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1	Background
The period from October 2009 (the 6th meeting of Working Party 5D) to June 2010 (the 8th meeting of Working Party 5D) has been designated for evaluation of the IMT-Advanced candidate technology submissions by Independent Evaluation Groups.
The Russian Evaluation Group is a registered Independent Evaluation Group. At the 8th meeting of Working Party 5D, a final evaluation report on IMT-Advanced candidate technology submissions in Documents IMT-ADV/4 and IMT-ADV/8 was submitted by Russian Evaluation Group (Doc. 5D/743). Working Party 5D has reviewed the evaluation report, and will consider it further in the IMT-Advanced development process.
2	Evaluation summary
2.1	Use of information in Report ITU-R M.2135-1
Working Party 5D has defined evaluation guidelines for IMT-Advanced candidate technology evaluation in the Report ITU-R M.2135. The latest version of this document is Report ITU-R M.2135-1.
Independent Evaluation Groups are requested to indicate in their inputs to Working Party 5D that they applied Report ITU-R M.2135-1 in their evaluation.


Does Independent Evaluation Group confirm use of Report ITU-R M.2135-1 in their work?
 Yes	 No
2.2	Provision of compliance templates
2.2.1	Candidate technology submission in document IMT-ADV/4
Provision of compliance template for services (Section 4.2.4.1 of Report ITU-R M.2133)
 Yes	 No
Provision of compliance template for spectrum (Section 4.2.4.2 of Report ITU-R M.2133)
 Yes	 No
Provision of compliance template for technical performance (Section 4.2.4.3 of Report ITU-R M.2133)
 Yes	 No
2.2.2	Candidate technology submission in document IMT-ADV/8 FDD RIT
Provision of compliance template for services (Section 4.2.4.1 of Report ITU-R M.2133)
 Yes	 No
Provision of compliance template for spectrum (Section 4.2.4.2 of Report ITU-R M.2133)
 Yes	 No
Provision of compliance template for technical performance (Section 4.2.4.3 of Report ITU-R M.2133)
 Yes	 No
2.2.3	Candidate technology submission in document IMT-ADV/8 TDD RIT
Provision of compliance template for services (Section 4.2.4.1 of Report ITU-R M.2133)
 Yes	 No
Provision of compliance template for spectrum (Section 4.2.4.2 of Report ITU-R M.2133)
 Yes	 No
Provision of compliance template for technical performance (Section 4.2.4.3 of Report ITU-R M.2133)
 Yes	 No
2.3	Summary of conclusions of the Evaluation Report
2.3.1	Candidate technology submission in document IMT-ADV/4
Does the Evaluation Report indicate that the candidate technology meets minimum service and spectrum requirements?
Service requirements:	 Yes	 No
Comments: The REG agrees with the compliance template for services provided by the proponent in self-evaluation and believes it accurately describes the available services provided by the candidate technology.
Spectrum requirements:	 Yes	 No
Comments: The REG agrees that the spectrum compliance template provided by the proponent in self-evaluation adequately describe the spectrum used by the candidate technology.
Which test environments have been considered in the Evaluation Report? What is the outcome of the evaluation?

	Test environment
	Does the Evaluation Report indicate that the minimum technical performance requirements are met in the test environment?

	 Indoor
	 Yes	 No	 Partial evaluation

	 Microcellular
	 Yes	 No	 Partial evaluation

	 Base coverage urban
	 Yes	 No	 Partial evaluation

	 High speed
	 Yes	 No	 Partial evaluation



2.3.2	Candidate technology submission in document IMT-ADV/8 FDD RIT
Does the Evaluation Report indicate that the candidate technology meets minimum service and spectrum requirements?
Service requirements:	 Yes	 No
Comments: The REG agrees with the compliance template for services provided by the proponent in self-evaluation and believes it accurately describes the available services provided by the FDD RIT of the candidate technology.
Spectrum requirements:	 Yes	 No
Comments: The REG agrees that the spectrum compliance template provided by the proponent in self-evaluation adequately describe the spectrum used by the FDD RIT of the candidate technology.
Which test environments have been considered in the Evaluation Report? What is outcome of the evaluation?

	Test environment
	Does the Evaluation Report indicate that the minimum technical performance requirements are met in the test environment?

	 Indoor
	 Yes	 No	 Partial evaluation

	 Microcellular
	 Yes	 No	 Partial evaluation

	 Base coverage urban
	 Yes	 No	 Partial evaluation

	 High speed
	 Yes	 No	 Partial evaluation





2.3.3	Candidate technology submission in document IMT-ADV/8 TDD RIT
Does the Evaluation Report indicate that the candidate technology meets minimum service and spectrum requirements?
Service requirements:	 Yes	 No
Comments: The REG agrees with the compliance template for services provided by the proponent in self-evaluation and believes it accurately describes the available services provided by the TDD RIT of the candidate technology.
Spectrum requirements:	 Yes	 No
Comments: The REG agrees that the spectrum compliance template provided by the proponent in self-evaluation adequately describe the spectrum used by the TDD RIT of the candidate technology.
Which test environments have been considered in the Evaluation Report? What is outcome of the evaluation?

	Test environment
	Does the Evaluation Report indicate that the minimum technical performance requirements are met in the test environment?

	 Indoor
	 Yes	 No	 Partial evaluation

	 Microcellular
	 Yes	 No	 Partial evaluation

	 Base coverage urban
	 Yes	 No	 Partial evaluation

	 High speed
	 Yes	 No	 Partial evaluation



2.4 Additional evaluation methodologies and assumptions
2.4.1	Candidate technology submission in document IMT-ADV/4
Have any additional evaluation methodologies or assumptions that had not been included in the Report ITU-R M.2135-1 been used in evaluation?
 Yes	 No
Comments: The Open Area Rural Model with fixed terminals as proposed by TCOE India was evaluated. Based on this initial evaluation, it is concluded that the IMT-Advanced candidate technology submission in Document IMT-ADV/4 will be able to provide broadband connectivity by means of a single base station over a large rural area of 20 Km radius or more, using fixed terminals with rooftop antennas.


2.4.2	Candidate technology submission in Document IMT-ADV/8
Have any additional evaluation methodologies or assumptions that had not been included in the Report ITU-R M.2135-1 been used in evaluation?
 Yes	 No
Comments: The Open Area Rural Model with fixed terminals as proposed by TCOE India was evaluated. Based on this initial evaluation, it is concluded that the IMT-Advanced candidate technology submission in Document IMT-ADV/8 (both FDD and TDD RITs) will be able to provide broadband connectivity by means of a single base station over a large rural area of 20 km radius or more, using fixed terminals with rooftop antennas.
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Abbreviations

A-MAP

Advanced-MAP


A-A-MAP

Assignment Advanced MAP

BS

Base Station


DL

Downlink


CDF

Cumulative Distribution Function


CQI

Channel Quality Indicator


CRU

Contiguous Resource Unit


CSI

Channel State Information


FDD

Frequency Division Duplex


FEC

Forward Error Correction


FFT

Fast Fourier Transform


HARQ

Hybrid ARQ


HF-A-MAP
HARQ Feedback A-MAP

IFFT

Inverse Fast Fourier Transform


InH

Indoor Hotspot scenario


IoT

Interference over Thermal


LRU

Logical Resource Unit

MAC

Medium Access Control Layer


MCS

Modulation and Coding Scheme


MIMO

Multiple Input Multiple Output


MMIB

Mean Mutual Information per Bit


MMSE

Minimum Mean Squared Error


MU-MIMO
Multi User MIMO


OFDMA

Orthogonal Frequency Division Multiple Access


MCS

Modulation and Coding Scheme


MS

Mobile Station


NUS-A-MAP
Non-User-Specific A-MAP

PHY

Physical Layer


PMI

Precoding Matrix Index


QAM

Quadrature Amplitude Modulation


QoS

Quality of Service


QPSK

Quadrature Phase Shift Keying


RIT

Radio Interface Technology


RMa

Rural Macro scenario


RX

Receiver


SFH

Superframe Header


SINR

Signal to Interference and Noise Ratio


SU-MIMO

Single User MIMO


TDD

Time Division Duplex


TTI

Transmission Time Interval

TX

Transmitter


UL

Uplink


UMa

Urban Macro-cell scenario


UMi

Urban Micro-cell scenario

UT

User Terminal


VoIP

Voice over IP


Introduction


The Russian Evaluation Group (REG) was established in September 2009 in response to the ITU circular letter calling for independent evaluation groups for IMT-Advanced candidate technology evaluation. The REG was formed by the University of Nizhny Novgorod that has invited several companies to participate in the REG activities. Currently the REG is represented by the University of Nizhny Novgorod, broadband cellular operator Yota, research and development organization Sitronics Labs, and the Russian branch of Intel Corporation (Intel-Russia).


The REG has performed evaluation of both candidate radio interface technologies (RIT) submitted to the ITU: IEEE 802.16m (IEEE RIT based on ADV/4) and 3GPP Release 10 and beyond (3GPP RIT based on ADV/8). The REG used all approaches for candidate RITs evaluation envisaged by the IMT-Advanced process: evaluation by inspection, analytical evaluation, and simulations. To perform simulations, the REG has followed the IMT-Advanced evaluation guidelines including the channel models, deployment scenarios, and other simulation assumptions.


In the intermediate report [1] submitted to the ITU-R WP5D February 2010 meeting the REG presented calibration data and preliminary evaluation results for the IEEE technology. The results were obtained from system level simulations performed by the REG. Calibration with the results from other independent evaluation groups [2] and technology proponents was completed to ensure reliable results and was also presented in the REG intermediate report. PCT results for the downlink cell spectral efficiency and cell-edge user spectral efficiency in all four IMT-Advanced scenarios (indoor, microcellular, base coverage urban, and high speed) were provided. All these results were obtained under the assumptions of ideal channel and interference covariance matrix knowledge. It was shown that under these assumptions the IEEE technology meets the IMT-Advanced requirements for all considered scenarios.


This final report provides the results of evaluation carried out by the REG for both candidate RITs – the IEEE RIT and 3GPP RIT. The REG has performed complete analytical evaluation and inspection of both candidate RITs. The REG has also conducted system level simulations for both the downlink and uplink of the two candidate RITs. Performance metrics such as cell spectral efficiency, cell-edge user spectral efficiency were evaluated for both RITs. The system level simulation results for the VoIP capacity were measured for the IEEE RIT only. All simulation results were obtained under practical assumptions and take into account various impairments such as channel estimation errors and non-ideal interference knowledge.

