 		-		-4.60		-		-4.50		-		-5.00		-		-7.50

		(19b) Required SNR for the data channel (dB) 		2.80		-		-0.50		-		1.28		-		0.45		-

		(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)		0.50		-		0.50		-		0.50		-		0.50		-

		(22a) Receiver sensitivity for control channel         = (18a) + (19a) + (20) – (21a)  dBm		-		-94.78		-		-94.68		-		-108.40		-		-110.90

		(22b) Receiver sensitivity for data channel          = (18b) + (19b) + (20) – (21b)  dBm		-88.05		-		-91.35		-		-99.67		-		-100.50		-

		(23a) Hardware link budget for control channel          = (9a) + (11) + (11bis) − (22a)   dB		-		163.90		-		163.80		-		153.45		-		155.95

		(23b) Hardware link budget for data channel           = (9b) + (11) + (11bis) − (22b)  dB		157.16		-		160.46		-		144.72		-		145.55		-

		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		-		143.45		-		141.85		-		131.00		-		132.00

		(29b) Available path loss for data channel           = (23b) – (25b) + (26) – (27) + (28) – (12)   dB		140.55		-		141.83		-		126.11		-		124.92		-

		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)		-		5002.27		-		4547.29		-		2381.83		-		2528.11

		(30b) Maximum range for data channel (based on (29b) and according to the system configuration section of the link budget) (m)		4210.03		-		4543.78		-		1780.14		-		1658.26		-

		(31a) Coverage Area for control channel = (π (30a)2) (m2/site)		-		78611258.10		-		64961319.90		-		17822671.18		-		20078972.55

		(31b) Coverage Area for data channel = (π (30b)2) (m2/site)		55682774.89		-		64861172.45		-		9955397.97		-		8638809.22		-







UMa-mMTC (NB-IoT)

		Item		DL												UL

				s		NPDCCH (LOS)		NPDSCH (NLOS)		NPDCCH (NLOS)		NPDSCH (NLOS O-to-I)		NPDCCH (NLOS O-to-I)		NPUSCH format 1 (LOS)		PUSCH format2  (LOS)		NPUSCH format 1 (NLOS)		PUSCH format2  (NLOS)		NPUSCH format 1 (NLOS O-to-I)		PUSCH format2 (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(1) for control channel  (%) (Please specify how it is calculated.) (See 3GPP note at bottom of the table (i) )		-		99%		-		99%		-		99%		-		99%		-		99%		-		99%

		Cell area reliability(1) for data channel (%) (Please specify how it is calculated.) (See 3GPP note at bottom of the table (i) )		99%		-		99%		-		99%		-		99%		-		99%		-		99%		-

		Transmission bit rate for control channel (bit/s)		-		89.00		-		44.00		-		44.00				15.00				15.00				15.00

		Transmission bit rate for data channel (bit/s)		360.00		-		180.00		-		180.00		-		180.00		-		180.00		-		180.00		-

		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(2) (bit/s/Hz)		2.000E-03		-		0.001		-		0.001		-		0.012		-		0.012		-		0.012		-

		Pathloss model(3) (select from LoS or NLoS)		LOS		LOS		NLOS		NLOS		NLOS O-to-I		NLOS O-to-I		LOS		LOS		NLOS		NLOS		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) NOTE1		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		23.00		23.00		23.00		23.00		23.00		23.00

		(2) Maximal transmit power per antenna (dBm)		23.00		23.00		23.00		23.00		23.00		23.00		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) NOTE2		35.04		35.04		35.04		35.04		35.04		35.04		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		49.07		49.07		49.07		49.07		49.07		49.07		23.00		23.00		23.00		23.00		23.00		23.00

		(9b) Data channel EIRP = (3) + (4) + (5) – (7) – (8)  dBm		49.07		49.07		49.07		49.07		49.07		49.07		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		32.00		32.00		32.00		32.00		32.00		32.00

		(10bis) Number of receive antenna ports		1.00		1.00		1.00		1.00		1.00		1.00		4.00		4.00		4.00		4.00		4.00		4.00

		(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) (See 3GPP note at bottom of the table (i) )		-		-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  (See 3GPP note at bottom of the table (i) )		-		-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  (See 3GPP note at bottom of the table (i) )		-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)		-		180000.00		-		180000.00		-		180000.00		-		15000.00		-		15000.00		-		15000.00

		(17b) Occupied channel bandwidth for data channel (for meeting the requirements of the traffic type) (Hz)		180000.00		-		180000.00		-		180000.00		-		15000.00		-		15000.00		-		15000.00		-

		(18a) Effective noise power for control channel = (16a) + 10 log((17a)) dBm		-		-114.03		-		-114.03		-		-114.03		-		-126.60		-		-126.60		-		-126.60

		(18b) Effective noise power for data channel = (16b) + 10 log((17b)) dBm		-114.03		-		-114.03		-		-114.03		-		-126.60		-		-126.60		-		-126.60		-

		(19a) Required SNR for the control channel (dB) 		-		-17.20		-		-16.70		-		-16.70		-		-17.90		-		-16.00		-		-16.00

		(19b) Required SNR for the data channel (dB) 		-16.90		-		-17.70		-		-17.70		-		-17.60		-		-16.60		-		-16.60		-

		(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		-		-129.23		-		-128.73		-		-128.73		-		-142.50		-		-140.60		-		-140.60

		(22b) Receiver sensitivity for data channel          = (18b) + (19b) + (20) – (21b)  dBm		-128.93		-		-129.73		-		-129.73		-		-142.20		-		-141.20		-		-141.20		-

		(23a) Hardware link budget for control channel          = (9a) + (11) + (11bis) − (22a)   dB		-		178.31		-		177.81		-		177.81		-		182.53		-		180.63		-		180.63

		(23b) Hardware link budget for data channel           = (9b) + (11) + (11bis) − (22b)  dB		178.01		-		178.81		-		178.81		-		182.23		-		181.23		-		181.23		-

		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		-		172.01		-		167.55		-		139.34		-		173.23		-		167.37		-		139.16

		(29b) Available path loss for data channel           = (23b) – (25b) + (26) – (27) + (28) – (12)   dB		171.71		-		168.55		-		140.34		-		172.93		-		167.97		-		139.76		-

		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)		-		40174.01		-		10453.70		-		1983.84		-		43110.76		-		10346.86		-		1963.56

		(30b) Maximum range for data channel (based on (29b) and according to the system configuration section of the link budget) (m)		39486.18		-		11088.04		-		2104.23		-		42372.65		-		10719.13		-		2034.22		-

		(31a) Coverage Area for control channel = (π (30a)2) (m2/site)		-		5070376446.11		-		343313046.31		-		12364091.76		-		5838767488.89		-		336331402.44		-		12112620.51

		(31b) Coverage Area for data channel = (π (30b)2) (m2/site)		4898241563.68		-		386241791.40		-		13910338.68		-		5640546405.96		-		360968078.73		-		13000006.92		-





		NOTE1: The term "antenna" is understood as antenna elements.

		NOTE2: In-band mode is assumed for NB-IoT, which results in 35dBm transmission power.





UMa-mMTC (eMTC)

		Item		DL												UL

				PDSCH (LOS)		PDCCH (LOS)		PDSCH (NLOS)		PDCCH (NLOS)		PDSCH (NLOS O-to-I)		PDCCH (NLOS O-to-I)		PUSCH (LOS)		PUCCH   (LOS)		PUSCH  (NLOS)		PUCCH   (NLOS)		PUSCH  (NLOS O-to-I)		PUCCH  (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(1) for control channel  (%) (Please specify how it is calculated.) (See 3GPP note at bottom of the table (i) )		-		99%		-		99%		-		99%		-		99%		-		99%		-		99%

		Cell area reliability(1) for data channel (%) (Please specify how it is calculated.) (See 3GPP note at bottom of the table (i) )		99%		-		99%		-		99%		-		99%		-		99%		-		99%		-

		Transmission bit rate for control channel (bit/s)		-		70.00		-		70.00		-		70.00				62.00				15.00				15.00

		Transmission bit rate for data channel (bit/s)		183.00		-		183.00		-		183.00		-		457.00		-		320.00		-		320.00		-

		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(2) (bit/s/Hz)		1.694E-04		-		1.694E-04		-		1.694E-04		-		0.00254		-		0.00178		-		0.00178		-

		Pathloss model(3) (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) NOTE1		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		23.00		23.00		23.00		23.00		23.00		23.00

		(2) Maximal transmit power per antenna (dBm)		24.76		24.76		24.76		24.76		24.76		24.76		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) NOTE2		36.80		36.80		36.80		36.80		36.80		36.80		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		50.83		50.83		50.83		50.83		50.83		50.83		23.00		23.00		23.00		23.00		23.00		23.00

		(9b) Data channel EIRP = (3) + (4) + (5) – (7) – (8)  dBm		50.83		50.83		50.83		50.83		50.83		50.83		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		32.00		32.00		32.00		32.00		32.00		32.00

		(10bis) Number of receive antenna ports		1.00		1.00		1.00		1.00		1.00		1.00		4.00		4.00		4.00		4.00		4.00		4.00

		(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) (See 3GPP note at bottom of the table (i) )		-		-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  (See 3GPP note at bottom of the table (i) )		-		-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  (See 3GPP note at bottom of the table (i) )		-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)		-		1080000.00		-		1080000.00		-		1080000.00		-		180000.00		-		180000.00		-		180000.00

		(17b) Occupied channel bandwidth for data channel (for meeting the requirements of the traffic type) (Hz)		1080000.00		-		1080000.00		-		1080000.00		-		180000.00		-		180000.00		-		180000.00		-

		(18a) Effective noise power for control channel = (16a) + 10 log((17a)) dBm		-		-106.25		-		-106.25		-		-106.25		-		-115.81		-		-115.81		-		-115.81

		(18b) Effective noise power for data channel = (16b) + 10 log((17b)) dBm		-106.25		-		-106.25		-		-106.25		-		-115.81		-		-115.81		-		-115.81		-

		(19a) Required SNR for the control channel (dB) 		-		-21.00		-		-20.80		-		-20.80		-		-25.60		-		-26.00		-		-26.00

		(19b) Required SNR for the data channel (dB) 		-24.10		-		-21.90		-		-21.90		-		-24.60		-		-24.60		-		-24.60		-

		(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		-		-125.25		-		-125.05		-		-125.05		-		-139.41		-		-139.81		-		-139.81

		(22b) Receiver sensitivity for data channel          = (18b) + (19b) + (20) – (21b)  dBm		-128.35		-		-126.15		-		-126.15		-		-138.41		-		-138.41		-		-138.41		-

		(23a) Hardware link budget for control channel          = (9a) + (11) + (11bis) − (22a)   dB		-		176.08		-		175.88		-		175.88		-		179.44		-		179.84		-		179.84

		(23b) Hardware link budget for data channel           = (9b) + (11) + (11bis) − (22b)  dB		179.18		-		176.98		-		176.98		-		178.44		-		178.44		-		178.44		-

		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		169.78		-		165.62		-		137.41		-		170.14		-		166.58		-		138.37

		(29b) Available path loss for data channel           = (23b) – (25b) + (26) – (27) + (28) – (12)   dB		172.88		-		166.72		-		138.51		-		169.14		-		165.18		-		136.97		-

		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)		-		35351.46		-		9334.89		-		1771.49		-		36081.98		-		9875.31		-		1874.06

		(30b) Maximum range for data channel (based on (29b) and according to the system configuration section of the link budget) (m)		42257.85		-		9959.84		-		1890.10		-		34063.58		-		9093.53		-		1725.67		-

		(31a) Coverage Area for control channel = (π (30a)2) (m2/site)		-		3926128736.57		-		273759016.05		-		9858830.90		-		4090067759.41		-		306373484.47		-		11033568.74

		(31b) Coverage Area for data channel = (π (30b)2) (m2/site)		5610022376.12		-		311640827.07		-		11223292.72		-		s		-		259785279.83		-		9355512.05		-





		NOTE1: The term "antenna" is understood as antenna elements.

		NOTE2: In-band mode is assumed for NB-IoT, which results in 35dBm transmission power.