Overview of the Document


This final report provides results of the IEEE and 3GPP RITs evaluation that were used for the completion of the IMT-Advanced templates specified in Report ITU-R M.2133 ‎[2]. All presented results in the compliance templates were generated in accordance with the ITU-R guidelines specified in Report ITU-R M.2135 ‎[3] and IMT-ADV/3 ‎[5] and compared with the ITU-R requirements (Report ITU-R M.2134 ‎[4]).


The document is organized in the following sections. Section 1 describes the characteristics of the IEEE and 3GPP RITs that were analyzed by means of the inspection method. Section 2 provides details of the analytical evaluation for peak spectral efficiency, user and control plane latencies and handover interruption times. Section 3 gives an overview of the system level simulation assumptions and RIT configurations that were used during the system level evaluation of the IMT-Advanced candidate RITs. The final system level simulation results are reported in Section 4. The IMT-Advanced performance compliance templates are presented in Section 5. The final report summary is given in Section 6. Detailed evaluation assumptions and simulation parameters are contained in Annex A. Description of the overhead calculation procedures is provided in Annexes B and C. Annex D provides the downlink system level simulation results generated for the optional Open Area Rural Model.


Section 1  - Inspection of IMT-Advanced RITs


Section 1 presents evaluation of the IMT-Advanced candidate RITs that was done by means of inspection of the IEEE and 3GPP technical specifications. The analyzed evaluation metrics include bandwidth, deployment in IMT bands, channel bandwidth scalability, and support of wide range of services. The following subsections provide more details of the inspection analysis for both 3GPP and IEEE RITs for each of the evaluated metric.


Bandwidth


In accordance with the ITU-R M.2134 report ‎[4] the RIT shall support a scalable bandwidth up to and including 40 MHz. The REG reviewed the IEEE and 3GPP specifications and confirms that both technologies define scalable bandwidths. For instance the IEEE RIT operates with 5, 7, 8.75, 10 and 20 MHz channel bandwidths. The bandwidth values supported by the 3GPP RIT are equal to 1.4, 3, 5, 10, 15 and 20 MHz. In addition to those nominal bandwidth values both technologies support multi-carrier operation with aggregate bandwidth of up to 100 MHz.

 
Deployment in the IMT Bands


One of the ITU requirements for IMT-Advanced RIT is the possibility for system deployment in at least one of the IMT bands. The following frequency bands have been identified for IMT by WARC-92, WRC-2000 and WRC-07 ‎[2]:


1. 450-470 MHz;

2. 698-960 MHz;


3. 1710-2025 MHz;

4. 2110-2200 MHz;

5. 2300-2400 MHz;

6. 2500-2690 MHz;

7. 3400-3600 MHz.


Table 1 and Table 2 provide the operating frequency bands used by the IEEE and 3GPP RITs respectively.

Table 1. IEEE RIT frequency bands


		Band Class

		UL MS Transmit  Frequency (MHz)

		DL MS Receive  Frequency (MHz)

		Duplex Mode



		1

		2300-2400

		2300-2400

		TDD



		2

		2305-2320, 2345-2360

		2305-2320, 2345-2360

		TDD



		

		2345-2360

		2305-2320

		FDD



		3

		2496-2690

		2496-2690

		TDD



		

		2496-2572

		2614-2690

		FDD



		4

		3300-3400

		3300-3400

		TDD



		5L

		3400-3600

		3400-3600

		TDD



		

		3400-3500

		3500-3600

		FDD



		5H

		3600-3800

		3600-3800

		TDD



		6

		1710-1770

		2110-2170

		FDD



		

		1920-1980

		2110-2170

		FDD



		

		1710-1755

		2110-2155

		FDD



		

		1710-1785

		1805-1880

		FDD



		

		1850-1910

		1930-1990

		FDD



		

		1710-1785, 1920-1980

		1805-1880, 2110-2170

		FDD



		

		1850-1910, 1710-1770

		1930-1990, 2110-2170

		FDD



		7

		698-862

		698-862

		TDD



		

		776-787

		746-757

		FDD



		

		788-793, 793-798

		758-763, 763-768

		FDD



		

		788-798

		758-768

		FDD



		

		698-862

		698-862

		TDD/FDD



		

		824-849

		869-894

		FDD



		

		880-915

		925-960

		FDD



		

		698-716, 776-793

		728-746, 746-763

		FDD



		8

		1785-1805, 1880-1920, 1910-193, 2010-2025, 1900-1920

		1785-1805, 1880-1920, 1910-193, 2010-2025, 1900-1920

		TDD



		9

		450-470

		450-470

		TDD



		

		450.0-457.5

		462.5-470.0

		FDD





Table 2. 3GPP RIT frequency bands


		E‑UTRA Operating Band

		Uplink (UL) operating band
BS receive
UE transmit ( MHz)

		Downlink (DL) operating band
BS transmit 
UE receive (MHz)

		Duplex Mode



		

		FUL_low   –  FUL_high

		FDL_low   –  FDL_high

		



		1

		1920 

		–

		1980 

		2110  

		–

		2170  

		FDD



		2

		1850 

		–

		1910  

		1930  

		–

		1990  

		FDD



		3

		1710 

		–

		1785

		1805  

		–

		1880  

		FDD



		4

		1710 

		–

		1755 

		2110  

		–

		2155  

		FDD



		5

		824 

		–

		849 

		869  

		–

		894 

		FDD



		61

		830  

		–

		840   

		875  

		–

		885  

		FDD



		7

		2500  

		–

		2570  

		2620  

		–

		2690  

		FDD



		8

		880  

		–

		915  

		925  

		–

		960  

		FDD



		9

		1749.9  

		–

		1784.9  

		1844.9  

		–

		1879.9  

		FDD



		10

		1710  

		–

		1770  

		2110  

		–

		2170  

		FDD



		11

		1427.9  

		–

		1452.9  

		1475.9  

		–

		1500.9  

		FDD



		12

		698  

		–

		716  

		728  

		–

		746  

		FDD



		13

		777  

		–

		787  

		746  

		–

		756  

		FDD



		14

		788  

		–

		798  

		758  

		–

		768  

		FDD



		15

		Reserved

		

		

		Reserved

		

		

		FDD



		16

		Reserved

		

		

		Reserved

		

		

		FDD



		17

		704  

		–

		716  

		734  

		–

		746  

		FDD



		18

		815  

		–

		830  

		860  

		–

		875  

		FDD



		19

		830  

		–

		845  

		875  

		–

		890  

		FDD



		20

		832

		–

		862

		791

		–

		821

		



		21

		1447.9

		–

		1462.9

		1495.9

		–

		1510.9

		FDD



		...

		

		

		

		

		

		

		



		33

		1900  

		–

		1920  

		1900  

		–

		1920  

		TDD



		34

		2010  

		–

		2025  

		2010  

		–

		2025  

		TDD



		35

		1850  

		–

		1910  

		1850  

		–

		1910  

		TDD



		36

		1930  

		–

		1990  

		1930  

		–

		1990  

		TDD



		37

		1910   

		–

		1930  

		1910   

		–

		1930  

		TDD



		38

		2570   

		–

		2620  

		2570   

		–

		2620  

		TDD



		39

		1880   

		–

		1920  

		1880   

		–

		1920  

		TDD



		40

		2300   

		–

		2400  

		2300   

		–

		2400  

		TDD



		Note 1: Band 6 is not applicable.





Based on the spectrum review the REG confirms that both technologies can be deployed in IMT bands identified in ITU-R radio regulations.


Channel Bandwidth Scalability


The IEEE RIT uses a scalable OFDMA multiple access transmission scheme in the DL and UL. The OFDMA transmission can be adapted to different bandwidths (5 to 20 MHz) using different FFT/IFFT sizes to keep the same subcarrier spacing.

The 3GPP RIT uses a scalable OFDMA multiple access transmission scheme in the DL and scalable SC-FDMA in the UL. Both DL and UL can be adapted to different bandwidths (1.4 MHz to 20 MHz) using different FFT/IFFT sizes, resulting in equal subcarrier spacing.


The REG acknowledges that both RITs satisfy the IMT-Advanced requirement to support at least three scalable bandwidth values.

 
Support for Wide Range of Services


Both proposed RITs support a number of different QoS classes. The rich set of QoS classes enables a wide range of services and applications. The services provided by both technologies include but not limited to: Multicast and broadcast services, location-based services, real-time applications, conversational, interactive and streaming services. The REG acknowledges that both IMT-Advanced candidate radio-interface technologies support a wide range of services.


Section 2   - Analytical Evaluation of IMT-Advanced RITs


 
Peak spectral efficiency


As it is stated in ‎[4] the peak spectral efficiency is the highest theoretical data rate (normalized by bandwidth) of a single mobile station assuming error-free conditions when all available radio resources for the corresponding link are utilized (i.e., excluding radio resources that are used for physical layer synchronization, reference signals or pilots, guard bands, and guard times).


The REG analyzed the peak spectral efficiency value of the IEEE RIT and provided results in the intermediate report (see ‎[1]). The summary of those calculations is shown in Table 3.

Table 3. IEEE RIT peak spectral efficiency


		

		TDD mode

		FDD mode



		Peak DL Throughput, Mbit/s

		161.28

		347.44



		Peak UL Throughput, Mbit/s

		92.16

		188.01



		DL Peak spectral efficiency, bit/s/Hz

		16.13

		17.37



		UL Peak spectral efficiency, bit/s/Hz

		9.21

		9.4





The peak spectral efficiency analytical evaluation of the 3GPP RIT is provided in this final report. The details of the peak spectral efficiency calculation are given in Table 4.


Table 4. 3GPP RIT peak spectral efficiency evaluation


		Configuration and assumptions

		TDD

		FDD



		Bandwidth - BW, [MHz]

		20

		2x20



		Number of DL and UL resource blocks NRB

		100



		CP type

		Normal



		Number of symbol per subframe, NS

		NS = 14



		Number of resource elements per resource block in one symbol, NRBS,RE

		NRBS,RE = 12



		Number of resource elements per one symbol, NS,RE

		NS,RE = NRBS,RE·NRB = 1200



		Total number of resource elements per subframe, NSF,RE

		NSF,RE = NS·NS,RE = 16800



		DL L1/L2 overhead NDL,OS / NDLO,RE, [symbols per DL subframe/resource elements]

		NDL,OS = 1 / NDLO,RE = 800

(Note: the cell specific reference signals are excluded)



		Number of antenna ports used for DL cell specific reference signals, NAP

		4



		DL cell-specific reference signals, NDLCS,RE [number of resource elements per subframe],

		NDLCS,RE = 2400



		DL UE-specific reference signals [number of resource elements per subframe]

		NDLUE,RE = 0 



		UL UE-specific reference signals (Demodulation reference signals)


[number of resource elements per subframe]

		NULDR,RE = 2400



		DL PBCH [number of resource elements per frame], NPBCH,RE

		NPBCH,RE  = 240



		DL Synchronization signals, [number resource elements per frame], NSS,RE

		NSS,RE  = 288



		DL Transmission Mode - Spatial multiplexing, NL [number of layers]

		NL = 4



		UL Transmission Mode - Spatial multiplexing, NL [number of layers]

		NL = 2



		TDD UL/DL configuration 1 (4DL:2SP:4UL)

		Number of DL subframes – NDL,SF = 4


Number of UL subframes – NUL,SF = 4


Number of special subframes NSP,SF = 2

		Number of DL subframes – NDL,SF = 10

Number of UL subframes – NUL,SF = 10



		TDD special subframe configuration 4 (12 DL, 1 GP, 1 UL)

		Number of DL symbols 
NSPSF, DLS = 12


Guard period - 1 symbol 
N SPSF,GPS = 1

Number of UL symbols 
N SPSF,ULS = 1
(sounding reference signals)

		NA



		UL PUCCH [number of resource elements per subframe], NPUCCH,RE

		NPUCCH,RE = 2·NS·NRBS,RE

NPUCCH,RE =2·12·14 = 336



		Total number of DL data resource elements per DL subframe NDLSF,DRE

		NDLSF,DRE = NSF, RE-NDLUE,RE -NDLCS,RE-NDLO,RE

NDLSF,DRE = 13600



		Total number of DL data resource elements per special subframe NSPSF,DRE

		NSPSF,DRE = NSPSF, DLS NS,RE -  NDLUE,RE-NDLCS,RE-NDLO,RE

 NDLSF,DRE = 11200

		NA



		Total number of DL data resource elements per frame NDL,DRE

		NDL,DRE = NDL,SF NDLSF,DRE + NSP,SF NSPSF,DRE- NPBCH,RE – NSS,RE

NDL,DRE = 76272

		NDL,DRE = NDL,SF NDLSF,DRE - NPBCH,RE – NSS,RE

NDL,DRE = 135472



		Total number of UL data resource elements per frame NUL,DRE

		NUL,DRE = NUL,SF· (NULSF,DRE - NULDR,RE - NPUCCH,RE)



		

		NUL,DRE = 56256

		NUL,DRE = 140640



		Code Rate, FECRATE 

		FECRATE = 1 (uncoded transmission)



		Modulation - 64 QAM, M

		M = 6



		Frame duration TFRAME, s 

		0.01



		DL Peak Throughput, Mb/s

		NL·M·FECRATE·NDL,DRE·/·TFRAME



		

		183.05 (uncoded)

		325.13 (uncoded)



		UL Peak Throughput, Mb/s

		NL·M·FECRATE·NUL,DRE·/·TFRAME



		

		67.51 (uncoded) 

		168.77 (uncoded) 



		DL Peak Spectral Efficiency, b/s/Hz

		16.02 (uncoded)

		16.26 (uncoded)



		UL Peak Spectral Efficiency, b/s/Hz

		8.15 (uncoded)

		8.44 (uncoded)





Based on the presented analytical results, the REG confirms that both RITs meet the IMT-Advanced requirement for peak spectral efficiency.

 
User Plane Latency


In accordance with the IMT-Advanced requirement ‎[4] the RIT shall be able to achieve a user plane latency of less than 10 ms in unloaded conditions for both downlink and uplink. This subsection provides analytical evaluation of user plane latency for the IEEE and 3GPP RITs.


2.1.1  
Evaluation of the User Plane Latency for the IEEE RIT


In order to calculate the minimum user plane latency of the IEEE RIT, the 5 ms frame (TFRAME = 5 ms) composed from eight subframes is assumed. In the IEEE RIT the minimum transmission time interval (TTI) is one subframe that has duration approximately equal to 0.617 ms (TTTI = 0.617). When data packets are transmitted the receiver side shall decode them and generate HARQ feedback. This processing time TPROC shall be taken into account when the user plane latency is calculated. In accordance with the IEEE 802.16m specification ‎[6] the processing time (at BS and MS sides) can be taken equal to the duration of 3 subframes (i.e. TPROC = 1.851 ms). Additionally the calculation of the user plane latency depends on frame duplexing mode FDD or TDD and signal propagation delay. These types of delay can be treated as frame alignment time (TFRAME_ALIGNMENT). For example in the TDD mode the DL HARQ feedback can not be transmitted immediately after the receiver processing time if the UL part of the frame is not started yet. The frame alignment time may be taken equal to the half frame duration (TFRAME_ALIGNMENT = 2.5 ms) for TDD mode and half subframe duration (TFRAME_ALIGNMENT = 0.31 ms) for FDD mode. Therefore, the user plane latency can be calculated by following formulas:


TU-LATENCY = TTTI + TPROC_TX + TPROC_RX + TFRAME_ALIGNMENT + p·THARQ

where, TPROC_TX – processing time at the transmitter side, TPROC_RX – processing time at the receiver side, THARQ - HARQ retransmission time (it is equal to frame duration 5ms), and p – is the probability of HARQ retransmission. Assuming that TPROC_TX and TPROC_RX are equal to TPROC and taking into account the typical value of HARQ retransmission probability 0.1 the following estimates of the IEEE 802.16m average user plane latency can be easy calculated for TDD and FDD mode:


TU-LATENCY_TDD = 0.617 + 1.851 +1.851 + 2.5 + 0.1·5 = 7.319 ms


TU-LATENCY_FDD = 0.617 + 1.851 +1.851 + 0.31 + 0.1·5 = 5.129 ms


As it can be seen the evaluated user plane latency of the IEEE RIT is less than 10 ms which fulfills the IMT-Advanced requirement for both TDD and FDD duplexing modes.


2.1.2  
Evaluation of the User Plane Latency for the 3GPP RIT 


The user plane latency of the 3GPP RIT can be estimated using the same formula that was used for the IEEE RIT w by also ith taking into account the specific frame parameters of the 3GPP technology:


· The minimum transmission time interval (TTI) of the 3GPP RIT is equal to 1 ms;


· The TX and RX processing time can be taken equal to the duration of two subframes, i.e. TPROC = 2 ms;


· The frame alignment time depends on the particular frame configuration. For TDD, the average (over frame configurations) value of the frame alignment time is equal to 2.73 ms in uplink and 1.06 ms in downlink. For simplicity the maximum of the average values can be used for both DL and UL transmission, i.e., TFRAME_ALIGNMENT = 2.73 ms. For FDD, the average frame alignment time is equal to half subframe duration (i.e. TFRAME_ALIGNMENT = 0.5 ms).

· The HARQ retransmission time THARQ may be selected equal to 8 subframe duration 8ms, and the typical value of the 1st HARQ retransmission probability is equal to p = 0.1.


Using the timing parameters listed above the user plane latency of the 3GPP RIT is equal to 8.53 ms for TDD and 6.3 ms for FDD:

TU-LATENCY_TDD = 1.0 + 2.0 +2.0 + 2.73 + 0.1·8 = 8.53 ms


TU-LATENCY_FDD = 1.0 + 2.0 +2.0 + 0.5 + 0.1·8 = 6.3 ms


2.1.3  
Summary of Analytical Evaluation of the User Plane Latency


Based on the analytical evaluation of the user plane latency, the REG verifies that both candidate RITs meet the IMT-Advanced requirement for user plane latency. The user plane latency for both technologies is less than 10 ms for downlink and uplink.


 
Control Plane Latency


The control plane latency is defined as the transition time from different connection modes, e.g., from idle to active state ‎[4]. A transition time of less than 100 ms shall be achievable when the MS changes its state from idle to active. The following subsections of this section provide the analytical evaluation of the control plane latency for the IEEE and 3GPP RITs.


2.1.4  
Evaluation of the Control Plane Latency for the IEEE RIT


Table 5 contains assumptions and analytical results of the control-plane latency analysis for the IEEE RIT. The control-plane latency is estimated taking into account the HARQ retransmission probability. It is assumed that BS and MS exchange MAC messages and the probability of successful reception from the initial transmission is equal to 0.9. It is also assumed that all packets are successfully decoded from the first HARQ retransmission. In addition in order to get the upper limit of the control plane latency the evaluation is carried out for the TDD frame configuration, assuming that one MAC message exchange transaction is completed only on frame boundary. The control plane latency of FDD duplexing mode may be slightly less since there is no strict limitation of having one transaction per frame.

Table 5. Control plane latency evaluation for the IEEE RIT


		Step

		Description

		Control-Plane Latency for TDD (upper limit)

(10% HARQ Retransmission Probability)



		0

		MS wakeup time

		Implementation dependent



		1

		DL scanning and synchronization 

		10 ms

There are two types of preamble signals: Primary and Secondary. The primary preamble is transmitted every 20 ms, and the period of secondary is 5ms. MS can recognize the frame where SFH is transmitted only when Primary preamble is detected. Therefore in average the DL scanning and synchronization time is equal to 10 ms.



		2

		Acquisition of the broadcast channels:


S-SFH SP1 - network re-entry

S-SFH SP2 - initial system entry

		40 ms


S-SFH SP1 is transmitted every 40ms and the period of S-SFH SP2 is is equal to 80ms. Assuming that MS receives both subpackets the average time of acquiring S-SFH SP2 is equal to 40 ms.



		3

		Random access procedure (UL CDMA Code + BS Processing + DL CDMA_ALLOC_IE)

		5 ms



		4

		Initial ranging (RNG-REQ + BS processing + RNG-RSP)


+ HARQ retransmission

		HARQ case:

· Both MAC messages are decoded successfully 
5ms(1 frame) * 0.9*0.9

· One of the MAC messages fails to be received from the initial transmission and was received only after the first HARQ retransmission
+10ms(2 frames) * 2*0.1*0.9

· Both MAC messages were received from the first HARQ retransmission
+15ms (3 frames) * 0.1*0.1

· In total: 1.2 frame = 6 ms

Taking into account the HARQ retransmission probability the average transaction time is equal to 6 ms



		5

		Capability negotiation (SBC-REQ + BS processing + SBC-RSP) + HARQ retransmission

		6 ms (see step 4 for more details)



		6

		Authorization and authentication/key exchange (PKM-REQ + BS processing + PKM-RSP) +HARQ retransmission

		6 ms (see step 4 for more details)



		7

		Registration (REG-REQ + BS/ASN-GW  processing + REG-RSP) + HARQ retransmission

		6 ms (see step 4 for more details)



		8

		RRC connection establishment (DSA-REQ + BS processing + DSA-RSP + DSA-ACK) + HARQ retransmission

		6 ms (see step 4 for more details)



		9

		Total C-plane connection establishment delay

		< 35 ms



		10

		Total IDLE_STATE –> ACTIVE_ACTIVE delay

		< 85 ms





As it can be seen from the analysis presented in Table 5 the IEEE RIT meets the 100ms IMT-Advanced requirement on control plane latency.