UMa-URLLC (700MHz)

						DL								DL

		Item		UL								UL

				NR PUSCH (NLOS)		NR PDCCH (NLOS)		NR PDSCH (NLOS)		NR PUCCH (NLOS)		NR PUSCH (NLOS O-to-I)		NR PDCCH (NLOS O-to-I)		NR PDSCH (NLOS O-to-I)		NR PUCCH (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

		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(1) for control channel  (%) (Please specify how it is calculated.) (See 3GPP note at bottom of the table (i) )		-		95%		-		95%		-		95%		-		95%

		Cell area reliability(1) for data channel (%) (Please specify how it is calculated.) (See 3GPP note at bottom of the table (i) )		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(2) (bit/s/Hz)		0.04		-		0.01		-		0.04		-		0.01		-

		Pathloss model(3) (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)		1.00		64.00		64.00		1.00		1.00		64.00		64.00		1.00

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

		(2) Maximal transmit power per antenna (dBm)		23.00		28.00		28.00		23.00		23.00		28.00		28.00		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)		23.00		46.06		46.06		23.00		23.00		46.06		46.06		23.00

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

		(5) Transmitter array gain (depends on transmitter array configurations and technologies such as adaptive beam forming, CDD (cyclic delay diversity), etc.) (dB)		0.00		15.05		15.05		0.00		0.00		15.05		15.05		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)		1.00		3.00		3.00		1.00		1.00		3.00		3.00		1.00

		(9a) Control channel EIRP = (3) + (4) + (5) + (6) – (8) dBm		22.00		66.11		66.11		22.00		22.00		66.11		66.11		22.00

		(9b) Data channel EIRP = (3) + (4) + (5) – (7) – (8)  dBm		22.00		66.11		66.11		22.00		22.00		66.11		66.11		22.00

		Receiver

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

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

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

		(11bis) Receiver array gain (depends on receive array configurations and technologies such as adaptive beam forming, etc.) (dB)		15.05		0.00		0.00		15.05		15.05		0.00		0.00		15.05

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

		(13) Receiver noise figure (dB)		5.00		7.00		7.00		5.00		5.00		7.00		7.00		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) (See 3GPP note at bottom of the table (i) )		-		-169.30		-		-161.70		-		-169.30		-		-161.70

		(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  (See 3GPP note at bottom of the table (i) )		-		-164.99		-		-160.96		-		-164.99		-		-160.96

		(16b) Total noise plus interference density for data channel        = 10 log (10^(((13) + (14))/10) + 10^((15b)/10))  dBm/Hz  (See 3GPP note at bottom of the table (i) )		-164.03		-		-164.99		-		-164.03		-		-164.99		-

		(17a) Occupied channel bandwidth for control channel (for meeting the requirements of the traffic type) (Hz)		-		18360000.00		-		360000.00		-		18360000.00		-		360000.00

		(17b) Occupied channel bandwidth for data channel (for meeting the requirements of the traffic type) (Hz)		5760000.00		-		18360000.00		-		5760000.00		-		18360000.00		-

		(18a) Effective noise power for control channel = (16a) + 10 log((17a)) dBm		-		-92.35		-		-105.40		-		-92.35		-		-105.40

		(18b) Effective noise power for data channel = (16b) + 10 log((17b)) dBm		-96.43		-		-92.35		-		-96.43		-		-92.35		-

		(19a) Required SNR for the control channel (dB) 		-		-2.70		-		4.20		-		-2.70		-		4.20

		(19b) Required SNR for the data channel (dB) 		-2.00		-		-2.50		-		-1.90		-		-2.40		-

		(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)		0.50		-		0.50		-		0.50		-		0.50		-

		(22a) Receiver sensitivity for control channel         = (18a) + (19a) + (20) – (21a)  dBm		-		-93.05		-		-99.20		-		-93.05		-		-99.20

		(22b) Receiver sensitivity for data channel          = (18b) + (19b) + (20) – (21b)  dBm		-96.93		-		-93.35		-		-96.83		-		-93.25		-

		(23a) Hardware link budget for control channel          = (9a) + (11) + (11bis) − (22a)   dB		-		159.16		-		144.25		-		159.16		-		144.25

		(23b) Hardware link budget for data channel           = (9b) + (11) + (11bis) − (22b)  dB		141.98		-		159.46		-		141.88		-		159.36		-

		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)(ii)

		(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		-		141.05		-		124.14		-		124.91		-		108.00

		(29b) Available path loss for data channel           = (23b) – (25b) + (26) – (27) + (28) – (12)   dB		125.09		-		144.57		-		108.55		-		128.03		-

		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)		-		2195.32		-		810.38		-		848.33		-		313.15

		(30b) Maximum range for data channel (based on (29b) and according to the system configuration section of the link budget) (m)		857.23		-		2701.19		-		323.54		-		1019.51		-

		(31a) Coverage Area for control channel = (π (30a)2) (m2/site)		-		1.51E+07		-		2.06E+06		-		2.26E+06		-		3.08E+05

		(31b) Coverage Area for data channel = (π (30b)2) (m2/site)		2.31E+06		-		2.29E+07		-		3.29E+05		-		3.27E+06		-
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NR MaxN_RB

				Transmission bandwidth configuration NRB in NR

				FR1

				SCS (kHz)		5MHz		10MHz		15MHz		20 MHz		25 MHz		30 MHz		40 MHz		50MHz		60 MHz		70		80 MHz		90 MHz		100 MHz

																								MHz

						NRB		NRB		NRB		NRB		NRB		NRB		NRB		NRB		NRB		NRB		NRB		NRB		NRB

				15		25		52		79		106		133		160		216		270		N/A		N.A		N/A		N/A		N/A

				30		11		24		38		51		65		78		106		133		162		189		217		245		273

				60		N/A		11		18		24		31		38		51		65		79		93		107		121		135



				FR2

				SCS [kHz]		50 MHz		100 MHz		200 MHz		400 MHz

						NRB		NRB		NRB		NRB

				60		66		132		264		N.A

				120		32		66		132		264
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Microsoft_Excel_Worksheet3.xlsx
General Notes

		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 Dense Urban - eMBB test environment, the penentration margin is calculated based on the assumption of 80% low loss and 20% high loss.
6. For Rural - eMBB and Urban Macro - URLLC test environment,penentration margin is calculated based on the assumption of 100% low loss.
7. For Urban Macro - mMTC test environment, the penentration margin is calculated based on the assumption of 100% high loss, which is motivated by the coverage demand for mMTC scenarios.
8. 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.
9. If item "(30a/b) Maximum range" exceeds the maximum supportable range of the channel model defined in Report ITU-R M.2412, the item "(30a/b) Maximum range" will be given by the  maximum supportable range of the related  channel model. As a consequence, item "(31a/b) Coverage Area" will be calculated by the maximum supportable range.
10. 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, DDDSU)

		Item		DL				UL

				NR PDSCH (NLOS)		NR PDCCH (NLOS)		NR PUSCH (NLOS)		NR PUCCH (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(1) for control channel  (%) (Please specify how it is calculated.) (See 3GPP note at bottom of the table (i) )		-		95%		-		95%

		Cell area reliability(1) for data channel (%) (Please specify how it is calculated.) (See 3GPP note at bottom of the table (i) )		90%		-		90%		-

		Transmission bit rate for control channel (bit/s)		-		128000.00		-		4000.00

		Transmission bit rate for data channel (bit/s)		13952028.00		-		1114560.00		-

		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(2) (bit/s/Hz)		1.00		-		1.59		-

		Pathloss model(3) (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)		32.00		32.00		2.00		2.00

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

		(2) Maximal transmit power per antenna (dBm)		9.00		9.00		20.00		20.00

		(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)		24.05		24.05		23.01		23.01

		(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)		12.04		12.04		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		38.09		38.09		22.01		22.01

		(9b) Data channel EIRP = (3) + (4) + (5) – (7) – (8)  dBm		38.09		38.09		22.01		22.01

		Receiver

		(10) Number of receive antennas (The number shall be within the indicated range in § 8.4 of Report ITU-R M.2412-0)		4.00		4.00		32.00		32.00

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

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

		(11bis) Receiver array gain (depends on transmitter array configurations and technologies such as adaptive beam forming, etc.) (dB)		3.01		3.01		12.04		12.04

		(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) (See 3GPP note at bottom of the table (i) )		-		-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  (See 3GPP note at bottom of the table (i) )		-		-166.21		-		-168.01

		(16b) Total noise plus interference density for data channel        = 10 log (10^(((13) + (14))/10) + 10^((15b)/10))  dBm/Hz  (See 3GPP note at bottom of the table (i) )		-166.21		-		-168.01		-

		(17a) Occupied channel bandwidth for control channel (for meeting the requirements of the traffic type) (Hz)		-		18360000.00		-		360000.00

		(17b) Occupied channel bandwidth for data channel (for meeting the requirements of the traffic type) (Hz)		18360000.00		-		2880000.00		-

		(18a) Effective noise power for control channel = (16a) + 10 log((17a)) dBm		-		-93.57		-		-112.44

		(18b) Effective noise power for data channel = (16b) + 10 log((17b)) dBm		-93.57		-		-103.41		-

		(19a) Required SNR for the control channel (dB) 		-		-7.40		-		-7.60

		(19b) Required SNR for the data channel (dB) 		5.20		-		11.80		-

		(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)		0.50		-		0.50		-

		(22a) Receiver sensitivity for control channel         = (18a) + (19a) + (20) – (21a)  dBm		-		-98.97		-		-118.04

		(22b) Receiver sensitivity for data channel          = (18b) + (19b) + (20) – (21b)  dBm		-86.87		-		-90.11		-

		(23a) Hardware link budget for control channel          = (9a) + (11) + (11bis) − (22a)   dB		-		140.07		-		157.09

		(23b) Hardware link budget for data channel           = (9b) + (11) + (11bis) − (22b)  dB		127.97		-		129.16		-

		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)		-		8.50		-		8.50

		(25b) Shadow fading margin for data channel (function of the cell area reliability and (24)) (dB) 		5.20		-		5.20		-

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

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

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

		(29a) Available path loss for control channel          = (23a) – (25a) + (26) – (27) + (28) – (12)   dB		-		130.57		-		145.59

		(29b) Available path loss for data channel           = (23b) – (25b) + (26) – (27) + (28) – (12)   dB		121.77		-		120.96		-

		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)		-		368.24		-		908.49

		(30b) Maximum range for data channel (based on (29b) and according to the system configuration section of the link budget) (m)		216.95		-		206.64		-

		(31a) Coverage Area for control channel = (π (30a)2) (m2/site)		-		426005.52		-		2592935.57

		(31b) Coverage Area for data channel = (π (30b)2) (m2/site)		147871.75		-		134147.58		-
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InH-eMBB (4GHz, DSUUD)

		Item		DL				UL

				NR PDSCH (NLOS)		NR PDCCH (NLOS) 		NR PUSCH (NLOS)		NR PUCCH (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(1) for control channel  (%) (Please specify how it is calculated.) (See 3GPP note at bottom of the table (i) )		-		95%		-		95%

		Cell area reliability(1) for data channel (%) (Please specify how it is calculated.) (See 3GPP note at bottom of the table (i) )		90%		-		90%		-

		Transmission bit rate for control channel (bit/s)		-		64000.00		-		4000.00

		Transmission bit rate for data channel (bit/s)		13952028.00		-		1114560.00		-

		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(2) (bit/s/Hz)		1.35		-		1.78		-

		Pathloss model(3) (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)		32.00		32.00		2.00		2.00

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

		(2) Maximal transmit power per antenna (dBm)		9.00		9.00		20.00		20.00

		(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)		24.05		24.05		23.01		23.01

		(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)		12.04		12.04		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		38.09		38.09		22.01		22.01

		(9b) Data channel EIRP = (3) + (4) + (5) – (7) – (8)  dBm		38.09		38.09		22.01		22.01

		Receiver

		(10) Number of receive antennas (The number shall be within the indicated range in § 8.4 of Report ITU-R M.2412-0)		4.00		4.00		32.00		32.00

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

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

		(11bis) Receiver array gain (depends on transmitter array configurations and technologies such as adaptive beam forming, etc.) (dB)		3.01		3.01		12.04		12.04

		(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) (See 3GPP note at bottom of the table (i) )		-		-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  (See 3GPP note at bottom of the table (i) )		-		-166.21		-		-168.01

		(16b) Total noise plus interference density for data channel        = 10 log (10^(((13) + (14))/10) + 10^((15b)/10))  dBm/Hz  (See 3GPP note at bottom of the table (i) )		-166.21		-		-168.01		-

		(17a) Occupied channel bandwidth for control channel (for meeting the requirements of the traffic type) (Hz)		-		19080000.00		-		360000.00

		(17b) Occupied channel bandwidth for data channel (for meeting the requirements of the traffic type) (Hz)		18360000.00		-		1440000.00		-

		(18a) Effective noise power for control channel = (16a) + 10 log((17a)) dBm		-		-93.40		-		-112.44

		(18b) Effective noise power for data channel = (16b) + 10 log((17b)) dBm		-93.57		-		-106.42		-

		(19a) Required SNR for the control channel (dB) 		-		-4.80		-		-8.00

		(19b) Required SNR for the data channel (dB) 		6.30		-		14.13		-

		(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)		0.50		-		0.50		-

		(22a) Receiver sensitivity for control channel         = (18a) + (19a) + (20) – (21a)  dBm		-		-96.20		-		-118.44

		(22b) Receiver sensitivity for data channel          = (18b) + (19b) + (20) – (21b)  dBm		-85.77		-		-90.79		-

		(23a) Hardware link budget for control channel          = (9a) + (11) + (11bis) − (22a)   dB		-		137.31		-		157.49

		(23b) Hardware link budget for data channel           = (9b) + (11) + (11bis) − (22b)  dB		126.87		-		129.84		-

		Calculation of available pathloss

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

		Penetration Loss std deviation (dB)(ii)

		(25a) Shadow fading margin for control channel (function of the cell area reliability and (24)) (dB)		-		8.50		-		8.50

		(25b) Shadow fading margin for data channel (function of the cell area reliability and (24)) (dB) 		5.20		-		5.20		-

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

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

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

		(29a) Available path loss for control channel          = (23a) – (25a) + (26) – (27) + (28) – (12)   dB		-		127.81		-		145.99

		(29b) Available path loss for data channel           = (23b) – (25b) + (26) – (27) + (28) – (12)   dB		120.67		-		121.64		-

		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)		-		311.81		-		930.60

		(30b) Maximum range for data channel (based on (29b) and according to the system configuration section of the link budget) (m)		203.07		-		215.27		-

		(31a) Coverage Area for control channel = (π (30a)2) (m2/site)		-		305436.82		-		2720692.46