2.1.5  
Evaluation of the Control Plane Latency for the 3GPP RIT


The analytical evaluation of the control plane latency for the 3GPP RIT is shown in 


Table 6
. The TDD frame structure with UL/DL frame configuration #1 was used for the analysis. This frame configuration has 5 ms switching point periodicity and is composed from the following sequence of subframe types: D-S-U-U-D-D-S-U-U-D, where D – designates DL subframe, S – special subframe and U – uplink subframe. The average transition time required to switch from the idle state to connected state is analyzed. Note that the control plane latency evaluation is based on the 3GPP self-evaluation analysis ‎[9] ‎[10]. The REG has introduced slight modification by introducing the delay required for DL synchronization and the additional HARQ retransmission delays assuming that the HARQ retransmission probability is equal to 0.1. The HARQ retransmission time is assumed to be equal to 4 ms.


Table 6. Control plane latency evaluation for the 3GPP RIT


		Step

		Description

		Average delay, ms



		0

		Synchronization


Primary and secondary synchronization signals have to be detected. Those signals are transmitted two times per 10 ms. The UE can detect IDcell only when both signals are processed

		~7.5 ms



		1

		Average delay due to RACH scheduling period

Assuming the PRACH configuration Index = 12. => 4 PRACH per 10 ms 

		2.5 ms



		2

		RACH Preamble (one subframe)

		1 ms



		3-4

		Preamble detection and transmission of RA response (Time between the end RACH transmission and UE’s reception of scheduling grant and timing adjustment) + delay for nearest DL subframe + HARQ retransmission

		5 ms + 0.4 ms = 5.4 ms



		5

		UE Processing Delay (decoding of scheduling grant, timing alignment and C-RNTI assignment + L1 encoding of RRC Connection Request) + delay for nearest UL subframe 

		5 ms 



		6

		Transmission of RRC Connection Request (one subframe) + HARQ retransmission

		1 ms + 0.4 ms = 1.4 ms



		7

		Processing delay in eNB (L2 and RRC) + delay for nearest DL subframe

		6 ms



		8

		Transmission of RRC Connection Set-up (and UL grant) + HARQ retransmission

		1 ms + 0.4 ms = 1.4 ms



		9

		Processing delay in the UE (L2 and RRC) + delay for nearest UL subframe 

		17 ms



		10

		Transmission of RRC Connection Set-up complete (including NAS Service Request) + HARQ retransmission

		1 ms + 0.4 ms = 1.4 ms



		11

		Processing delay in eNB (Uu –> S1-C)

		4 ms



		12

		S1-C Transfer delay

		(out of latency calculation scope) ‎[10]



		13

		MME Processing Delay (including UE context retrieval of 10ms)

		15 ms



		14

		S1-C Transfer delay

		(out of latency calculation scope) ‎[10]



		15

		Processing delay in eNB (S1-C –> Uu)

		4 ms



		16

		Transmission of RRC Security Mode Command and Connection Reconfiguration (+TTI alignment)

		2.1 ms +0.4 ms = 2.5 ms 



		17

		Processing delay in UE (L2 and RRC)

		20 ms



		

		Total delay [ms]

		94.1 ms





As it can be seen from the control plane latency delay analysis the 3GPP RIT satisfies the IMT-Advanced requirement on control plane latency. It should be mentioned that the 3GPP proponents have proposed further enhancements on control plane latency that may result in further reduction of the total delay presented in Table 6 ‎[10].


2.1.6  
Summary of the User Plane Latency Analytical Evaluation


Based on the analytical evaluation of the control plane latency, the REG has checked that the both candidate RITs meet the IMT-Advanced requirement for control plane latency. The control plane latency for both technologies is less than 100 ms.



Intra- and Inter-Frequency Handover Interruption Time


The REG has reviewed the analytical evaluation of the intra- and inter-frequency handover interruption time that was done by the proponents of the candidate RITs (ADV/4 for the IEEE RIT and ADV/8 for the 3GPP RIT). The REG acknowledges that both proponents have satisfactory described the handover performance characteristics and that both RITs satisfy the IMT-Advanced handover interruption time requirements.

Section 3   - Overview of System Level Simulations


To perform the system level analysis the REG has developed a system level simulation platform that is compliant with the ITU-R IMT-Advanced evaluation guidelines. The designed platform was calibrated with the simulation data from different independent evaluation sources ‎[11]

 REF _Ref262719978 \n \h 
‎[12]. The technical details of the system level platform calibration were given in the REG intermediate report ‎[1]. In this section, a brief overview of the system level simulations is presented.

 
Overview of Downlink System Level Evaluation


This section presents an overview of the downlink system level evaluation of the IEEE and 3GPP RITs in different IMT-Advanced test environments. The system level simulations were performed strictly following ITU IMT-Advanced evaluation guidelines defined in ‎[3] and taking into account the corrections reported in ‎[5].

3.1.1 
Downlink Performance in Different Test Environments


The ITU-R M.2134 report ‎[4] defines different target performance requirements for a set of mandatory test environments. The proposed test environments have different signal propagation properties that were extracted from a representative set of network layouts and user types (ranging from low to high mobility users, experiencing LOS or NLOS propagation conditions and located indoors or outdoors). Realistic modeling in all test environments is achieved by using multi-link geometry-based stochastic channel models with different small-scale and large-scale channel parameters, channel variations in time, etc.


The IEEE 802.16m ‎[6] and 3GPP E-UTRA ‎[13]

 REF _Ref262720216 \n \h 
‎[17] physical layer specifications provide a rich set of different transmission modes. The particular system configuration can be adjusted for each deployment scenario to ensure the maximum performance. The following subsections present a brief overview of simulation assumptions and system configurations that were used by the REG for the downlink system level evaluation of the IEEE and 3GPP RITs.


3.1.2  
Downlink Configuration of the IEEE RIT in Different Test Environments


The REG downlink system level simulations are based on the DL configurations presented in the IEEE self-evaluation report ‎[7]. Proponents of the IEEE technology used different system configurations for the evaluation of particular test environments. The main system configurations parameters that were used by the REG are summarized below:

· Subchannelization for data allocations: In the case of the Indoor and the Microcellular test environments, the subband-based CRU subchannelization with 12 data bursts was simulated. In the case of the Base coverage urban and the High speed test environments, the miniband-based CRU subchannelization with 6 data bursts was used.


· Multiple antenna transmission format: In the case of the Indoor and the Microcellular test environments, the MU-MIMO scheme with 6-bit transformed codebook was simulated for 4 x 2 antenna configuration with adaptive switching among rank-1 and rank-2 transmissions. In the case of the Base coverage urban and the High speed test environments, the MU-MIMO with long term beamforming was simulated for 4 x 2 antenna configuration with adaptive switching among rank-1 and rank-2 transmission. The BS applies the ZF precoding of the precoding vectors to mitigate the MU-MIMO inter-stream interference.

· Link adaptation: In the case of the Indoor and the Microcellular test environments, the MS reports to the BS frequency-selective subband CQI information with 5 ms period and the 6-bit transformed codebook MIMO feedback mode information (i.e. wideband transmit covariance matrix with 20 ms period and per-subband PMI with 5 ms period). In the case of the Base coverage urban and the High speed test environments, the MS reports to the BS wideband CQI information with 5 ms period and long-term MIMO beamforming information (i.e. wideband transmit covariance matrix) with 20 ms period. 


· Receiver Structure: The MMSE receiver on the MS was simulated for both channel estimation and data decoding. 

· Channel estimation: The effects of non-ideal MIMO channel and interference covariance matrix estimation is taken into account for data decoding and estimation of CQI and MIMO precoding information.

· HARQ: Chase combining HARQ with maximum retransmission delay of four frames was used for the simulations.


· Control signaling: The control channel signaling errors were not considered, since the control channels are very robust and the rare errors on those channels do not have significant impact on the overall system-level performance.

· Control Channel Overhead: Dynamic overhead modeling for A-A-MAP and HF-A-MAP and fixed overhead modeling for non-user specific A-MAP (NUS-A-MAP), A-PREAMBLE, A-MIDAMBLE, and SFH were for calculation of the final downlink cell spectral efficiency metrics.


· Frame parameters. The main IEEE RIT OFDMA and frame parameters used in the current evaluation are summarized in the corresponding tables of Annex A.

3.1.3  
Downlink Configuration of 3GPP RIT in Different Test Environments


For downlink system level evaluation of the 3GPP RIT the following system configuration parameters were used:


· Subchannelization for data allocations: The localized resource allocation mode with 10 data bursts was simulated (Resource allocation type - 2).

· Multiple antenna transmission format: In all test environments the 4-bit codebook based MU-MIMO scheme with wideband PMI precoding feedback was simulated for 4 x 2 antenna configuration with adaptive switching among rank-1 and rank-2 transmissions. The BS applies ZF precoding of the precoding vectors to mitigate the MU-MIMO inter-stream interference.


· Link adaptation: The MS reports to the BS frequency-selective subband CQI information with 5 ms period and wideband MIMO beamforming information (i.e. wideband PMI) with 20 ms period.


· Receiver Structure: The MMSE receiver on the MS was simulated for both channel estimation and data decoding. 

· Channel estimation: The effects of non-ideal MIMO channel and interference covariance matrix estimation is taken into account for data decoding and estimation of CQI and MIMO precoding information.

· HARQ: Chase combining HARQ with maximum retransmission delay of four frames was used for the simulations.


· Control signaling: The control channel signaling errors were not considered, since the control channels are very robust and the rare errors on those channels do not have significant impact on the overall system-level performance.

· Control Channel Overhead: Fixed overhead modeling for downlink control channels (PDCCH, PHICH, PCFICH, PBCH) and reference signals (primary and secondary synchronization signals and cell specific reference signals) were taken into account for the calculation of the final downlink cell spectral efficiency metrics.

· Frame parameters. The main 3GPP RIT frame parameters used in the current evaluation are summarized in the corresponding tables of Annex A.


3.1.4  
Downlink Evaluation Description


The main system level metric that was analyzed by the REG is the spectral efficiency. The cell spectral efficiency is one of the most important metrics for the design of any communication technology. The accurate estimation of this metric requires complex system level analysis and depends on many technical aspects. The most important of them are: scheduling and resource allocation algorithms, number of users served in MU-MIMO mode, link adaptation, signal propagation environments, MIMO transmission modes, etc. A fair comparison of cell spectral efficiency values requires development of a common methodology for its measurement.


In broadband wireless communication systems the fairness vs. throughput tradeoff is the key factor that affects the cell spectral efficiency characteristics. It is well known that the optimal strategy for maximizing the cell spectral efficiency is to transmit data to the users having maximum capacity in the allocated resources. A major disadvantage of such a scheduler is its unfairness with respect to users experiencing poor channel conditions. On the other hand, a perfectly fair scheduler that allocates resources to each user in a cyclic manner such as a Round Robin scheduler may lead to significant loss of the cell spectral efficiency. To preserve the allocation fairness and simultaneously increase the cell spectral efficiency, the proportional fair scheduler algorithm ‎[20] was applied for the evaluation of the IEEE and 3GPP RITs. A brief overview of the scheduling algorithm is provided in the following subsections.


3.1.5  
Scheduler for Downlink Cell Spectral Efficiency Evaluation


In accordance with the IMT-Advanced evaluation guidelines, the packets shall be scheduled with an appropriate packet scheduler selected by the proponent or evaluation group. The full buffer traffic model with the best effort service is recommended for the evaluation of the cell spectral efficiency. Since the full buffer traffic model with the best effort service does not impose any strict QoS limitations such as the latency and minimum user throughput the proportional fair scheduling algorithm was used for system level evaluation of the cell spectral efficiency.


Proportional Fair Scheduling


The basic idea of proportional fair scheduling is to allocate to each user the resources proportionally to its link quality and inverse-proportionally to its average past throughput calculated over some period of time. In the OFDMA based technologies this is achieved by selecting for each allocation quantum the user that experiences the best instantaneous throughput in this quantum divided by the average throughput over a period of time.


The proportional fair metric 

[image: image2.wmf])


(


t


M


PF


 is represented by the equation:


		

[image: image3.wmf]a


)


(


)


(


)


(


t


T


t


T


t


M


avr


inst


PF


=




		 (1)





In this equation the following notations are used:
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 is the data rate that can be supported at a scheduling resource at time instant 
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 is the fairness exponent factor. By default it is equal to 1. Note that if 
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 then only users with the maximum instantaneous throughput are scheduled at each scheduling resource. In this case the proportional fair scheduling converges to the maximum throughput scheduler. If 

[image: image10.wmf]¥


=


a


 then all users have equal proportional fair metric 

[image: image11.wmf]0


)


(


=


t


M


PF


 and therefore the scheduler transforms to the simple Round Robin scheduler.


The average throughput 
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The constant 

[image: image17.wmf]b


 characterizes the forgetting factor. Typical values of scheduling parameters used for the evaluation are 
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MU-MIMO Scheduling


The usage of MU-MIMO transmission modes is the key factor to increase the cell spectral efficiency of future communication systems. When MU-MIMO modes are enabled the value of cell spectral efficiency significantly depends on the number of users associated to the BS sector and on the number of available space-time-frequency resource blocks available for resource management. The resource management in MU-MIMO systems is a complex optimization problem. In addition to selection of modulation and code rate the MU-MIMO scheduling algorithms should also identify users having near orthogonal channel realizations in space to share the same time-frequency resource block by transmitting their signal on different spatial streams. Many aspects of MU-MIMO scheduling such as throughput-fairness tradeoff, adaptive MU-MIMO rank selection, and link adaptation algorithms are still an open area for research and development. This work made feasible the application of MU-MIMO modes in practical communication systems.


For the evaluation of the IEEE and 3GPP RITs a simple ad-hoc algorithm for MU-MIMO scheduling has been developed by the REG. The proposed MU-MIMO scheduling algorithm operates in two phases: the user grouping phase and the group assignment phase. In the user grouping phase, for each allocated time-frequency resource block the MU-MIMO groups are formed from spatially near-orthogonal users and then the modulation and coding scheme and spatial stream index are assigned to each user within the group. At the second stage, for each allocated scheduling resource block the MU-MIMO user group which has the maximum PF metric is selected. The PF metric for a MU-MIMO group is defined as the sum of instantaneous PF metrics of all users included in the group.


MU-MIMO: User Grouping Phase


In accordance with the closed-loop MU-MIMO operation defined in the physical layer specifications of the IMT-Advanced candidate RITs (refer to ‎[6] and ‎[13]-‎[17]), each user can feedback spatial channel information which may be used for transmit precoding of signals at the BS side. According to this information, the BS determines the preferable spatial precoding vectors for each user and each resource allocation. Then, the BS selects the users with near orthogonal precoding vectors and includes them into a MU-MIMO group. The user is added to the group if its spatial precoding vector is almost orthogonal to the spatial precoding vectors of each user already included in the group. An exhaustive search of user groups for different MU-MIMO ranks is applied, and the set of potential groups for transmission is formed for each allowed MU-MIMO rank. As a result, subsets of different MU-MIMO groups for allowed ranks are formed, with each subset being composed from 
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 designates the MU-MIMO rank or the number of users in one group. Within one MU-MIMO group the precoding vectors meet the following condition that is exploited to check the spatial orthogonality criterion of the precoding vectors reported by users:
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where, 
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 is the MU-MIMO pairing threshold. By default the 
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 is set equal to 0.1.

In the downlink system level evaluation of the cell spectral efficiency provided in this report the MU-MIMO rank is limited to rank-2. The technical reason for this choice is that this is the most practical assumption when the BS is equipped with 4 TX antennas and the MS has only 2 RX antennas. Since the MS is equipped with only 2 RX antennas it means that it can reliably receive one spatial stream and has one additional degree of freedom to cancel the strongest interfering signal that may appear either from the MU-MIMO inter-stream interference or from the interference signals of neighboring cell.

MU-MIMO: Group Assignment Phase


For each MU-MIMO group formed in the user grouping phase, the proportional fair metric is calculated as the sum of the individual proportional fair metrics of the users in the group. This metric is used for assignment of a MU-MIMO group to the particular scheduling resource block. The MU-MIMO group with the maximum proportional fair metric is allocated for data transmission. The assignment rule is represented by the following equation:
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where


· 
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 is the proportional fair metric of the 
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 represents the number of users that have sent the feedback for a given scheduling block. By default, all associated users send the feedback information for all scheduled blocks.


3.1.6  
Description of Link Adaptation in Downlink Transmission


The link adaptation is based on the generation of two types of feedback information: 1) CQI estimation and 2) feedback of spatial precoding information (precoding matrix index, transmit covariance matrix, etc). These types of feedback information can be derived from processing of different downlink signals.


In the IEEE RIT, the MIMO-Midamble signal can be used to estimate the non-precoded MIMO channel and to perform the corresponding PMI selection for designated resource allocations. The MIMO-Midamble signal defined in the IEEE 802.16m specification is a wideband signal transmitted in frequency reuse 3 that allows accurate estimation of the MIMO channel from serving BS and the interference covariance matrix on orthogonal carrier sets. These estimates can be used to derive the TX covariance matrix of the useful signal and the channel quality indicator (CQI). In accordance with the IEEE 802.16m specification the spatial precoding information can be reported back in the form of quantized TX covariance matrix and/or in the form of PMI from the pre-defined codebooks. The BS may use this information to transform the vectors of the 6-bit closed-loop codebook to align them with the spatial directions reflected by the wideband spatial covariance matrix.

In the 3GPP RIT, the MIMO channel estimation, interference measurements, and CQI calculation can be done by processing reference signals (cell-specific, UE-specific, CSI). The MS reports the spatial precoding information using the preferred matrix index of the 4 bit pre-defined codebook.


For the evaluation of both technologies it was assumed that for link adaptation in the closed-loop MU-MIMO mode the BS indicates the maximum MU-MIMO transmission rank for the MS feedback. This information is used by the MS to derive its CQI for the particular scheduling resource, assuming that the DL transmitted power will be evenly distributed among the specified number of MU-MIMO spatial streams. Additional power normalization can be applied at the BS side based on the scheduling decision to keep the same total transmit signal power. During the CQI calculation a user assumes that the BS will assign a near orthogonal user to the same scheduling resource, and therefore does not take into account the possible MU-MIMO inter-stream interference. It was also assumed that the serving BS may adapt the MCS levels for MSs based on the CQI and precoding vectors reported by MSs.

 
Overview of Uplink System Level Evaluation


This section presents an overview of the uplink system level evaluation for the IEEE and the 3GPP RITs in the different IMT-Advanced test environments. System level simulations were performed following the ITU IMT-Advanced evaluation guidelines defined in ‎[4] and using the corrections from ‎[5].


3.1.7 
Uplink Configuration of IEEE RIT in Different Test Environments


The REG has performed system level simulations of the IEEE RIT using the following UL configurations. Those configurations are similar to the configurations presented in the IEEE self-evaluation report (see tables in Part 4 and Annex 3 of ‎[7]). 


· Subchannelization for data allocations: In the case of the InH and UMi, Scheme-1 (subband-based CRU subchannelization) was selected in the simulations. In the case of UMa and RMa, Scheme-2 (miniband-based CRU subchannelization) was simulated.


· Multiple-antenna Transmission Format: In the case of the InH and UMi, the 3-bit codebook-based MU-MIMO scheme was selected with adaptive switching between a single user rank 1 transmission and collaborative spatial multiplexing. In the case of UMa and RMa, the MU-MIMO scheme with long-term beamforming and adaptive switching between a single user and collaborative spatial multiplexing was used in the simulations.

· Receiver Structure: The MMSE receiver on the BS was simulated for both channel estimation and data decoding. 


· HARQ: Chase combining HARQ with maximum retransmission delay of four frames was used for the simulations.


· Control signaling: Signaling errors for PFBCH, SFBCH, H-FBCH, and sounding estimation errors were not taken into account since the impact on the overall system-level performance is insignificant. 

· Control Channel Overhead: Dynamic overhead for PFBCH, SFBCH and H-FBCH and fixed overhead modeling for long-term covariance matrix (LT-CM), Initial Ranging (IR), and Bandwidth Request (BW-REQ) were modeled based on the IEEE self-evaluation overhead data.


· The main IEEE RIT OFDMA and frame parameters used in the current evaluation are summarized in the corresponding tables of Annex A.


3.1.8 
Uplink Configuration of the 3GPP RIT in Different Test Environments


System level simulations for the uplink of the 3GPP RIT technology were performed using the main following assumptions about the system configuration:

· Subchannelization for data allocations: Bursts used for data allocation to individual users included 5 consecutive physical resource blocks (PRBs) for 10 MHz channel bandwidths and 10 consecutive PRBs for 20 MHz channel bandwidths. 