		(31b) Coverage Area for data channel = (π (30b)2) (m2/site)		129551.95		-		145581.99		-





DU-eMBB (4GHz, DDDSU)

		Item		DL								UL

				NR PDSCH (NLOS)		NR PDCCH (NLOS)		NR PDSCH (NLOS O-to-I)		NR PDCCH (NLOS O-to-I)		NR PUSCH (NLOS)		NR PUCCH (NLOS)		NR PUSCH (NLOS O-to-I)		NR PUCCH (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(1) for control channel  (%) (Please specify how it is calculated.) (See 3GPP note at bottom of the table (i) )		-		95%		-		95%		-		95%		-		95%

		Cell area reliability(1) for data channel (%) (Please specify how it is calculated.) (See 3GPP note at bottom of the table (i) )		90%		-		90%		-		90%		-		90%		-

		Transmission bit rate for control channel (bit/s)		-		128000.00		-		128000.00		-		4000.00				4000.00

		Transmission bit rate for data channel (bit/s)		6744699.00		-		6744699.00		-		224640.00		-		224640.00		-

		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(2) (bit/s/Hz)		0.49		-		0.49		-		0.64		-		0.64		-

		Pathloss model(3) (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)		128.00		128.00		128.00		128.00		2.00		2.00		2.00		2.00

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

		(2) Maximal transmit power per antenna (dBm)		23.00		23.00		23.00		23.00		20.00		20.00		20.00		20.00

		(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)		44.07		44.07		44.07		44.07		23.01		23.01		23.01		23.01

		(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)		18.06		18.06		18.06		18.06		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		67.13		67.13		67.13		67.13		22.01		22.01		22.01		22.01

		(9b) Data channel EIRP = (3) + (4) + (5) – (7) – (8)  dBm		67.13		67.13		67.13		67.13		22.01		22.01		22.01		22.01

		Receiver

		(10) Number of receive antennas (The number shall be within the indicated range in § 8.4 of Report ITU-R M.2412-0)		4.00		4.00		4.00		4.00		128.00		128.00		128.00		128.00

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

		(11bis) Receiver array gain (depends on transmitter array configurations and technologies such as adaptive beam forming, etc.) (dB)		3.01		3.01		3.01		3.01		18.06		18.06		18.06		18.06

		(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) (See 3GPP note at bottom of the table (i) )		-		-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  (See 3GPP note at bottom of the table (i) )		-		-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  (See 3GPP note at bottom of the table (i) )		-164.99		-		-164.99		-		-164.03		-		-164.03		-

		(17a) Occupied channel bandwidth for control channel (for meeting the requirements of the traffic type) (Hz)		-		18360000.00		-		18360000.00		-		360000.00		-		360000.00

		(17b) Occupied channel bandwidth for data channel (for meeting the requirements of the traffic type) (Hz)		18360000.00		-		18360000.00		-		1440000.00		-		1440000.00		-

		(18a) Effective noise power for control channel = (16a) + 10 log((17a)) dBm		-		-92.35		-		-92.35		-		-105.40		-		-105.40

		(18b) Effective noise power for data channel = (16b) + 10 log((17b)) dBm		-92.35		-		-92.35		-		-102.45		-		-102.45		-

		(19a) Required SNR for the control channel (dB) 		-		-8.30		-		-8.50		-		-6.80		-		-6.80

		(19b) Required SNR for the data channel (dB) 		-0.10		-		-1.00		-		6.00		-		3.70		-

		(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)		0.50		-		0.50		-		0.50		-		0.50		-

		(22a) Receiver sensitivity for control channel         = (18a) + (19a) + (20) – (21a)  dBm		-		-98.65		-		-98.85		-		-110.20		-		-110.20

		(22b) Receiver sensitivity for data channel          = (18b) + (19b) + (20) – (21b)  dBm		-90.95		-		-91.85		-		-94.95		-		-97.25		-

		(23a) Hardware link budget for control channel          = (9a) + (11) + (11bis) − (22a)   dB		-		168.79		-		168.99		-		158.27		-		158.27

		(23b) Hardware link budget for data channel           = (9b) + (11) + (11bis) − (22b)  dB		161.09		-		161.99		-		143.02		-		145.32		-

		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		-		9.04		-		8.07		-		9.04

		(25b) Shadow fading margin for data channel (function of the cell area reliability and (24)) (dB) 		4.85		-		5.60		-		4.85		-		5.60		-

		(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		17.98		17.98		9.00		9.00		17.98		17.98

		(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		-		150.72		-		140.97		-		138.20		-		128.25

		(29b) Available path loss for data channel           = (23b) – (25b) + (26) – (27) + (28) – (12)   dB		146.24		-		137.41		-		126.17		-		118.74		-

		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)		-		1593.08		-		896.91		-		761.53		-		423.72

		(30b) Maximum range for data channel (based on (29b) and according to the system configuration section of the link budget) (m)		1223.49		-		727.20		-		374.95		-		242.02		-

		(31a) Coverage Area for control channel = (π (30a)2) (m2/site)		-		7973075.54		-		2527257.07		-		1821883.44		-		564038.45

		(31b) Coverage Area for data channel = (π (30b)2) (m2/site)		4702757.59		-		1661341.99		-		441664.46		-		184012.28		-
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DU-eMBB (4GHz, DSUUD)

		Item		DL								UL

				NR PDSCH (NLOS)		NR PDCCH (NLOS)		NR PDSCH (NLOS O-to-I)		NR PDCCH (NLOS O-to-I)		NR PUSCH (NLOS)		NR PUCCH (NLOS)		NR PUSCH (NLOS O-to-I)		NR PUCCH (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(1) for control channel  (%) (Please specify how it is calculated.) (See 3GPP note at bottom of the table (i) )		-		95%		-		95%		-		95%		-		95%

		Cell area reliability(1) for data channel (%) (Please specify how it is calculated.) (See 3GPP note at bottom of the table (i) )		90%		-		90%		-		90%		-		90%		-

		Transmission bit rate for control channel (bit/s)		-		64000.00		-		64000.00		-		4000.00				4000.00

		Transmission bit rate for data channel (bit/s)		6744699.00		-		6744699.00		-		224640.00		-		224640.00		-

		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(2) (bit/s/Hz)		0.65		-		0.65		-		0.36		-		0.36		-

		Pathloss model(3) (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)		256.00		256.00		256.00		256.00		2.00		2.00		2.00		2.00

		(1bis) Number of transmit antennas		2.00		2.00		2.00		2.00		2.00		2.00		2.00		2.00

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

		(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)		44.08		44.08		44.08		44.08		23.01		23.01		23.01		23.01

		(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)		21.07		21.07		21.07		21.07		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		70.15		70.15		70.15		70.15		22.01		22.01		22.01		22.01

		(9b) Data channel EIRP = (3) + (4) + (5) – (7) – (8)  dBm		70.15		70.15		70.15		70.15		22.01		22.01		22.01		22.01

		Receiver

		(10) Number of receive antennas (The number shall be within the indicated range in § 8.4 of Report ITU-R M.2412-0)		4.00		4.00		4.00		4.00		256.00		256.00		256.00		256.00

		(10bis) Number of receive antennas		2.00		2.00		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		8.00		8.00		8.00		8.00

		(11bis) Receiver array gain (depends on transmitter array configurations and technologies such as adaptive beam forming, etc.) (dB)		3.01		3.01		3.01		3.01		21.07		21.07		21.07		21.07

		(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) (See 3GPP note at bottom of the table (i) )		-		-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  (See 3GPP note at bottom of the table (i) )		-		-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  (See 3GPP note at bottom of the table (i) )		-164.99		-		-164.99		-		-164.03		-		-164.03		-

		(17a) Occupied channel bandwidth for control channel (for meeting the requirements of the traffic type) (Hz)		-		19080000.00		-		19080000.00		-		360000.00		-		360000.00

		(17b) Occupied channel bandwidth for data channel (for meeting the requirements of the traffic type) (Hz)		18360000.00		-		18360000.00		-		1440000.00		-		1440000.00		-

		(18a) Effective noise power for control channel = (16a) + 10 log((17a)) dBm		-		-92.18		-		-92.18		-		-105.40		-		-105.40

		(18b) Effective noise power for data channel = (16b) + 10 log((17b)) dBm		-92.35		-		-92.35		-		-102.45		-		-102.45		-

		(19a) Required SNR for the control channel (dB) 		-		-5.70		-		-5.90		-		-5.60		-		-6.70

		(19b) Required SNR for the data channel (dB) 		3.20		-		-0.10		-		2.29		-		1.23		-

		(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)		0.50		-		0.50		-		0.50		-		0.50		-

		(22a) Receiver sensitivity for control channel         = (18a) + (19a) + (20) – (21a)  dBm		-		-95.88		-		-96.08		-		-109.00		-		-110.10

		(22b) Receiver sensitivity for data channel          = (18b) + (19b) + (20) – (21b)  dBm		-87.65		-		-90.95		-		-98.66		-		-99.72		-

		(23a) Hardware link budget for control channel          = (9a) + (11) + (11bis) − (22a)   dB		-		169.05		-		169.25		-		160.08		-		161.18

		(23b) Hardware link budget for data channel           = (9b) + (11) + (11bis) − (22b)  dB		160.82		-		164.12		-		149.74		-		150.80		-

		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		-		9.04		-		8.07		-		9.04

		(25b) Shadow fading margin for data channel (function of the cell area reliability and (24)) (dB) 		4.85		-		5.60		-		4.85		-		5.60		-

		(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		17.98		17.98		9.00		9.00		17.98		17.98

		(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		-		150.98		-		141.23		-		140.01		-		131.16

		(29b) Available path loss for data channel           = (23b) – (25b) + (26) – (27) + (28) – (12)   dB		145.97		-		139.54		-		132.89		-		124.22		-

		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)		-		1617.06		-		910.41		-		847.24		-		502.98

		(30b) Maximum range for data channel (based on (29b) and according to the system configuration section of the link budget) (m)		1203.52		-		823.98		-		557.10		-		334.26		-

		(31a) Coverage Area for control channel = (π (30a)2) (m2/site)		s		8214884.58		-		2603904.23		-		2255103.30		-		794784.42

		(31b) Coverage Area for data channel = (π (30b)2) (m2/site)		4550443.38		-		2132971.92		-		975029.45		-		351004.36		-







Rural-eMBB (700MHz, FDD)

		Item		DL								UL

				NR PDSCH (NLOS)		NR PDCCH (NLOS)		NR PDSCH (NLOS O-to-I)		NR PDCCH (NLOS O-to-I)		NR PUSCH (NLOS)		NR PUCCH (NLOS)		NR PUSCH (NLOS O-to-I)		NR PUCCH (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

		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(1) for control channel  (%) (Please specify how it is calculated.) (See 3GPP note at bottom of the table (i) )		-		95%		-		95%		-		95%		-		95%

		Cell area reliability(1) for data channel (%) (Please specify how it is calculated.) (See 3GPP note at bottom of the table (i) )		90%		-		90%		-		90%		-		90%		-

		Transmission bit rate for control channel (bit/s)		-		64000.00		-		64000.00		-		2000.00		-		2000.00

		Transmission bit rate for data channel (bit/s)		5983200.00		-		5983200.00		-		561600.00		-		561600.00		-

		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(2) (bit/s/Hz)		0.64		-		0.64		-		0.78		-		0.78		-

		Pathloss model(3) (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		1.00		1.00		1.00		1.00

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

		(2) Maximal transmit power per antenna (dBm)		28.00		28.00		28.00		28.00		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)		46.06		46.06		46.06		46.06		23.00		23.00		23.00		23.00

		(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)		15.05		15.05		15.05		15.05		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		66.11		66.11		66.11		66.11		22.00		22.00		22.00		22.00

		(9b) Data channel EIRP = (3) + (4) + (5) – (7) – (8)  dBm		66.11		66.11		66.11		66.11		22.00		22.00		22.00		22.00

		Receiver

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

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

		(11bis) Receiver array gain (depends on transmitter array configurations and technologies such as adaptive beam forming, etc.) (dB)		0.00		0.00		0.00		0.00		15.05		15.05		15.05		15.05

		(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) (See 3GPP note at bottom of the table (i) )		-		-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  (See 3GPP note at bottom of the table (i) )		-		-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  (See 3GPP note at bottom of the table (i) )		-164.99		-		-164.99		-		-164.03		-		-164.03		-

		(17a) Occupied channel bandwidth for control channel (for meeting the requirements of the traffic type) (Hz)		-		9360000.00		-		9360000.00		-		180000.00		-		180000.00

		(17b) Occupied channel bandwidth for data channel (for meeting the requirements of the traffic type) (Hz)		9360000.00		-		9360000.00		-		720000.00		-		720000.00		-						ERROR:#REF!

		(18a) Effective noise power for control channel = (16a) + 10 log((17a)) dBm		-		-95.28		-		-95.28		-		-108.41		-		-108.41

		(18b) Effective noise power for data channel = (16b) + 10 log((17b)) dBm		-95.28		-		-95.28		-		-105.46		-		-105.46		-

		(19a) Required SNR for the control channel (dB) 		-		-7.40		-		-7.50		-		-6.30		-		-6.30

		(19b) Required SNR for the data channel (dB) 		4.10		-		1.40		-		7.30		-		4.70		-

		(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)		0.50		-		0.50		-		0.50		-		0.50		-

		(22a) Receiver sensitivity for control channel         = (18a) + (19a) + (20) – (21a)  dBm		-		-100.68		-		-100.78		-		-112.71		-		-112.71

		(22b) Receiver sensitivity for data channel          = (18b) + (19b) + (20) – (21b)  dBm		-89.68		-		-92.38		-		-96.66		-		-99.26		-

		(23a) Hardware link budget for control channel          = (9a) + (11) + (11bis)  − (22a)   dB		-		166.79		-		166.89		-		157.76		-		157.76

		(23b) Hardware link budget for data channel           = (9b) + (11) + (11bis) − (22b)  dB		155.79		-		158.49		-		141.71		-		144.31		-

		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		-		10.00		-		10.45		-		10.00

		(25b) Shadow fading margin for data channel (function of the cell area reliability and (24)) (dB) 		6.61		-		6.30		-		6.61		-		6.30		-

		(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		11.90		11.90		9.00		9.00		11.90		11.90

		(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		-		146.34		-		143.99		-		135.31		-		132.85

		(29b) Available path loss for data channel           = (23b) – (25b) + (26) – (27) + (28) – (12)   dB		139.18		-		139.29		-		123.10		-		123.11		-

		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)		-		5943.63		-		5165.78		-		3079.50		-		2660.58

		(30b) Maximum range for data channel (based on (29b) and according to the system configuration section of the link budget) (m)		3879.00		-		3903.73		-		1487.82		-		1488.41		-

		(31a) Coverage Area for control channel = (π (30a)2) (m2/site)		-		110982084.28		-		83834381.34		-		29792804.26		-		22238413.50

		(31b) Coverage Area for data channel = (π (30b)2) (m2/site)		47270374.78		-		47875058.07		-		6954251.50		-		6959752.44		-



		Break point









Rural-eMBB (700MHz, DSUUD)

		Item		DL								UL

				NR PDSCH (NLOS)		NR PDCCH (NLOS)		NR PDSCH (NLOS O-to-I)		NR PDCCH (NLOS O-to-I) 		NR PUSCH (NLOS)		NR PUCCH (NLOS)		NR PUSCH (NLOS O-to-I)		NR PUCCH (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

		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(1) for control channel  (%) (Please specify how it is calculated.) (See 3GPP note at bottom of the table (i) )		-		95%		-		95%		-		95%		-		95%

		Cell area reliability(1) for data channel (%) (Please specify how it is calculated.) (See 3GPP note at bottom of the table (i) )		90%		-		90%		-		90%		-		90%		-

		Transmission bit rate for control channel (bit/s)		-		64000.00		-		64000.00		-		4000.00		-		4000.00

		Transmission bit rate for data channel (bit/s)		6744699.00		-		6744699.00		-		224640.00		-		224640.00		-

		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(2) (bit/s/Hz)		0.65		-		0.65		-		0.36		-		0.36		-

		Pathloss model(3) (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		1.00		1.00		1.00		1.00

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

		(2) Maximal transmit power per antenna (dBm)		31.00		31.00		31.00		31.00		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)		49.06		49.06		49.06		49.06		23.00		23.00		23.00		23.00

		(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)		15.05		15.05		15.05		15.05		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		69.11		69.11		69.11		69.11		22.00		22.00		22.00		22.00

		(9b) Data channel EIRP = (3) + (4) + (5) – (7) – (8)  dBm		69.11		69.11		69.11		69.11		22.00		22.00		22.00		22.00

		Receiver

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

		(10bis) Number of receive antennas		2.00		2.00		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		8.00		8.00		8.00		8.00

		(11bis) Receiver array gain (depends on transmitter array configurations and technologies such as adaptive beam forming, etc.) (dB)		0.00		0.00		0.00		0.00		15.05		15.05		15.05		15.05

		(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) (See 3GPP note at bottom of the table (i) )		-		-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  (See 3GPP note at bottom of the table (i) )		-		-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  (See 3GPP note at bottom of the table (i) )		-164.99		-		-164.99		-		-164.03		-		-164.03		-

		(17a) Occupied channel bandwidth for control channel (for meeting the requirements of the traffic type) (Hz)		-		19080000.00		-		19080000.00		-		360000.00		-		360000.00

		(17b) Occupied channel bandwidth for data channel (for meeting the requirements of the traffic type) (Hz)		18360000.00		-		18360000.00		-		1440000.00		-		1440000.00		-

		(18a) Effective noise power for control channel = (16a) + 10 log((17a)) dBm		-		-92.18		-		-92.18		-		-105.40		-		-105.40

		(18b) Effective noise power for data channel = (16b) + 10 log((17b)) dBm		-92.35		-		-92.35		-		-102.45		-		-102.45		-

		(19a) Required SNR for the control channel (dB) 		-		-4.60		-		-4.50		-		-5.00		-		-7.50

		(19b) Required SNR for the data channel (dB) 		2.80		-		-0.50		-		1.28		-		0.45		-

		(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)		0.50		-		0.50		-		0.50		-		0.50		-

		(22a) Receiver sensitivity for control channel         = (18a) + (19a) + (20) – (21a)  dBm		-		-94.78		-		-94.68		-		-108.40		-		-110.90

		(22b) Receiver sensitivity for data channel          = (18b) + (19b) + (20) – (21b)  dBm		-88.05		-		-91.35		-		-99.67		-		-100.50		-

		(23a) Hardware link budget for control channel          = (9a) + (11) + (11bis)  − (22a)   dB		-		163.90		-		163.80		-		153.45		-		155.95

		(23b) Hardware link budget for data channel           = (9b) + (11) + (11bis) − (22b)  dB		157.16		-		160.46		-		144.72		-		145.55		-

		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

		Penetration Loss std deviation (dB)(ii)

		(25a) Shadow fading margin for control channel (function of the cell area reliability and (24)) (dB)		-		10.45		-		10.00		-		10.45		-		10.00

		(25b) Shadow fading margin for data channel (function of the cell area reliability and (24)) (dB) 		6.61		-		6.30		-		6.61		-		6.30		-

		(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		11.90		11.90		9.00		9.00		11.90		11.90

		(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		-		143.45		-		140.90		-		131.00		-		131.05

		(29b) Available path loss for data channel           = (23b) – (25b) + (26) – (27) + (28) – (12)   dB		140.55		-		141.26		-		126.11		-		124.35		-

		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)		-		5002.27		-		4296.97		-		2381.83		-		2388.94

		(30b) Maximum range for data channel (based on (29b) and according to the system configuration section of the link budget) (m)		4210.03		-		4392.01		-		1780.14		-		1602.87		-

		(31a) Coverage Area for control channel = (π (30a)2) (m2/site)		-		78611258.10		-		58006222.42		-		17822671.18		-		17929213.10

		(31b) Coverage Area for data channel = (π (30b)2) (m2/site)		55682774.89		-		60600560.46		-		9955397.97		-		8071341.61		-

						s





UMa-mMTC (NB-IoT)

		Item						DL												UL

				NPDSCH (LOS)		NPDCCH (LOS)		NPDSCH (NLOS)		NPDCCH (NLOS)		NPDSCH (NLOS O-to-I)		NPDCCH (NLOS O-to-I)		NPUSCH format 1 (LOS)		PUSCH format2  (LOS)		NPUSCH (NLOS)		NPUSCH Format 2  (NLOS)		NPUSCH (NLOS O-to-I)		NPUSCH Format 2 (NLOS O-to-I)

		System configuration

		Carrier frequency (GHz)		0.7		0.7		0.7		0.70		0.7		0.70		0.7		0.7		0.7		0.7		0.7		0.7

		BS antenna heights (m)		25		25		25		25.00		25		25.00		25		25		25		25		25		25

		UT antenna heights (m)		1.5		1.5		1.5		1.50		1.5		1.50		1.5		1.5		1.5		1.5		1.5		1.5

		Cell area reliability(1) for control channel  (%) (Please specify how it is calculated.) (See 3GPP note at bottom of the table (i) )		-		99%		-		99%		-		99%		-		99%		-		99%		-		99%

		Cell area reliability(1) for data channel (%) (Please specify how it is calculated.) (See 3GPP note at bottom of the table (i) )		99%		-		99%		-		99%		-		99%		-		99%		-		99%		-

		Transmission bit rate for control channel (bit/s)		-		89		-		44		-		44				15				15				15

		Transmission bit rate for data channel (bit/s)		360		-		180		-		180		-		180.00		-		180.00		-		180.00		-

		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(2) (bit/s/Hz)		2.000E-03		-		0.001		-		0.001		-		0.012		-		0.012		-		0.012		-

		Pathloss model(3) (select from LoS or NLoS)		LOS		LOS		NLOS		NLOS		NLOS O-to-I		NLOS O-to-I		LOS		LOS		LOS		LOS		LOS		LOS

		UE speed (km/h)		3		3		3.00		3.00		3.00		3.00		3		3		3		3		3		3

		Feeder loss (dB)		3		3		3.00		3.00		3.00		3.00		3		3		3		3		3		3

		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		16		16		16		16.00		16.00		1		1		1		1		1		1

		(1bis) Number of transmit antenna ports		2		2		2		2		2		2		23		23		23		23		23		23

		(2) Maximal transmit power per antenna (dBm)		23.0		23.0		23.0		23.0		23.0		23.0		23.0		23.0		23.0		23.0		23.0		23.0

		(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)		35.04		35.04		35.04		35.04		35.04		35.04		23.00		23.00		23.00		23.00		23.00		23.00

		(4) Transmitter antenna gain (dBi)		8.0		8.0		8.00		8.00		8.00		8.00		0		0.00		0		0.00		0		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		0		0.00		0.00		0.00		0.00		0		0		0		0		0		0

		(7) Data channel power loss due to pilot/control boosting (dB)		0		0		0.00		0.00		0.00		0.00		0		0		0		0		0		0

		(8) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for downlink)		3		3		3		3		3		3		0		0		0		0		0		0

		(9a) Control channel EIRP = (3) + (4) + (5) + (6) – (8) dBm		49.1		49.1		49.1		49.1		49.1		49.1		23.00		23.00		23.00		23.00		23.00		23.00

		(9b) Data channel EIRP = (3) + (4) + (5) – (7) – (8)  dBm		49.1		49.1		49.1		49.1		49.1		49.1		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		1		1.00		1.00		1.00		1.00		32.00		32.00		32.00		32.00		32.00		32.00

		(10bis) Number of receive antenna ports		1		1		1.00		1.00		1.00		1.00		4.00		4.00		4.00		4.00		4.00		4.00

		(11) Receiver antenna gain (dBi)		0		0		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 transmitter 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		0		0		0		0		0		3		3		3		3		3		3

		(13) Receiver noise figure (dB)		7		7		7.00		7.00		7.00		7.00		5		5		5		5		5		5

		(14) Thermal noise density (dBm/Hz)		-174		-174		-174.00		-174.00		-174.00		-174.00		-174		-174		-174		-174		-174		-174

		(15a) Receiver interference density for control channel (dBm/Hz) (See 3GPP note at bottom of the table (i) )		-		-177		-		-177.00		-		-177.00		-		-177.00		-		-177.00		-		-177.00

		(15b) Receiver interference density for data channel (dBm/Hz) 		-177.0		-		-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  (See 3GPP note at bottom of the table (i) )		-		-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  (See 3GPP note at bottom of the table (i) )		-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)		-		180000		-		180000.00		-		180000.00		-		15,000		-		15000.00		-		15000.00

		(17b) Occupied channel bandwidth for data channel (for meeting the requirements of the traffic type) (Hz)		180,000		-		180000.00		-		180000.00		-		15,000		-		15000.00		-		15000.00		-

		(18a) Effective noise power for control channel = (16a) + 10 log((17a)) dBm		-		-114.03		-		-114.03		-		-114.03		-		-126.60		-		-126.60		-		-126.60

		(18b) Effective noise power for data channel = (16b) + 10 log((17b)) dBm		-114.03		-		-114.03		-		-114.03		-		-126.60		-		-126.60		-		-126.60		-

		(19a) Required SNR for the control channel (dB) 		-		-17.2		-		-16.70		-		-16.70		-		-17.90		-		-16.00		-		-16.00

		(19b) Required SNR for the data channel (dB) 		-16.9		-		-17.70		-		-17.70		-		-17.60		-		-16.60		-		-16.60		-

		(20) Receiver implementation margin (dB)		2		2		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		-		0.00		-		0.00		-		0.00		-		0.00		-		0.00

		(21b) H-ARQ gain for data channel (dB)		0		-		0.00		-		0.00		-		0.00		-		0.00		-		0.00		-

		(22a) Receiver sensitivity for control channel         = (18a) + (19a) + (20) – (21a)  dBm		-		-129.23		-		-128.73		-		-128.73		-		-142.50		-		-140.60		-		-140.60

		(22b) Receiver sensitivity for data channel          = (18b) + (19b) + (20) – (21b)  dBm		-128.93		-		-129.73		-		-129.73		-		-142.20		-		-141.20		-		-141.20		-

		(23a) Hardware link budget for control channel          = (9a) + (11) + (11bis) − (22a)   dB		-		178.31		-		177.81		-		177.81		-		182.53		-		180.63		-		180.63

		(23b) Hardware link budget for data channel           = (9b) + (11) + (11bis) − (22b)  dB		178.01		-		178.81		-		178.81		-		182.23		-		181.23		-		181.23		-

		Calculation of available pathloss

		(24) Lognormal shadow fading std deviation (dB)		4		4		6.00		6.00		6.00		6.00		4		4		6.00		6.00		6.00		6.00