· Multiple-antenna Transmission The REG considered single-user multiple-input-multiple-output (SU-MIMO) scheme with 2 TX antennas at the MS and 4 RX antennas at the base station and adaptive selection of the transmission rank (1 or 2 transport blocks per MIMO transmission). The REG recognizes that considering multi-user MIMO (MU-MIMO) techniques supported by the 3GPP RIT and evaluated by the REG for the IEEE technology would result in higher values for the cell spectral efficiency. However, the evaluation of the candidate RITs by the REG was not focused on fair comparison of the technologies but on evaluation of their compliance to the ITU-R requirements. It was found that considered multiple antenna configurations were sufficient for the 3GPP RIT to meet all the ITU-R requirements for uplink transmission and other multiple antenna transmission formats were not evaluated.

· Receiver Structure: The MMSE receiver was employed at the base station.

· HARQ: Chase combining HARQ with the delay of four frames between retransmissions and maximum four retransmission attempts was used for the simulations.


· Control signaling: Control signaling performance was assumed to be ideal and no impact of the erroneous control signaling performance was evaluated.

· Control Channel Overhead: The evaluation took into account control signaling overhead associated with transmission of the demodulation and sounding reference signals, L1/L2 control signaling on the PUCCH and PUSCH channels and also transmission of the random access PRACH channel. Details on the overhead calculation may be found in Annex C.

· The main 3GPP RIT frame parameters used in the current evaluation are summarized in the corresponding tables of Annex A.


3.1.9 
Scheduler for Uplink Cell Spectral Efficiency Evaluation


In accordance with the evaluation guidelines, the packets shall be scheduled with an appropriate packet scheduler selected by the proponent or evaluation group. For the UL evaluation the REG has used the proportional fair scheduling.


3.1.10 
UL Collaborative Spatial Multiplexing (MU-MIMO) Scheduling


UL Collaborative Spatial Multiplexing, like MU-MIMO in the DL, is the key factor to increase the spectral efficiency of a wireless communication system. 


For evaluation of the IEEE RIT a simple ad-hoc algorithm for UL MU-MIMO scheduling has been developed by the REG. It is assumed that the BS is able to measure internal interference (the interference from the outer cells) and the channel transfer function and received power for each MS in the serving sector. Thus, the BS is able to calculate the efficiency of every combination of the collaborating MSs. For each group (combination) the proportional fair metric is calculated as the sum of the individual proportional fair metrics of the users in the group. This metric is used for assigning a MU-MIMO group to a particular scheduling resource block. The MU-MIMO group with the maximum proportional fair metric is allocated for data transmission.

As stated in Section ‎3.2.2 above, the 3GPP uplink evaluation has not included consideration of MU-MIMO techniques since all the ITU-R requirements were satisfied with the SU-MIMO multiple antennas transmission formats.

3.1.11 
UL Power Control 


The power control algorithm is an essential part of the UL transmission that serves the purposes of cell interference control and MS power consumption economy. The interference environment in the UL is characterized by the Interference over Thermal noise (IoT) parameter, defined as the ratio of the interference plus noise level to the thermal noise level. The IMT-Advanced guideline [4] requires that the average IoT value should be less then 10 dB. 

In the presented simulation results, REG used the specified by the IEEE 802.16m standard [6] power control algorithm to keep the IoT around the required value. The following power control parameters are used in the simulations for all scenarios: (IoT=0.7, SINRmin = 1 dB, SINRmax= 22 dB.

For the 3GPP uplink evaluation, the fractional path loss compensation was used with the ( parameter equal to 0.8 and P0 fitted to each specific environment (the parameters ( and P0 are described in 3GPP specifications).

Section 4   - Evaluation of IMT-Advanced RITs by Simulation


The system level evaluation has been made for all mandatory deployment scenarios defined in ‎[3], i.e., Indoor hotspot (InH), Urban micro-cell (UMi), Urban macro-cell (UMa), and Rural macro-cell (RMa). The downlink cell and cell edge spectral efficiencies were evaluated for both IEEE and 3GPP RITs. The uplink cell and cell edge spectral efficiency was evaluated only for the IEEE RIT.

 
Spectral Efficiency Simulation Results


In accordance with the report ITU-R M.2134 ‎[4], the cell spectral efficiency (() is defined as the aggregate throughput (the number of correctly received bits) of all users in the simulated area divided by the effective channel bandwidth and further divided by the number of cells. The following formula is defined for the cell spectral efficiency evaluation ‎[4]:
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where

· (i denotes the number of correctly received bits by user i (downlink) or from user i (uplink) in a system comprising N users and M cells.

· ( denotes the channel bandwidth, and


· T is the time over which the data bits are received.

In addition to the cell spectral efficiency, the report ITU-R M.2134 also defines minimum values of the cell-edge user spectral efficiency that have to be satisfied. The cell-edge user spectral efficiency is defined as the throughput value at the 5% point of the cumulative distribution function (CDF) of the normalized user throughput.

In the remaining part of this section the measured system level simulation results of the cell and cell-edge user spectral efficiency are summarized for each deployment scenario. The tables below provide simulation results for 0.5 and 4 wavelengths BS antenna spacing. The provided values of spectral efficiency take into account the estimated overhead values (see Annex B and Annex C). The calculated overhead values are provided for each RIT. Note that for the 3GPP technology the DL spectral efficiency was calculated assuming that two symbols within each DL subframe are used for transmission of the PDCCH, PHICH and PCFICH control channels. The amount of overhead for one and three DL control symbols was also estimated and presented in Annex C.

Indoor Test Environment (InH Scenario)

Table 7. Downlink spectral efficiency evaluation for InH deployment scenario

		System Configuration

		IMT Advanced Requirements

		IEEE

		3GPP



		

		DL cell SE (bit/sec/Hz)

		DL cell-edge SE (bit/sec/Hz)

		DL cell SE (bit/sec/Hz)

		DL cell-edge SE (bit/sec/Hz)

		DL Overhead


%

		DL cell SE (bit/sec/Hz)

		DL cell-edge SE (bit/sec/Hz)

		DL Overhead


%



		TDD (40 MHz)
Antenna spacing 0.5λ

		3.0

		0.1

		5.95

		0.220

		18.9%

		5.18

		0.223

		24.9%



		FDD (20 MHz)
Antenna spacing 0.5λ

		

		

		6.06

		0.224

		18.9%

		5.28

		0.228

		23.4%



		TDD (40 MHz)
Antenna spacing 4λ

		

		

		5.78

		0.203

		18.9%

		5.08

		0.213

		24.9%



		FDD (20 MHz)
Antenna spacing 4λ

		

		

		5.89

		0.207

		18.9%

		5.17

		0.218

		23.4%





Table 8. Uplink spectral efficiency evaluation for InH deployment scenario

		System Configuration

		IMT Advanced Requirements

		IEEE

		3GPP



		

		UL cell SE (bit/sec/Hz)

		UL cell-edge SE (bit/sec/Hz)

		UL cell SE (bit/sec/Hz)

		UL cell-edge SE (bit/sec/Hz)

		UL Overhead


%

		UL cell SE (bit/sec/Hz)

		UL cell-edge SE (bit/sec/Hz)

		UL Overhead


%



		TDD (40 MHz)
Antenna spacing 4λ

		2.25

		0.07

		5.33

		0.210 

		18.96%

		3.34

		0.281

		24.5%



		FDD (20 MHz)
Antenna spacing 4λ

		

		

		5.50

		0.215

		17.13%

		3.42

		0.288

		22.7%





Microcellular Test Environment (UMi Scenario)

Table 9. Downlink spectral efficiency evaluation for UMi deployment scenario

		System Configuration

		IMT Advanced Requirements

		IEEE

		3GPP



		

		DL cell SE (bit/sec/Hz)

		DL cell-edge SE (bit/sec/Hz)

		DL cell SE (bit/sec/Hz)

		DL cell-edge SE (bit/sec/Hz)

		DL Overhead


%

		DL cell SE (bit/sec/Hz)

		DL cell-edge SE (bit/sec/Hz)

		DL Overhead


%



		TDD (20 MHz)
Antenna spacing 0.5λ

		2.6

		0.075

		3.34

		0.088

		21.8%

		2.98

		0.091

		25.2%



		FDD (10 MHz)
Antenna spacing 0.5λ

		

		

		3.26

		0.086

		25.4%

		3.02

		0.093

		24.0%



		TDD (20 MHz)
Antenna spacing 4λ

		

		

		2.83

		0.079

		21.8%

		2.33

		0.081

		25.2%



		FDD (10 MHz)
Antenna spacing 4λ

		

		

		2.76

		0.078

		25.3%

		2.37

		0.083

		24.0%





Table 10. Uplink spectral efficiency evaluation for UMi deployment scenario

		System Configuration

		IMT Advanced Requirements

		IEEE

		3GPP



		

		UL cell SE (bit/sec/Hz)

		UL cell-edge SE (bit/sec/Hz)

		UL cell SE (bit/sec/Hz)

		UL cell-edge SE (bit/sec/Hz)

		UL Overhead


%

		UL cell SE (bit/sec/Hz)

		UL cell-edge SE (bit/sec/Hz)

		UL Overhead


%



		TDD (20 MHz)
Antenna spacing 4λ

		1.8

		0.05

		2.60 

		0.125 

		23.71%

		1.94

		0.063

		24.5%



		FDD (10 MHz)
Antenna spacing 4λ

		

		

		2.64 

		0.126 

		21.69%

		1.99

		0.065

		22.7%





Base Coverage Urban Test Environment (UMa Scenario)


Table 11. Downlink spectral efficiency evaluation for UMa deployment scenario

		System Configuration

		IMT Advanced Requirements

		IEEE

		3GPP



		

		DL cell SE (bit/sec/Hz)

		DL cell-edge SE (bit/sec/Hz)

		DL cell SE (bit/sec/Hz)

		DL cell-edge SE (bit/sec/Hz)

		DL Overhead


%

		DL cell SE (bit/sec/Hz)

		DL cell-edge SE (bit/sec/Hz)

		DL Overhead


%



		TDD (20 MHz)
Antenna spacing 0.5λ

		2.2

		0.06

		2.60

		0.068

		21.8%

		2.55

		0.083

		25.2%



		FDD (10 MHz)
Antenna spacing 0.5λ

		

		

		2.58

		0.066

		25.4%

		2.59

		0.085

		24.0%



		TDD (20 MHz)
Antenna spacing 4λ

		