		(25a) Shadow fading margin for control channel (function of the cell area reliability and (24)) (dB)		-		6.3		-		10.26		-		17.00		-		6.3		-		10.26		-		17.00

		(25b) Shadow fading margin for data channel (function of the cell area reliability and (24)) (dB) 		6.3		-		10.26		-		17.00		-		6.3		-		10.26		-		17.00		-

		(26) BS selection/macro-diversity gain (dB)		0		0		0.00		0.00		0.00		0.00		0		0		0.00		0.00		0.00		0.00

		(27) Penetration margin (dB)		0		0		0.00		0.00		21.92		21.92		0		0		0.00		0.00		21.92		21.92

		(28) Other gains (dB) (if any please specify)		0		0		0.00		0.00		0.00		0.00		0		0		0.00		0.00		0.00		0.00

		(29a) Available path loss for control channel          = (23a) – (25a) + (26) – (27) + (28) – (12)   dB		-		172.01		-		167.55		-		138.89		-		173.23		-		167.37		-		138.71

		(29b) Available path loss for data channel           = (23b) – (25b) + (26) – (27) + (28) – (12)   dB		171.71		-		168.55		-		139.89		-		172.93		-		167.97		-		139.31		-

		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)		-		40174.01				10472.42		-		1935.24		-		43110.76				10365.37				1915.45

		(30b) Maximum range for data channel (based on (29b) and according to the system configuration section of the link budget) (m)		39486.18		-		11108.00		-		2052.70		-		42372.65		-		10738.37		-		1984.39		-

		(31a) Coverage Area for control channel = (π (30a)2) (m2/site)		-		5070376446.11		-		344543655.10		-		11765708.81		-		5838767488.89		-		337535852.36		-		11526367.55

		(31b) Coverage Area for data channel = (π (30b)2) (m2/site)		4898241563.68		-		387633740.87		-		13237387.65		-		5640546405.96		-		362264940.35		-		12370953.38		-









UMa-mMTC (eMTC)

		Item		DL												UL

				PDSCH (LOS)		PDCCH (LOS)		PDSCH (NLOS)		PDCCH (NLOS)		PDSCH (NLOS O-to-I)		PDCCH (NLOS O-to-I)		PUSCH (LOS)		PUCCH   (LOS)		PUSCH  (NLOS)		PUCCH   (NLOS)		PUSCH  (NLOS O-to-I)		PUCCH  (NLOS O-to-I)

		System configuration

		Carrier frequency (GHz)		0.7		0.7		0.7		0.7		0.7		0.7		0.7		0.7		0.7		0.7		0.7		0.7

		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(1) for control channel  (%) (Please specify how it is calculated.) (See 3GPP note at bottom of the table (i) )		-		99%		-		99%		-		99%		-		99%		-		99%		-		99%

		Cell area reliability(1) for data channel (%) (Please specify how it is calculated.) (See 3GPP note at bottom of the table (i) )		99%		-		99%		-		99%		-		99%		-		99%		-		99%		-

		Transmission bit rate for control channel (bit/s)		-		70		-		70		-		70				62				15				15

		Transmission bit rate for data channel (bit/s)		183		-		183		-		183		-		457.00		-		320.00		-		320.00		-

		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(2) (bit/s/Hz)		1.694E-04		-		1.694E-04		-		1.694E-04		-		0.00254		-		0.00178		-		0.00178		-

		Pathloss model(3) (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		3		3		3		3		3		3		3		3		3		3		3

		Feeder loss (dB)		3		3		3		3		3		3		3		3		3		3		3		3

		Transmitter

		(1) Number of transmit antennas. (The number shall be within the indicated range in  § 8.4 of Report ITU-R M.2412-0) NOTE1		16		16		16		16		16		16		1		1		1		1		1		1

		(1bis) Number of transmit antenna ports		2		2		2		2		2		2		23		23		23		23		23		23

		(2) Maximal transmit power per antenna (dBm)		24.8		24.8		24.8		24.8		24.8		24.8		23.0		23.0		23.0		23.0		23.0		23.0

		(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) NOTE2		36.80		36.80		36.80		36.80		36.80		36.80		23.00		23.00		23.00		23.00		23.00		23.00

		(4) Transmitter antenna gain (dBi)		8.0		8.0		8.0		8.0		8.0		8.0		0		0.00		0		0.00		0		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		0		0		0		0		0		0		0		0		0		0		0

		(7) Data channel power loss due to pilot/control boosting (dB)		0		0		0		0		0		0		0		0		0		0		0		0

		(8) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for downlink)		3		3		3		3		3		3		0		0		0		0		0		0

		(9a) Control channel EIRP = (3) + (4) + (5) + (6) – (8) dBm		50.8		50.8		50.8		50.8		50.8		50.8		23.00		23.00		23.00		23.00		23.00		23.00

		(9b) Data channel EIRP = (3) + (4) + (5) – (7) – (8)  dBm		50.8		50.8		50.8		50.8		50.8		50.8		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		1		1		1		1		1		32.00		32.00		32.00		32.00		32.00		32.00

		(10bis) Number of receive antenna ports		1		1		1		1		1		1		4.00		4.00		4.00		4.00		4.00		4.00

		(11) Receiver antenna gain (dBi)		0		0		0		0		0		0		8.00		8.00		8.00		8.00		8.00		8.00

		(11bis) Receiver array gain (depends on transmitter 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		0		0		0		0		0		3		3		3		3		3		3

		(13) Receiver noise figure (dB)		7		7		7		7		7		7		5		5		5		5		5		5

		(14) Thermal noise density (dBm/Hz)		-174		-174		-174		-174		-174		-174		-174		-174		-174		-174		-174		-174

		(15a) Receiver interference density for control channel (dBm/Hz) (See 3GPP note at bottom of the table (i) )		-		-177		-		-177		-		-177		-		-177.00		-		-177.00		-		-177.00

		(15b) Receiver interference density for data channel (dBm/Hz) 		-177.0		-		-177.0		-		-177.0		-		-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  (See 3GPP note at bottom of the table (i) )		-		-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  (See 3GPP note at bottom of the table (i) )		-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)		-		1,080,000		-		1,080,000		-		1,080,000		-		180,000		-		180,000		-		180,000

		(17b) Occupied channel bandwidth for data channel (for meeting the requirements of the traffic type) (Hz)		1,080,000		-		1,080,000		-		1,080,000		-		180,000		-		180,000		-		180,000		-

		(18a) Effective noise power for control channel = (16a) + 10 log((17a)) dBm		-		-106.25		-		-106.25		-		-106.25		-		-115.81		-		-115.81		-		-115.81

		(18b) Effective noise power for data channel = (16b) + 10 log((17b)) dBm		-106.25		-		-106.25		-		-106.25		-		-115.81		-		-115.81		-		-115.81		-

		(19a) Required SNR for the control channel (dB) 		-		-21		-		-20.80		-		-20.80		-		-26.00		-		-26.00		-		-26.00

		(19b) Required SNR for the data channel (dB) 		-24.1		-		-21.90		-		-21.90		-		-24.60		-		-24.60		-		-24.60		-

		(20) Receiver implementation margin (dB)		2		2		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		-		0.00		-		0.00		-		0.00		-		0.00		-		0.00

		(21b) H-ARQ gain for data channel (dB)		0		-		0.00		-		0.00		-		0.00		-		0.00		-		0.00		-

		(22a) Receiver sensitivity for control channel         = (18a) + (19a) + (20) – (21a)  dBm		-		-125.25		-		-125.05		-		-125.05		-		-139.81		-		-139.81		-		-139.81

		(22b) Receiver sensitivity for data channel          = (18b) + (19b) + (20) – (21b)  dBm		-128.35		-		-126.15		-		-126.15		-		-138.41		-		-138.41		-		-138.41		-

		(23a) Hardware link budget for control channel          = (9a) + (11) + (11bis) − (22a)   dB		-		176.08		-		175.88		-		175.88		-		179.84		-		179.84		-		179.84

		(23b) Hardware link budget for data channel           = (9b) + (11) + (11bis) − (22b)  dB		179.18		-		176.98		-		176.98		-		178.44		-		178.44		-		178.44		-

		Calculation of available pathloss

		(24) Lognormal shadow fading std deviation (dB)		4		4		6.00		6.00		6.00		6.00		4		4		6.00		6.00		6.00		6.00

		(25a) Shadow fading margin for control channel (function of the cell area reliability and (24)) (dB)		-		6.3		-		10.26		-		17.00		-		6.3		-		10.26		-		17.00

		(25b) Shadow fading margin for data channel (function of the cell area reliability and (24)) (dB) 		6.3		-		10.26		-		17.00		-		6.3		-		10.26		-		17.00		-

		(26) BS selection/macro-diversity gain (dB)		0		0		0.00		0.00		0.00		0.00		0		0		0.00		0.00		0.00		0.00

		(27) Penetration margin (dB)		0		0		0.00		0.00		21.92		21.92		0		0		0.00		0.00		21.92		21.92

		(28) Other gains (dB) (if any please specify)		0		0		0.00		0.00		0.00		0.00		0		0		0.00		0.00		0.00		0.00

		(29a) Available path loss for control channel          = (23a) – (25a) + (26) – (27) + (28) – (12)   dB		-		169.78		-		165.62		-		136.97		-		170.54		-		166.58		-		137.92

		(29b) Available path loss for data channel           = (23b) – (25b) + (26) – (27) + (28) – (12)   dB		172.88		-		166.72		-		138.07		-		169.14		-		165.18		-		136.52		-

		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)		-		35351.46				9351.43		-		1728.05		-		36922.43				9892.90				1828.13

		(30b) Maximum range for data channel (based on (29b) and according to the system configuration section of the link budget) (m)		42257.85		-		9977.59		-		1843.78		-		34063.58		-		9109.60		-		1683.36		-

		(31a) Coverage Area for control channel = (π (30a)2) (m2/site)		-		3926128736.57		-		274730145.31		-		9381330.51		-		4282826796.11		-		307465964.20		-		10499374.51

		(31b) Coverage Area for data channel = (π (30b)2) (m2/site)		5610022376.12		-		312752960.38		-		10679944.13		-		3645276538.93		-		260704607.15		-		8902308.77		-





		NOTE1: The term "antenna" is understood as antenna elements.

		NOTE2: In-band mode is assumed for NB-IoT, which results in 35dBm transmission power.





UMa-URLLC (700MHz)

						DL								DL

		Item		UL								UL

				NR PUSCH (NLOS)		NR PDCCH (NLOS)		NR PDSCH (NLOS)		NR PUCCH (NLOS)		NR PUSCH (NLOS O-to-I)		NR PDCCH (NLOS O-to-I)		NR PDSCH (NLOS O-to-I)		NR PUCCH (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

		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(1) for control channel  (%) (Please specify how it is calculated.) (See 3GPP note at bottom of the table (i) )		-		95%		-		95%		-		95%		-		95%

		Cell area reliability(1) for data channel (%) (Please specify how it is calculated.) (See 3GPP note at bottom of the table (i) )		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		-		0.00		-		0.00		-		0.00		-		0.00

		Target packet error rate for the required SNR in item (19b) for data channel		0.00		-		0.00		-		0.00		-		0.00		-

		Spectral efficiency(2) (bit/s/Hz)		0.04		-		0.01		-		0.04		-		0.01		-

		Pathloss model(3) (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)		1.00		64.00		64.00		1.00		1.00		64.00		64.00		1.00

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

		(2) Maximal transmit power per antenna (dBm)		23.00		28.00		28.00		23.00		23.00		28.00		28.00		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)		23.00		46.06		46.06		23.00		23.00		46.06		46.06		23.00

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

		(5) Transmitter array gain (depends on transmitter array configurations and technologies such as adaptive beam forming, CDD (cyclic delay diversity), etc.) (dB)		0.00		15.05		15.05		0.00		0.00		15.05		15.05		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)		1.00		3.00		3.00		1.00		1.00		3.00		3.00		1.00

		(9a) Control channel EIRP = (3) + (4) + (5) + (6) – (8) dBm		22.00		66.11		66.11		22.00		22.00		66.11		66.11		22.00

		(9b) Data channel EIRP = (3) + (4) + (5) – (7) – (8)  dBm		22.00		66.11		66.11		22.00		22.00		66.11		66.11		22.00

		Receiver

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

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

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

		(11bis) Receiver array gain (depends on transmitter array configurations and technologies such as adaptive beam forming, etc.) (dB)		15.05		0.00		0.00		15.05		15.05		0.00		0.00		15.05

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

		(13) Receiver noise figure (dB)		5.00		7.00		7.00		5.00		5.00		7.00		7.00		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) (See 3GPP note at bottom of the table (i) )		-		-169.30		-		-161.70		-		-169.30		-		-161.70

		(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  (See 3GPP note at bottom of the table (i) )		-		-164.99		-		-160.96		-		-164.99		-		-160.96

		(16b) Total noise plus interference density for data channel        = 10 log (10^(((13) + (14))/10) + 10^((15b)/10))  dBm/Hz  (See 3GPP note at bottom of the table (i) )		-164.03		-		-164.99		-		-164.03		-		-164.99		-

		(17a) Occupied channel bandwidth for control channel (for meeting the requirements of the traffic type) (Hz)		-		18360000.00		-		360000.00		-		18360000.00		-		360000.00

		(17b) Occupied channel bandwidth for data channel (for meeting the requirements of the traffic type) (Hz)		5760000.00		-		18360000.00		-		5760000.00		-		18360000.00		-