		

		2.22

		0.062

		21.8%

		2.04

		0.068

		25.2%



		FDD (10 MHz)
Antenna spacing 4λ

		

		

		2.20

		0.061

		25.3%

		2.08

		0.069

		24.0%





Table 12. Uplink spectral efficiency evaluation for UMa deployment scenario

		System Configuration

		IMT Advanced Requirements

		IEEE

		3GPP



		

		UL cell SE (bit/sec/Hz)

		UL cell-edge SE (bit/sec/Hz)

		UL cell SE (bit/sec/Hz)

		UL cell-edge SE (bit/sec/Hz)

		UL Overhead


%

		UL cell SE (bit/sec/Hz)

		UL cell-edge SE (bit/sec/Hz)

		UL Overhead


%



		TDD (20 MHz)
Antenna spacing 4λ

		1.4

		0.03

		2.36 

		0.117 

		20.34%

		1.51

		0.066

		24.5%



		FDD (10 MHz)
Antenna spacing 4λ

		

		

		2.44 

		0.121 

		19.12%

		1.55

		0.068

		22.7%





High-Speed Test Environment (RMa Scenario)


Table 13. Downlink spectral efficiency evaluation for RMa deployment scenario

		System Configuration

		IMT Advanced Requirements

		IEEE

		3GPP



		

		DL cell SE (bit/sec/Hz)

		DL cell-edge SE (bit/sec/Hz)

		DL cell SE (bit/sec/Hz)

		DL cell-edge SE (bit/sec/Hz)

		DL Overhead


%

		DL cell SE (bit/sec/Hz)

		DL cell-edge SE (bit/sec/Hz)

		DL Overhead


%



		TDD (20 MHz)
Antenna spacing 0.5λ

		1.1

		0.04

		3.26

		0.097

		21.0%

		2.98

		0.109

		25.2%



		FDD (10 MHz)
Antenna spacing 0.5λ

		

		

		3.23

		0.096

		23.4%

		3.03

		0.111

		24.0%



		TDD (20 MHz)
Antenna spacing 4λ

		

		

		2.81

		0.078

		21.0%

		2.44

		0.086

		25.2%



		FDD (10 MHz)
Antenna spacing 4λ

		

		

		2.78

		0.077

		23.4%

		2.48

		0.088

		24.0%





Table 14. Uplink spectral efficiency evaluation for RMa deployment scenario

		System Configuration

		IMT Advanced Requirements

		IEEE

		3GPP



		

		UL cell SE (bit/sec/Hz)

		UL cell-edge SE (bit/sec/Hz)

		UL cell SE (bit/sec/Hz)

		UL cell-edge SE (bit/sec/Hz)

		UL Overhead


%

		UL cell SE (bit/sec/Hz)

		UL cell-edge SE (bit/sec/Hz)

		UL Overhead


%



		TDD (20 MHz)
Antenna spacing 4λ

		0.7

		0.015

		2.78 

		0.129 

		19.45%

		1.89

		0.093

		24.5%



		FDD (10 MHz)
Antenna spacing 4λ

		

		

		2.73 

		0.14 

		17.62%

		1.93

		0.096

		22.7%





 
Mobility


The partial evaluation of the IMT-Advanced RITs conducted by the REG does not include the system level and link level evaluation of the IMT-Advanced mobility requirement. The REG has reviewed the mobility analysis presented by technology proponents. The REG does not have any additional comments on this technical aspect and considers the assumptions and evaluation results presented by the technology proponents as valid and technically reasonable.


VoIP Capacity


The REG performed VoIP capacity evaluation of the IEEE RIT for the downlink and reviewed the VoIP capacity analysis presented by the technology proponent. It can be seen that the combination of miniband based subchannelizations and persistent scheduling may significantly improve the IEEE RIT VoIP capacity, but even simple allocations and algorithms, shown in the following sections, still satisfy the requirements.


Regarding the 3GPP RIT the REG does not have any additional comments on this technical aspect and considers the assumptions and values of the VoIP capacity analysis presented by the technology proponent as valid and technically reasonable.


4.1.1 
IEEE RIT Simulation Assumptions and Parameters for VoIP Traffic

The modeling assumptions and configurations used in the system level simulations for VoIP are as described in tables in Annex A. Additional details relevant to system level simulations of the RIT for VoIP are listed in this section. In relations to information in Annex A, the following items are specific to VoIP traffic:


DL Configuration

· Subchannelization for VoIP allocations: Only DL DRU subchannelization scheme is used in the simulations.


· Multi-antenna transmission format for VoIP:  4x2 SFBC with non-adaptive precoding is used. 


· Receiver structure: The MMSE receiver was simulated for the MS for both channel estimation and data detection. 

· HARQ: Chase combining HARQ with maximum retransmission delay of 4 frames was used.


· Control channel overhead: 

· A-MAP Region: A fixed overhead is assumed for NUS-A-AMAP and HF-A-MAP. The A-A-MAP control overhead is explicitly simulated based on the scheduler allocations in each simulated subframe on both DL and UL in each test environment.


· A-PREAMBLE: Fixed overhead of 1 OFDMA symbol per frame is assumed.


· SFH: 20 LRUs are reserved for the SFH in the first subframe of every superframe. 


· Control channel signalling errors: Neglected 

· Scheduler:  Modified Largest Weighted Delay First (MLWDF) scheduling approach was used for packet allocation. The maximization of the following metric is used for packet assignment in a given 
quantum (time-frequency partition):
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where 
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is the data rate, supported by i-th user. Persistent allocations and scheduling are not used in this evaluation.

4.1.2 
IEEE RIT VoIP Capacity Results




Table 15
 summarizes the VoIP capacity results for the IEEE RIT based on the assumptions of Section ‎4.3.1

Table 15. VoIP capacity results for the IEEE RIT


		Test environment

		DL TDD

		DL FDD

		ITU-R Requirement



		InH

		75

		73

		50



		UMi

		54

		53

		40



		UMa

		54

		52

		40



		RMa

		60

		61

		30






Summary of the System Level Simulation Analysis


The detailed system level analysis and simulation of the IEEE and 3GPP RITs performed by the REG shows that both technologies meet the requirements on the cell spectral efficiency and the cell-edge user spectral efficiency defined in ‎[4]. The performance characteristics measured by the REG exceed the minimum target values. The system level simulation results are also well correlated with the data published in the IEEE and 3GPP self evaluation reports, see ‎[7] and ‎[9], respectively.

Section 5  - IMT - Advanced Evaluation Templates



Description Templates


5.1.1 
Characteristics Template


Technology characteristic templates provided in the IEEE and 3GPP submission of a candidate IMT-Advanced RIT satisfactorily describe the technology characteristics. The REG agree with provided description and does not have additional comments on this.

5.1.2 
Link Budget Template


In this section, the link budget tables for all mandatory test environments (InH, UMi, UMa, RMa), links (downlink, uplink), and duplex modes (TDD, FDD) of IEEE 802.16m are presented from 


Table 16
 to Table 23. The NLoS channel models were considered for each test environment since those models constitute the limiting factor for coverage in the IMT-Advanced evaluation methodology, i.e., the coverage with the LoS channel models for each test environment is better than the one presented for the NLoS channel models in this section.

The REG notes that for calculation of the link budget and coverage performance for UL control channel the bandwidth was taken equal to that of the data channel. Since the bandwidth of the control channel in the UL is typically less than the data channel, due to unrealized UL subchannalization gain, the link budget for UL control channels in tables below appears underestimated. However, as it is seen form the results, the control channel performance is not the limiting factor for the system coverage. For this reason the REG did not pay specific attention for this question.

Table 16. Link budget template for InH, TDD

		Item

		Downlink

		Uplink



		System configuration



		Carrier frequency (GHz)

		3.4

		3.4



		BS antenna heights (m)

		6

		6



		UT antenna heights (m)

		1.5

		1.5



		Cell area reliability(1) (%) (Please specify how it is calculated.)

		95%

		95%



		Transmission bit rate for control channel (bit/s)

		89,600

		1,200



		Transmission bit rate for data channel (bit/s)

		20,230,593

		980,290



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

		10-2

		10-2



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

		10-1

		10-1



		Spectral efficiency(2) (bit/s/Hz) for data

		0.856

		0.830



		Pathloss model(3) (select from LoS or NLoS)

		NLoS

		NLoS



		Mobile speed (km/h)

		3

		3



		Feeder loss (dB)

		2

		2



		Transmitter



		(1) Number of transmit antennas. (The number shall be within the indicated range in Table 6 of Report ITU-R M.2135)

		4

		2



		(2) Maximal transmit power per antenna (dBm)

		18

		18



		(3) Total transmit power = function of (1) and (2) (dBm)


(The value shall not exceed the indicated value in Table 6 of Report 
ITU-R M.2135)

		24

		21



		(4) Transmitter antenna gain (dBi)

		0

		0



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

		0

		0



		(6) Control channel power boosting gain (dB)

		0

		0



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

		0.2734

		0



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

		3

		1



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

		21

		20



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

		20.73

		20



		Receiver



		(10) Number of receive antennas (The number shall be within the indicated range in Table 6 of Report ITU-R M.2135)

		2

		4



		(11) Receiver antenna gain (dBi)

		0

		0



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

		1

		3



		(13) Receiver noise figure (dB)

		7

		5



		(14) Thermal noise density (dBm/Hz)

		–174

		–174



		(15) Receiver interference density (dBm/Hz)

		–174

		–174



		(16) Total noise plus interference density


        = 10 log (10^(((13) + (14))/10) + 10^((15)/10))  dBm/Hz

		-166.21 

		-167.81 



		(17) Occupied channel bandwidth (for meeting the requirements of the traffic type) (Hz)

		37808640

		3150720



		(18) Effective noise power = (16) + 10 log((17)) dBm

		-90.43

		-102.83



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

		-1.55

		-3.02



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

		1.47

		0.05



		(20) Receiver implementation margin (dB)

		2

		2



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

		0

		0



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

		0.5

		0.5



		(22a) Receiver sensitivity for control channel


         = (18) + (19a) + (20) – (21a)  dBm

		-89.98

		-103.84



		(22b) Receiver sensitivity for data channel 


         = (18) + (19b) + (20) – (21b)  dBm

		-87.47

		-101.28



		(23a) Hardware link budget for control channel 


         = (9a) + (11) − (22a)   dB

		110.98

		123.84



		(23b) Hardware link budget for data channel 


          = (9b) + (11) − (22b)  dB

		108.20

		121.28



		Calculation of available pathloss



		(24) Lognormal shadow fading std deviation (dB)

		4

		4



		(25) Shadow fading margin (function of the cell area reliability and (24)) (dB) 

		2.8

		2.8



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

		0

		0



		(27) Penetration margin (dB)

		0

		0



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

		0

		0



		(29a) Available path loss for control channel 


         = (23a) – (25) + (26) – (27) + (28) – (12)   dB

		107.18

		118.04



		(29b) Available path loss for data channel 


          = (23b) – (25) + (26) – (27) + (28) – (12)   dB

		104.40

		115.48



		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)

		92.10

		164.08



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

		79.42

		143.15



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

		26,650.93

		84,573.95



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

		19,816.92

		64,376.76



		(1) 
Cell area reliability is defined as the percentage of the cell area over which coverage can be guaranteed. It is obtained from the cell edge reliability, shadow fading standard deviation and the path loss exponent. The latter two values are used to calculate a fade margin. Macro diversity gain may be considered explicitly and improve the system margin or implicitly by reducing the fade margin.