		(18a) Effective noise power for control channel = (16a) + 10 log((17a)) dBm		-		-92.35		-		-105.40		-		-92.35		-		-105.40

		(18b) Effective noise power for data channel = (16b) + 10 log((17b)) dBm		-96.43		-		-92.35		-		-96.43		-		-92.35		-

		(19a) Required SNR for the control channel (dB) 		-		-2.70		-		4.20		-		-2.70		-		4.20

		(19b) Required SNR for the data channel (dB) 		-2.00		-		-2.50		-		-1.90		-		-2.40		-

		(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)		0.50		-		0.50		-		0.50		-		0.50		-

		(22a) Receiver sensitivity for control channel         = (18a) + (19a) + (20) – (21a)  dBm		-		-93.05		-		-99.20		-		-93.05		-		-99.20

		(22b) Receiver sensitivity for data channel          = (18b) + (19b) + (20) – (21b)  dBm		-96.93		-		-93.35		-		-96.83		-		-93.25		-

		(23a) Hardware link budget for control channel          = (9a) + (11) + (11bis) − (22a)   dB		-		159.16		-		144.25		-		159.16		-		144.25

		(23b) Hardware link budget for data channel           = (9b) + (11) + (11bis) − (22b)  dB		141.98		-		159.46		-		141.88		-		159.36		-

		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)		-		8.11		-		8.11		-		8.30		-		8.30

		(25b) Shadow fading margin for data channel (function of the cell area reliability and (24)) (dB) 		4.89		-		4.89		-		5.10		-		5.10		-

		(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		14.41		14.41		14.41		14.41

		(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		-		141.05		-		124.14		-		135.46		-		118.54

		(29b) Available path loss for data channel           = (23b) – (25b) + (26) – (27) + (28) – (12)   dB		125.09		-		144.57		-		119.37		-		138.86		-

		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)				2198.69				811.50				1581.08				583.55

		(30b) Maximum range for data channel (based on (29b) and according to the system configuration section of the link budget) (m)		858.41		-		2705.43		-		612.94		-		1931.77		-

		(31a) Coverage Area for control channel = (π (30a)2) (m2/site)		-		15187261.44		-		2068817.49		-		7853413.28		-		1069796.48

		(31b) Coverage Area for data channel = (π (30b)2) (m2/site)		2314950.70		-		22994436.16		-		1180264.87		-		11723586.70		-
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NR MaxN_RB

				Transmission bandwidth configuration NRB in NR

				FR1

				SCS (kHz)		5MHz		10MHz		15MHz		20 MHz		25 MHz		30 MHz		40 MHz		50MHz		60 MHz		70		80 MHz		90 MHz		100 MHz

																								MHz

						NRB		NRB		NRB		NRB		NRB		NRB		NRB		NRB		NRB		NRB		NRB		NRB		NRB

				15		25		52		79		106		133		160		216		270		N/A		N.A		N/A		N/A		N/A

				30		11		24		38		51		65		78		106		133		162		189		217		245		273

				60		N/A		11		18		24		31		38		51		65		79		93		107		121		135



				FR2

				SCS [kHz]		50 MHz		100 MHz		200 MHz		400 MHz

						NRB		NRB		NRB		NRB

				60		66		132		264		N.A

				120		32		66		132		264
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Consolidated Changes



The RIT proposed by TSDSI is building on the 3GPP 5G NR standard and providing enhancements through appropriate modifications of the 3GPP 38 series.  In this document, we provide the summary of the changes and the exact changes in the 38 Series.  The following changes are proposed.



1. Bandwidth part selection

2. Values of scheduled bandwidth for mapping UL PTRS with transform precoding

3. Fast SRS precoding

4. Non-precoded DMRS for PI/2 BPSK and other enhancements





Band width part selection





Documents effected

1. 38.331

2. 38.214



The following changes are proposed:



		Text Changes to 38 Series



……………………………………………………………………………………………………………………………………….



Modification to 38.331-f10

……………………………………………………………………………………………………………………………………….



Modify the BWP-IE in section 6.3.2 as follows



(Changes are highlighted and italicized)



LocationAndBandwidthAsRBG ::= 					SEQUENCE {



    -- row index corresponding to RBG Sizes from the set {2,4,8,16}

    rbgIndex			    INTEGER (0..3),  

    -- number of complete RBGs in the BWP

    s1			        INTEGER (0..18),

    -- Frequency domain location and residual RBs of this bandwidth part defined commonly in a table (FFS_Section). The location is given as 

	-- distance (in number of RBGs) to point A (absoluteFrequencyPointA in FrequencyInfoDL). 

	-- Corresponds to L1 parameter 'DL-BWP-loc'. (see 38.211, section FFS_Section).		

	-- In case of TDD, a BWP-pair (UL BWP and DL BWP with the same bwp-Id) must have the same location (see 38.211, section REF)

    s2AndLocation		INTEGER (0..511)

}



[bookmark: _Hlk493885487]-- Generic parameters used in Uplink- and Downlink bandwidth parts

BWP ::= 					SEQUENCE {





    locationAndBandwidthConfig  					CHOICE {



    locationAndBandwidthAsRBG       LocationAndBandwidthAsRBG

    -- Frequency domain location and bandwidth of this bandwidth part defined commonly in a table (FFS_Section). The location is given as 

	-- distance (in number of PRBs) to point A (absoluteFrequencyPointA in FrequencyInfoDL). 

	-- Corresponds to L1 parameter 'DL-BWP-loc'. (see 38.211, section FFS_Section).		

	-- In case of TDD, a BWP-pair (UL BWP and DL BWP with the same bwp-Id) must have the same location (see 38.211, section REF)

	locationAndBandwidth			INTEGER (0..37949),                               



    }

	-- Subcarrier spacing to be used in this BWP for all channels and 

	-- reference signals unless explicitly configured elsewhere.

	-- Corresponds to subcarrier spacing according to 38.211, Table 4.2-1. 

	-- The value kHz15 corresponds to µ=0, kHz30 to µ=1, and so on. Only the values 15 or 30 kHz  (<6GHz), 60 or 120 kHz (>6GHz) are 

	-- applicable.

	subcarrierSpacing				SubcarrierSpacing,

[bookmark: _Hlk503891113]	-- Indicates whether to use the extended cyclic prefix for this bandwidth part. If not set, the UE uses the normal cyclic prefix. 

	-- Normal CP is supported for all numerologies and slot formats. Extended CP is supported only for 60 kHz subcarrier spacing. 

	-- (see 38.211, section 4.2.2)

	cyclicPrefix					ENUMERATED { extended }								OPTIONAL	-- Need R

}



……………………………………………………………………………………………………………………………………….



Modification to 38.214-f10

……………………………………………………………………………………………………………………………………….



Modify section 5.1.2.2.1 as follows



(Changes are highlighted in red color)



In downlink resource allocation of type 0, the resource block assignment information includes a bitmap indicating the Resource Block Groups (RBGs) that are allocated to the scheduled UE where a RBG is a set of consecutive virtual resource blocks. If higher layer parameter locationAndBandwidth is selected, RBG is defined by higher layer parameter rbg-Size configured for PDSCH and the size of the carrier bandwidth part as defined in Table 5.1.2.2.1-1.

Table 5.1.2.2.1-1: Nominal RBG size P

		Bandwidth Part Size

		Configuration 1

		Configuration 2



		1 – 36

		2

		4



		37 – 72

		4

		8



		73 – 144

		8

		16



		145 – 275

		16

		16







If higher layer parameter locationAndBandwidthAsRBG is selected, RBG is defined by higher layer parameter rbg-Size configured for PDSCH and the rbgIndex configured for the carrier bandwidth part as defined in Table 5.1.2.2.1-2.

Table 5.1.2.2.1-2: Nominal RBG size P

		rbgIndex

		Configuration 1

		Configuration 2



		0

		2

		4



		1

		4

		8



		2

		8

		16



		3

		16

		16









Modify section 6.1.2.2.1 as follows



In uplink resource allocation of type 0, the resource block assignment information includes a bitmap indicating the Resource Block Groups (RBGs) that are allocated to the scheduled UE where a RBG is a set of consecutive virtual resource blocks. If higher layer parameter locationAndBandwidth is selected, RBG is defined by higher layer parameter rbg-Size configured for PUSCH and the size of the carrier bandwidth part as defined in Table 6.1.2.2.1-1.

Table 6.1.2.2.1-1: Nominal RBG size P

		Carrier Bandwidth Part Size

		Configuration 1

		Configuration 2



		1 – 36 

		2

		4



		37 – 72

		4

		8



		73 – 144

		8

		16



		145 – 275

		16

		16





If higher layer parameter locationAndBandwidthAsRBG is selected, RBG is defined by higher layer parameters rbg-Size configured for PUSCH and the rbgIndex configured for the carrier bandwidth part as defined in Table 6.1.2.2.1-2.

Table 6.1.2.2.1-2: Nominal RBG size P

		rbgIndex

		Configuration 1

		Configuration 2



		0

		2

		4



		1

		4

		8



		2

		8

		16



		3

		16

		16





















Values of scheduled bandwidth for mapping UL PTRS with transform precoding



Documents effected

1. 38.211

2. 38.214





Proposed Changes

38.211

The UE shall transmit phase-tracking reference signals only in the resource blocks used for the PUSCH, and only if the procedure in [6, TS 38.214] indicates that phase-tracking reference signals are being used.









The sequenceshall be multiplied by and mapped to complex valued symbols in where





-	are the complex-valued symbols in OFDM symbol  before transform precoding according to Subclause 6.3.1.4









-	depends on the number of PT-RS groups, the number of samples per PT-RS group, and  according toTable 6.4.1.2.2.2-1. 





The values of  and  are determined based on Table 6.4.1.2.2.2-2.

Table  6.4.1.2.2.2-2: Threshold values of scheduled BW (NRBi, i=0,1,2,3,4,5)

		Config0

		Config1



		NRB0 = 0

		NRB0 = 0



		NRB1 = 8

		NRB1 = NRB2 = 24



		NRB2 = NRB3 = 24

		NRB3 = NRB4 = 96



		NRB4 = 96

		

















Threshold values in Config0 is selected when transmit MCS <10, while threshold values in Config1 is selected when transmit MCS ≥ 10.

38.214

When transform precoding is enabled and if a UE is configured with the higher layer parameter UL-PTRS-present-transform-precoding,

 -    theUE shall be configured with the higher layer parameters sampleDensityand the UE shall assume if  the UE is configured with higher layer parameters sampleDensity, the UE shall assume the PT-RS antenna ports' presence and PT-RS group pattern are a function of the corresponding scheduled bandwidth in a corresponding bandwidth part, as shown in Table 6.2.3.2-1. 

 -    if the UE is not configured with the higher layer parameters sampleDensity,  the threshold values of scheduled bandwidth, i.e., (NRBi, i=0,1,..4) are based on  Table 6.4.1.2.2.2-2 in [1, TS 38.211] and the UE shall assume the PT-RS antenna ports' presence and PT-RS group pattern are a function of the corresponding scheduled bandwidth in a corresponding bandwidth part, as shown in Table 6.2.3.2-1.

  -   if the higher layer parameter MCS_Enable is set, then UE shall assume NRB2 = NRB1 and NRB4 = NRB3.

      The UE shall assume no PT-RS is present when the number of scheduled RBs is less than or equal to NRB0 if NRB0> 0 or if the RNTI equals TC-RNTI.



III  Changes suggested in PTRS-UplinkConfig information element in Section 6.3.2 in TS 38.331 (shown in RED)

PTRS-UplinkConfig information element

-- ASN1START

-- TAG-PTRS-UPLINKCONFIG-START



PTRS-UplinkConfig ::= 					SEQUENCE { 



	modeSpecificParameters					CHOICE {

		-- Configuration of UL PTRS for CP-OFDM

		cp-OFDM									SEQUENCE {

			-- Presence and  frequency density of UL PT-RS for CP-OFDM waveform as a function of scheduled BW 

			-- If the field is absent, the UE uses K_PT-RS = 2.

			-- Corresponds to L1 parameter 'UL-PTRS-frequency-density-table' (see 38.214, section 6.1)

			frequencyDensity						SEQUENCE (SIZE (2)) OF INTEGER (1..276)		OPTIONAL,	-- Need S

			-- Presence and time density of UL PT-RS for CP-OFDM waveform as a function of MCS 

				-- If the field is absent, the UE uses L_PT-RS = 1.

			-- Corresponds to L1 parameter 'UL-PTRS-time-density-table' (see 38.214, section 6.1)

			timeDensity								SEQUENCE (SIZE (3)) OF INTEGER (0..29)		OPTIONAL, 	-- Need S

			-- The maximum number of UL PTRS ports for CP-OFDM. 

			-- Corresponds to L1 parameter 'UL-PTRS-ports' (see 38.214, section 6.2.3.1)

			maxNrofPorts								ENUMERATED {n1, n2},

			-- Indicates the subcarrier offset for UL PTRS for CP-OFDM. 

			-- Corresponds to L1 parameter 'UL-PTRS-RE-offset' (see 38.214, section 6.1)

			resourceElementOffset					ENUMERATED {offset01, offset10, offset11 }			OPTIONAL,	-- Need S

			-- UL PTRS power boosting factor per PTRS port. Corresponds to L1 parameter 'UL-PTRS-power' (see 38.214, section 6.1, table 6.2.3-5)

			ptrs-Power								ENUMERATED {p00, p01, p10, p11}

		},

		-- Configuration of UL PTRS for DFT-S-OFDM. 

		dft-S-OFDM								SEQUENCE {

			-- Sample density of PT-RS for DFT-s-OFDM, pre-DFT, indicating a set of thresholds T={NRBn,n=0,1,2,3,4},

			-- that indicates dependency between presence of PT-RS and scheduled BW and the values of X and K the UE should 

			-- use depending on the scheduled BW according to the table in 38.214 FFS_Section. 

			-- Corresponds to L1 parameter 'UL-PTRS-pre-DFT-density' (see 38.214, section 6.1, 6.2.3-3)

			sampleDensity						SEQUENCE (SIZE (5)) OF INTEGER (1..276), OPTIONAL,	--

			-- Time density (OFDM symbol level) of PT-RS for DFT-s-OFDM. If the value is absent, the UE applies value d1.

			-- Corresponds to L1 parameter 'UL-PTRS-time-density-transform-precoding' (see 38.214, section 6.1)

			timeDensity							ENUMERATED {d2}	          OPTIONAL	-- Need S

     

            MCS_Enable                           BOOLEAN               OPTIONAL        

		}

	}																													OPTIONAL,	-- Cond M

	...

}



-- TAG-PTRS-UPLINKCONFIG-STOP

-- ASN1STOP





Fast SRS precoding



Documents effected

1. 38.331

2. 38.214





38.214 

6.1.1.2	Non-Codebook based UL transmission

[bookmark: _Hlk494787623]For non-codebook based transmission, the UE can determine its PUSCH precoder and transmission rank based on the wideband SRI when multiple SRS resources are configured, where the SRI is given by the SRS resource indicator in DCI according to subclause 7.3.1.1.2 of [5, 38.212], or the SRI is given by srs-ResourceIndicator according to subclause 6.1.2.3. The UE shall use one or multiple SRS resources for SRS transmission, where the number of SRS resources which can be configured to the UE for simultaneously transmission in the same RBs is a UE capability. Only one SRS port for each SRS resource is configured. Only one SRS resource set can be configured with higher layer parameter usage in SRS-ResourceSet set to 'nonCodebook'. The maximum number of SRS resources that can be configured for non-codebook based uplink transmission is 4. The indicated SRI in slot n is associated with the most recent transmission of SRS resource identified by the SRI, where the SRS resource is prior to the PDCCH carrying the SRI before slot n.

For non-codebook based transmission, the UE can calculate the precoder used for the transmission of precoded SRS based on measurement of an associated NZP CSI-RS resource. A UE can be configured with only one NZP CSI-RS resource for the SRS resource set with higher layer parameter usage in SRS-ResourceSet set to 'nonCodebook'.

[bookmark: _Hlk515954588]-   If aperiodic SRS resource set is configured, the associated NZP-CSI-RS for UL channel measurement is indicated via SRS request field in DCI format 0_1 and 1_1, where AperiodicSRS-ResourceTrigger (indicating the association among aperiodic SRS triggering state), triggered SRS resource(s) srs-ResourceSetId, csi-RS (indicating the associated NZP-CSI-RS-ResourceId for UL channel measurement) are higher layer configured in SRS-ResourceSet. A UE is not expected to update the SRS precoding information if the gap from the last symbol of the reception of the aperiodic NZP-CSI-RS resource and the first symbol of the aperiodic SRS transmission including the effect of timing advance is less than SRS Precoding Configuration Delay42 OFDM symbols. If srs-precoding-delay in SRS-Config is configured by higher layer to low, then SRS Precoding Configuration Delay is given as in Table 6.1.1.2-1 else it is 42 OFDM symbols.

-	If the UE configured with aperiodic SRS associated with aperiodic NZP CSI-RS resource, the presence of the associated CSI-RS is indicated by the SRS request field if the value of the SRS request field is not '00' as in Table 7.3.1.1.2-24 of [5, TS 38.212]. The CSI-RS is located in the same slot as the SRS request field, while any of the tci-States for aperiodic CSI-RS shall not be configured with 'QCL-Type-D'.

-	If periodic or semi-persistent SRS resource set is configured, the NZP-CSI-RS-ResourceConfigID for measurement is indicated via higher layer parameter associatedCSI-RS in SRS-ResourceSet.



Table 6.1.1.2-1: SRS Precoding Configuration Delay

		µ

		Delay in number of OFDM symbols



		0

		4



		1

		7



		2

		14



		3

		29







38.331 



SRS-ResourceSet ::= 					SEQUENCE {

	srs-ResourceSetId						SRS-ResourceSetId,

	srs-ResourceIdList						SEQUENCE (SIZE(1..maxNrofSRS-ResourcesPerSet)) OF SRS-ResourceId		OPTIONAL,	-- Cond Setup



	resourceType							CHOICE {

		aperiodic								SEQUENCE {

			aperiodicSRS-ResourceTrigger			INTEGER (1..maxNrofSRS-TriggerStates-1),

			csi-RS									NZP-CSI-RS-ResourceId						OPTIONAL, 	-- Cond NonCodebook

			slotOffset								INTEGER (1..32)								OPTIONAL,	-- Need S

srs-precoding-delay                        INTEGER(0..1)     OPTIONAL,              

			...

		},

		semi-persistent							SEQUENCE {

			associatedCSI-RS						NZP-CSI-RS-ResourceId											OPTIONAL, -- Cond NonCodebook

			...

		},

		periodic								SEQUENCE {

			associatedCSI-RS						NZP-CSI-RS-ResourceId											OPTIONAL, -- Cond NonCodebook

			...

		}

	},





		SRS-Resource field descriptions



		srs-precoding-delay 
If the field value is low (0), then the precoding delays are considered from the table (see 38.214, section 6.1.1.2)



		cyclicShift-n2

Cyclic shift configuration. Corresponds to L1 parameter 'SRS-CyclicShiftConfig' (see 38.214, section 6.2.1)



		cyclicShift-n4

Cyclic shift configuration. Corresponds to L1 parameter 'SRS-CyclicShiftConfig' (see 38.214, section 6.2.1)











Precoding for pi/2 BPSK waveform and other enhancements





In this section, we describe the list of changes submitted over and top of the 15.3 version of the 3GPP 5G NR 38 series specifications.

The list of changes includes modifications to the following specifications – 

a) 38211 (RAN1)

b) 38213 (RAN1)

c) 38306 (RAN2)

d) 38331(RAN2)

e) 38101-1(RAN4)

f) 38101-2(RAN4)

The section numbers and the content changed are mentioned below. The modified content is highlighted in red color.



38.211



6.3.1.4	Transform precoding

If transform precoding is not enabled according to 6.1.3 of [6, TS38.214],  for each layer .

If transform precoding is enabled according to 6.1.3 of [6, TS38.214],  and  depends on the configuration of phase-tracking reference signals.

If the procedure in [6, TS 38.214] indicates that phase-tracking reference signals are not being used, the block of complex-valued symbols  for the single layer  shall be divided into  sets, each corresponding to one OFDM symbol and . 

If the procedure in [6, TS 38.214] indicates that phase-tracking reference signals are being used, the block of complex-valued symbols  shall be divided into sets, each set corresponding to one OFDM symbol, and where set  contains  symbols and is mapped to the complex-valued symbols  corresponding to OFDM symbol  prior to transform precoding, with  and . The index  of PT-RS samples in set , the number of samples per PT-RS group , and the number of PT-RS groups  are defined in clause 6.4.1.2.2.2. The quantity  when OFDM symbol  contains one or more PT-RS samples, otherwise . 

When π/2-BPSK is enabled for PUCCH/PUSCH transmission by higher layer parameters, the complex valued symbols, the complex-valued symbols  are precoded to create new symbols  ,  and the transform precoding shall be applied according to



resulting in a block of complex-valued symbols . The variable, where  represents the bandwidth of the PUSCH in terms of resource blocks, and shall fulfil

	[image: ]

where  is a set of non-negative integers. 

For other modulation schemes, i.e., when π/2-BPSK is not enabled for PUCCH/PUSCH transmission by higher layer parameters transform precoding shall be applied according to



	







resulting in a block of complex-valued symbols . The variable, where  represents the bandwidth of the PUSCH in terms of resource blocks, and shall fulfil

	[image: ]



where  is a set of non-negative integers. 

6.4.1.1.1.2	Sequence generation when transform precoding is enabled

If transform precoding for PUSCH is enabled, the reference-signal sequence  shall be generated according to





where  is given by clause 5.2.2 with  and  for a PUSCH transmission dynamically scheduled by DCI.

The sequence group [image: ], where [image: ] is given by

-	 if  is configured by the higher-layer parameter nPUSCH-Identity in the DMRS-UplinkConfig IE and the PUSCH is not a msg3 PUSCH according to clause 8.3 in [5, TS 38.213].

-	 otherwise

where [image: ] and the sequence number  are given by:

-	if neither group, nor sequence hopping shall be used

	[image: ]

-	if group hopping but not sequence hopping shall be used 

	[image: ]

	where the pseudo-random sequence  is defined by clause 5.2.1 and shall be initialized with [image: ] at the beginning of each radio frame

-	if sequence hopping but not group hopping shall be used

	[image: ]

	where the pseudo-random sequence  is defined by clause 5.2.1 and shall be initialized with [image: ] at the beginning of each radio frame 

The quantity  above is the OFDM symbol number except for the case of double-symbol DMRS in which case  is the OFDM symbol number of the first symbol of the double-symbol DMRS. 

If transform precoding is enabled according to 6.1.3 of [6, TS38.214], and when π/2-BPSK is enabled for PUSCH transmission by higher layer parameters, the reference signals remain un-filtered and  is configurable to adjust the relative power level of the reference signal with respect to the PUSCH data. For other modulation schemes, .



[bookmark: _Toc524610272][bookmark: _Hlk535225542]6.4.1.3.3	Demodulation reference signal for PUCCH formats 3 and 4

[bookmark: _Toc524610273]6.4.1.3.3.1	Sequence generation

The reference-signal sequence  shall be generated according to



where  is given by clause 6.3.2.6.3 and  is given by clause 6.3.2.2. 

The cyclic shift  varies with the symbol number and slot number according to clause 6.3.2.2.2 with [image: ] for PUCCH format 3 and obtained from Table 6.4.1.3.3.1-1 with the orthogonal sequence index  given by clause 6.3.2.6.3 for PUCCH format 4.

If transform precoding is enabled according to 6.1.3 of [6, TS38.214], and when π/2-BPSK is enabled for PUCCH format 3 and 4 transmission by higher layer parameters, the reference signals remain un-filtered and  is configurable. For other modulation schemes, 



38.213

[bookmark: _Toc525657949]9.2.2	PUCCH Formats for UCI transmission

…..

A number of DMRS symbols for a PUCCH transmission using PUCCH format 3 or 4 is provided by higher layer parameter additionalDMRS. 

/2-PBSK is used, instead of QPSK, for a PUCCH transmission using PUCCH format 3 or 4 if higher layer parameter pi2BPSK is enabled.

38.214

[bookmark: _Toc525748116]6.1.4.1	Modulation order and target code rate determination

…..

For Table 6.1.4.1-1 and Table 6.1.4.1-2, if higher layer parameter PUSCH-tp-pi2BPSK is enabled, q = 1 otherwise q=2.



38.306

The support for pi2BPSK modulation for PUCCH and PUSCH is made mandatory for both FR1 and FR2 bands,

		Definitions for parameters

		Per

		M

		FDDTDD

DIFF

		FR1

FR2

DIFF



		pucch-F3-4-HalfPi-BPSK

Indicates whether the UE supports pi/2-BPSK for PUCCH format 3/4.

		UE

		Yes

		No

		No



		pusch-HalfPi-BPSK

Indicates whether the UE supports pi/2-BPSK for PUSCH. 

		UE

		Yes

		No

		No







38.331

Earlier it was optional and only if the field is present, then the UE depending on the capability it is used. Now the parameter pi2BPSK is made mandatory.

PUCCH-Config

The IE PUCCH-Config is used to configure UE specific PUCCH parameters (per BWP).

PUCCH-Config information element

-- ASN1START

-- TAG-PUCCH-CONFIG-START



PUCCH-Config ::=                        SEQUENCE {

    resourceSetToAddModList                 SEQUENCE (SIZE (1..maxNrofPUCCH-ResourceSets)) OF PUCCH-ResourceSet             OPTIONAL,   -- Need N

    resourceSetToReleaseList                SEQUENCE (SIZE (1..maxNrofPUCCH-ResourceSets)) OF PUCCH-ResourceSetId           OPTIONAL,   -- Need N



    resourceToAddModList                    SEQUENCE (SIZE (1..maxNrofPUCCH-Resources)) OF PUCCH-Resource                   OPTIONAL,   -- Need N

    resourceToReleaseList                   SEQUENCE (SIZE (1..maxNrofPUCCH-Resources)) OF PUCCH-ResourceId                 OPTIONAL,   -- Need N



    format1                                 SetupRelease { PUCCH-FormatConfig }                                             OPTIONAL,   -- Need M

    format2                                 SetupRelease { PUCCH-FormatConfig }                                             OPTIONAL,   -- Need M

    format3                                 SetupRelease { PUCCH-FormatConfig }                                             OPTIONAL,   -- Need M

    format4                                 SetupRelease { PUCCH-FormatConfig }                                             OPTIONAL,   -- Need M



    schedulingRequestResourceToAddModList   SEQUENCE (SIZE (1..maxNrofSR-Resources)) OF SchedulingRequestResourceConfig     OPTIONAL, -- Need N

    schedulingRequestResourceToReleaseList  SEQUENCE (SIZE (1..maxNrofSR-Resources)) OF SchedulingRequestResourceId         OPTIONAL, -- Need N



    multi-CSI-PUCCH-ResourceList            SEQUENCE (SIZE (1..2)) OF PUCCH-ResourceId                                      OPTIONAL,-- Need M

    dl-DataToUL-ACK                         SEQUENCE (SIZE (1..8)) OF INTEGER (0..15)                                           OPTIONAL,   -- Need M



    spatialRelationInfoToAddModList         SEQUENCE (SIZE (1..maxNrofSpatialRelationInfos)) OF PUCCH-SpatialRelationInfo   OPTIONAL,   -- Need N

    spatialRelationInfoToReleaseList        SEQUENCE (SIZE (1..maxNrofSpatialRelationInfos)) OF PUCCH-SpatialRelationInfoId OPTIONAL,   -- Need N



    pucch-PowerControl                      PUCCH-PowerControl                                                              OPTIONAL,   -- Need M

    ...

}



PUCCH-FormatConfig ::=                  SEQUENCE {

    interslotFrequencyHopping               ENUMERATED {enabled}                                                        OPTIONAL,   -- Need R

    additionalDMRS                          ENUMERATED {true}                                                           OPTIONAL,   -- Need R

    maxCodeRate                             PUCCH-MaxCodeRate                                                           OPTIONAL,   -- Need R

    nrofSlots                               ENUMERATED {n2,n4,n8}                                                       OPTIONAL,   -- Need S

    pi2BPSK                                 ENUMERATED {enabled},                                                      

    simultaneousHARQ-ACK-CSI                ENUMERATED {true}                                                           OPTIONAL    -- Need R

}

………



Similar to PUCCH, even for PUSCH pi2BPSK is made mandatory.



PUSCH-Config

The IE PUSCH-Config is used to configure the UE specific PUSCH parameters applicable to a particular BWP.

PUSCH-Config information element

-- ASN1START

-- TAG-PUSCH-CONFIG-START



PUSCH-Config ::=                        SEQUENCE {

    dataScramblingIdentityPUSCH             INTEGER (0..1023)                                                           OPTIONAL,   -- Need S

    txConfig                                ENUMERATED {codebook, nonCodebook}                                      OPTIONAL,   -- Need S

    dmrs-UplinkForPUSCH-MappingTypeA        SetupRelease { DMRS-UplinkConfig }                                          OPTIONAL,   -- Need M

    dmrs-UplinkForPUSCH-MappingTypeB        SetupRelease { DMRS-UplinkConfig }                                          OPTIONAL,   -- Need M



    pusch-PowerControl                      PUSCH-PowerControl                                                          OPTIONAL, -- Need M

    frequencyHopping                        ENUMERATED {intraSlot, interSlot}                                               OPTIONAL,   -- Need S

    frequencyHoppingOffsetLists             SEQUENCE (SIZE (1..4)) OF INTEGER (1.. maxNrofPhysicalResourceBlocks-1)     OPTIONAL,   -- Need M

    resourceAllocation                      ENUMERATED { resourceAllocationType0, resourceAllocationType1, dynamicSwitch},

    pusch-TimeDomainAllocationList          SetupRelease { PUSCH-TimeDomainResourceAllocationList }                     OPTIONAL,   -- Need M

    pusch-AggregationFactor                 ENUMERATED { n2, n4, n8 }                                       OPTIONAL,   -- Need S

    mcs-Table                               ENUMERATED {qam256, qam64LowSE}                                     OPTIONAL,   -- Need S

    mcs-TableTransformPrecoder              ENUMERATED {qam256, qam64LowSE}                                 OPTIONAL,   -- Need S

    transformPrecoder                       ENUMERATED {enabled, disabled}                                  OPTIONAL,   -- Need S

    codebookSubset                          ENUMERATED {fullyAndPartialAndNonCoherent, partialAndNonCoherent,

                                                            nonCoherent}                                        OPTIONAL,   -- Cond codebookBased

    maxRank                                 INTEGER (1..4)                                                  OPTIONAL,   -- Cond codebookBased

    rbg-Size                                ENUMERATED { config2}                                               OPTIONAL,   -- Need S

    uci-OnPUSCH                             SetupRelease { UCI-OnPUSCH}                                 OPTIONAL, -- Need M

    tp-pi2BPSK                              ENUMERATED {enabled},                                            

    ...

}



UCI-OnPUSCH ::=                         SEQUENCE {

    betaOffsets                             CHOICE {

            dynamic                             SEQUENCE (SIZE (4)) OF BetaOffsets,

            semiStatic                          BetaOffsets

    }                                                                                                                   OPTIONAL, -- Need M

    scaling                                 ENUMERATED { f0p5, f0p65, f0p8, f1 }

}



-- TAG-PUSCH-CONFIG-STOP

-- ASN1STOP



Phy-Parameters 

The IE Phy-Parameters is used to convey the physical layer capabilities.

Phy-Parameters information element

-- ASN1START

-- TAG-PHY-PARAMETERS-START



Phy-Parameters ::=                  SEQUENCE {

…..

Phy-ParametersFRX-Diff ::=          SEQUENCE {

…….

    twoDifferentTPC-Loop-PUCCH          ENUMERATED {supported}                      OPTIONAL,

    pusch-HalfPi-BPSK                   ENUMERATED {supported},

    pucch-F3-4-HalfPi-BPSK              ENUMERATED {supported},

    almostContiguousCP-OFDM-UL          ENUMERATED {supported}                      OPTIONAL,

    sp-CSI-RS                           ENUMERATED {supported}                      OPTIONAL,

    sp-CSI-IM                           ENUMERATED {supported}                      OPTIONAL,

    tdd-MultiDL-UL-SwitchPerSlot        ENUMERATED {supported}                      OPTIONAL,

    multipleCORESET                     ENUMERATED {supported}                      OPTIONAL,

    ...

}
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[bookmark: _Toc526340254]6.2.2	UE maximum output power reduction

UE is allowed to reduce the maximum output power due to higher order modulations and transmit bandwidth configurations. For UE Power Class [2] and 3, the allowed maximum power reduction (MPR) is defined in Table 6.2.2-2 and Table 6.2.2-1, respectively for channel bandwidths that meets both following criteria:

Channel bandwidth ≤ 100MHz.

Relative channel bandwidth ≤ 4% for TDD bands and ≤ 3% for FDD bands

Where relative channel bandwith = 2*BWChannel / (FUL_low  + FUL_high)  

Table 6.2.2-1 Maximum power reduction (MPR) for power class 3

		Modulation

		

		MPR (dB)



		

		Edge RB allocations

		Outer RB allocations

		Inner RB allocations



		DFT-s-OFDM PI/2 BPSK

		≤3.51

		≤ 1.21

		≤0.21



		

		0.52

		0.52

		02



		DFT-s-OFDM QPSK

		≤ 1

		0



		DFT-s-OFDM 16 QAM

		≤ 2

		≤ 1



		DFT-s-OFDM 64 QAM

		≤ 2.5



		DFT-s-OFDM 256 QAM

		4.5



		CP-OFDM QPSK

		≤ 3

		≤ 1.5



		CP-OFDM 16 QAM

		≤ 3

		≤ 2



		CP-OFDM 64 QAM

		≤ 3.5



		CP-OFDM 256 QAM

		≤ 6.5



		NOTE 1:	Applicable for UE operating in TDD mode with PI/2 PBSK modulation and 40% or less slots in radio frame are used for UL transmission for bands n40, n77, n78 and n79.

NOTE 2:	Applicable for UE operating in FDD mode, or in TDD mode in bands other than n40, n77, n78 and n79 and if more than 40% of slots in radio frame are used for UL transmission for bands n40, n77, n78 and n79. 









[bookmark: _Toc526340268]6.2.4	Configured transmitted power

The UE is allowed to set its configured maximum output power PCMAX,f,c for carrier f of serving cell c in each slot. The configured maximum output power PCMAX,f,c is set within the following bounds:

PCMAX_L,f,c ≤  PCMAX,f,c  ≤  PCMAX_H,f,c with

	PCMAX_L,f,c = MIN {PEMAX,c– ∆TC,c,  (PPowerClass – ΔPPowerClass) – MAX(MPRc + A-MPRc+ ΔTIB,c + ∆TC,c + ∆TRxSRS, P-MPRc) }

PCMAX_H,f,c = MIN {PEMAX,c,  PPowerClass – ΔPPowerClass }

where

PEMAX,c is the value given by IE P-Max for serving cell c, defined in TS 38.331[7];

PPowerClass is the maximum UE power specified in Table 6.2.1-1 without taking into account the tolerance specified in the Table 6.2.1-1; 

PEMAX,c is increased by +3 dB for a power class 3 capable UE operating in TDD bands n40, n77, n78, and n79 with PI/2 BPSK modulation and 40% or less slots in radio frame are used for UL transmission when PEMAX,c ≥ 20 dBm.

ΔPPowerClass = -3 dB for a power class 3 capable UE operating in TDD bands n40, n77, n78, and n79 with PI/2 BPSK modulation and 40% or less slots in radio frame are used for UL transmission.

[bookmark: _Toc526340347]6.4.2.4.1	Requirements for pi/2 BPSK modulation

These requirements apply if the IE [P-Boost-BPSK] is set to 1 for power class 3 capable UE operating in TDD bands n40, n77, n78 and n79 with pi/2 BPSK modulation and 40% or less slots in radio frame are used for UL transmission. Otherwise the requirements for EVM equalizer spectrum flatness defined in clause 6.4.2.4 apply.

The EVM equalizer coefficients across the allocated uplink block shall be modified to fit inside the mask specified in Table 6.4.2.4.1-1 for normal conditions, prior to the calculation of EVM.

Table 6.4.2.4.1-1: Mask for EVM equalizer coefficients for pi/2 BPSK, normal conditions

		Frequency range

		Parameter 

		Maximum ripple [dB]



		F_meas – F_center ≤ X MHz or F_center – F_meas ≤ X MHz 

(Range 1)

		X1

		6 (p-p)



		F_meas – F_center > X MHz or F_center – F_meas > X MHz 

(Range 2)

		X2

		14 (p-p)



		NOTE 1:	F_meas refers to the sub-carrier frequency for which the equalizer coefficient is evaluated

NOTE 2:	F_center refers to the center frequency of an allocated block of PRBs

NOTE 3:	X, in MHz, is equal to 25% of the bandwidth of the PRB allocation

NOTE 4:	See Figure 6.4.2.4-1 for description of X1, X2







[image: ]

Figure 6.4.2.4.1-1: The limits for EVM equalizer spectral flatness with the maximum allowed variation. F_center denotes the center frequency of the allocated block of PRBs. F_alloc denotes the bandwidth of the PRB allocation.
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[bookmark: _Toc526340810]6.2.2.3	UE maximum output power reduction for power class 3

For power class 3 the MPR is defined in Table 6.2.2.3-1.

Table 6.2.2.3-1 MPR for power class 3

		

		

		Channel Bandwidth / MPR



		

		

		50 / 100 / 200 MHz

		400 MHz



		DFT-s-OFDM

		Pi/2 BPSK

		0.5

		2.0



		

		QPSK

		1.5

		3.0



		

		16QAM

		3

		4.5



		

		64QAM

		5

		6.5



		CP-OFDM

		QPSK

		3.5

		5.0



		

		16QAM

		5

		6.5



		

		64QAM

		7.5

		9.0







The waveform defined by BW = 100MHz, SCS=60KHz, DFT-S-OFDM QPSK, 128RB0 is the reference waveform with 0 dB MPR and is used for the power class definition.

UE requirements for the waveform defined by BW = 100MHz, SCS=60KHz, DFT-S-OFDM pi/2 BPSK, 128RB0 is 0 dB MPR.



[bookmark: _Toc526340878]6.4.2.5	EVM spectral flatness for pi/2 BPSK modulation with spectrum shaping

These requirements are defined for pi/2 BPSK modulation. The EVM equalizer coefficients across the allocated uplink block shall be modified to fit inside the mask specified in Table 6.4.2.5-1 for normal conditions, prior to the calculation of EVM. The limiting mask shall be placed to minimize the change in equalizer coefficients in a sum of squares sense.

Table 6.4.2.5-1: Mask for EVM equalizer coefficients for pi/2 BPSK with spectrum shaping, normal conditions

		Frequency range

		Parameter 

		Maximum ripple (dB)



		F_meas – F_center ≤ X MHz or F_center – F_meas ≤ X MHz

(Range 1)

		X1

		6 (p-p)



		F_meas – F_center > X MHz or F_center – F_meas < X MHz

(Range 2)

		X2

		14 (p-p)



		NOTE 1:	F_meas refers to the sub-carrier frequency for which the equalizer coefficient is evaluated

NOTE 2:	F_center refers to the center frequency of an allocated block of PRBs

NOTE 3:	X, in MHz, is equal to 25% of the bandwidth of the PRB allocation

NOTE 4:	See Figure 6.4.2.5-1 for description of X1, X2 and X3







[image: ]

Figure 6.4.2.5-1: The limits for EVM equalizer spectral flatness with the maximum allowed variation. F_center denotes the center frequency of the allocated block of PRBs. F_alloc denotes the bandwidth of the PRB allocation.
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