(2) 
The spectral efficiency of the chosen modulation scheme.


(3) 
The pathloss models are summarized in TABLE A1-2 of Report ITU-R M.2135.


(4)  
InH NLoS pathloss model is only defined for less than 150m. Even though the maximum range for uplink control channel exceeds 150m, same pathloss model is used.





Table 17. Link budget template for InH, FDD

		Item

		Downlink

		Uplink



		System configuration



		Carrier frequency (GHz)

		3.4

		3.4



		BS antenna heights (m)

		6

		6



		UT antenna heights (m)

		1.5

		1.5



		Cell area reliability(1) (%) (Please specify how it is calculated.)

		95%

		95%



		Transmission bit rate for control channel (bit/s)

		89,600

		1,200



		Transmission bit rate for data channel (bit/s)

		16,955,780 

		2,520,745



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

		10-2

		10-2



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

		10-1

		10-1



		Spectral efficiency(2) (bit/s/Hz) for data

		0.897

		0.800



		Pathloss model(3) (select from LoS or NLoS)

		NLoS

		NLoS



		Mobile speed (km/h)

		3

		3



		Feeder loss (dB)

		2

		2



		Transmitter



		(1) Number of transmit antennas. (The number shall be within the indicated range in Table 6 of Report ITU-R M.2135)

		4

		2



		(2) Maximal transmit power per antenna (dBm)

		15

		18



		(3) Total transmit power = function of (1) and (2) (dBm)


(The value shall not exceed the indicated value in Table 6 of Report 
ITU-R M.2135)

		21

		21



		(4) Transmitter antenna gain (dBi)

		0

		0



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

		0

		0



		(6) Control channel power boosting gain (dB)

		0

		0



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

		0.2734

		0



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

		3

		1



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

		18

		20



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

		17.73

		20



		Receiver



		(10) Number of receive antennas (The number shall be within the indicated range in Table 6 of Report ITU-R M.2135)

		2

		4



		(11) Receiver antenna gain (dBi)

		0

		0



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

		1

		3



		(13) Receiver noise figure (dB)

		7

		5



		(14) Thermal noise density (dBm/Hz)

		–174

		–174



		(15) Receiver interference density (dBm/Hz)

		–174

		-174



		(16) Total noise plus interference density


        = 10 log (10^(((13) + (14))/10) + 10^((15)/10))  dBm/Hz

		-166.21 

		-167.81 



		(17) Occupied channel bandwidth (for meeting the requirements of the traffic type) (Hz)

		18904320

		3150720



		(18) Effective noise power = (16) + 10 log((17)) dBm

		-93.44

		-102.83



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

		-1.55

		-3.02



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

		1.83

		0.29



		(20) Receiver implementation margin (dB)

		2

		2



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

		0

		0



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

		0.5

		0.5



		(22a) Receiver sensitivity for control channel


         = (18) + (19a) + (20) – (21a)  dBm

		-92.99

		-103.84



		(22b) Receiver sensitivity for data channel 


         = (18) + (19b) + (20) – (21b)  dBm

		-90.12

		-101.03



		(23a) Hardware link budget for control channel 


         = (9a) + (11) − (22a)   dB

		110.99

		123.84



		(23b) Hardware link budget for data channel 


          = (9b) + (11) − (22b)  dB

		107.85

		121.03



		Calculation of available pathloss



		(24) Lognormal shadow fading std deviation (dB)

		4

		4



		(25) Shadow fading margin (function of the cell area reliability and (24)) (dB) 

		2.8

		2.8



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

		0

		0



		(27) Penetration margin (dB)

		0

		0



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

		0

		0



		(29a) Available path loss for control channel 


         = (23a) – (25) + (26) – (27) + (28) – (12)   dB

		107.19

		118.04



		(29b) Available path loss for data channel 


          = (23b) – (25) + (26) – (27) + (28) – (12)   dB

		104.05

		115.23



		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)

		92.16

		164.08



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

		77.96

		141.30



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

		26,680.14

		84,573.95



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

		19,095.13

		62,725.30



		(1) 
Cell area reliability is defined as the percentage of the cell area over which coverage can be guaranteed. It is obtained from the cell edge reliability, shadow fading standard deviation and the path loss exponent. The latter two values are used to calculate a fade margin. Macro diversity gain may be considered explicitly and improve the system margin or implicitly by reducing the fade margin.


(2) 
The spectral efficiency of the chosen modulation scheme.


(3)  
The pathloss models are summarized in TABLE A1-2 of Report ITU-R M.2135.


(4)  
InH NLoS pathloss model is only defined for less than 150m. Even though the maximum range for uplink control channel exceeds 150m, same pathloss model is used.





Table 18. Link budget template for UMi, TDD

		Item

		Downlink

		Uplink



		System configuration



		Carrier frequency (GHz)

		2.5

		2.5



		BS antenna heights (m)

		10

		10



		UT antenna heights (m)

		1.5

		1.5



		Cell area reliability(1) (%) (Please specify how it is calculated.)

		95%

		95%



		Transmission bit rate for control channel (bit/s)

		89,600

		1,200



		Transmission bit rate for data channel (bit/s)

		7,529,917

		212,755



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

		10-2

		10-2



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

		10-1

		10-1



		Spectral efficiency(2) (bit/s/Hz) for data

		0.637

		0.720



		Pathloss model(3) (select from LoS or NLoS)

		NLoS

		NLoS



		Mobile speed (km/h)

		3

		3



		Feeder loss (dB)

		2

		2



		Transmitter



		(1) Number of transmit antennas. (The number shall be within the indicated range in Table 6 of Report ITU-R M.2135)

		4

		2



		(2) Maximal transmit power per antenna (dBm)

		38 

		21 



		(3) Total transmit power = function of (1) and (2) (dBm)


(The value shall not exceed the indicated value in Table 6 of Report 
ITU-R M.2135)

		44

		24



		(4) Transmitter antenna gain (dBi)

		17

		0



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

		0

		0



		(6) Control channel power boosting gain (dB)

		0

		0



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

		0.2734

		0



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

		3

		1



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

		58

		23



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

		57.73

		23



		Receiver



		(10) Number of receive antennas (The number shall be within the indicated range in Table 6 of Report ITU-R M.2135)

		2

		4



		(11) Receiver antenna gain (dBi)

		0

		17



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

		1

		3



		(13) Receiver noise figure (dB)

		7

		5



		(14) Thermal noise density (dBm/Hz)

		–174

		–174



		(15) Receiver interference density (dBm/Hz)

		-165

		-166



		(16) Total noise plus interference density


        = 10 log (10^(((13) + (14))/10) + 10^((15)/10))  dBm/Hz

		-162.88 

		-164.24 



		(17) Occupied channel bandwidth (for meeting the requirements of the traffic type) (Hz)

		18904320

		787680



		(18) Effective noise power = (16) + 10 log((17)) dBm

		-90.11

		-105.28



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

		-1.97

		-4.25



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

		-0.47

		-0.63



		(20) Receiver implementation margin (dB)

		2

		2



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

		0

		0



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

		0.5

		0.5



		(22a) Receiver sensitivity for control channel


         = (18) + (19a) + (20) – (21a)  dBm

		-90.09

		-107.52



		(22b) Receiver sensitivity for data channel 


         = (18) + (19b) + (20) – (21b)  dBm

		-89.08

		-104.40



		(23a) Hardware link budget for control channel 


         = (9a) + (11) − (22a)   dB

		148.09

		147.52



		(23b) Hardware link budget for data channel 


          = (9b) + (11) − (22b)  dB

		146.81

		144.40



		Calculation of available pathloss



		(24) Lognormal shadow fading std deviation (dB)

		4

		4



		(25) Shadow fading margin (function of the cell area reliability and (24)) (dB) 

		3.10 

		3.10 



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

		0

		0



		(27) Penetration margin (dB)

		0

		0



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

		0

		0



		(29a) Available path loss for control channel 


         = (23a) – (25) + (26) – (27) + (28) – (12)   dB

		143.99

		141.42



		(29b) Available path loss for data channel 


          = (23b) – (25) + (26) – (27) + (28) – (12)   dB

		142.71

		138.30



		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)

		1054.20

		897.62



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

		973.21

		737.95



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

		3,491,338.23

		2,531,262.61



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

		2,975,526.22

		1,710,807.14



		(1) 
Cell area reliability is defined as the percentage of the cell area over which coverage can be guaranteed. It is obtained from the cell edge reliability, shadow fading standard deviation and the path loss exponent. The latter two values are used to calculate a fade margin. Macro diversity gain may be considered explicitly and improve the system margin or implicitly by reducing the fade margin.


(2) 
The spectral efficiency of the chosen modulation scheme.


(3)  
The pathloss models are summarized in TABLE A1-2 of Report ITU-R M.2135.





Table 19. Link budget template for UMi, FDD

		Item

		Downlink

		Uplink



		System configuration



		Carrier frequency (GHz)

		2.5

		2.5



		BS antenna heights (m)

		10

		10



		UT antenna heights (m)

		1.5

		1.5



		Cell area reliability(1) (%) (Please specify how it is calculated.)

		95%

		95%



		Transmission bit rate for control channel (bit/s)

		89,600

		1,200



		Transmission bit rate for data channel (bit/s)

		5,849,421 

		611,334 



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

		10-2

		10-2



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

		10-1

		10-1



		Spectral efficiency(2) (bit/s/Hz) for data

		0.619 

		0.776 



		Pathloss model(3) (select from LoS or NLoS)

		NLoS

		NLoS



		Mobile speed (km/h)

		3

		3



		Feeder loss (dB)

		2

		2



		Transmitter



		(1) Number of transmit antennas. (The number shall be within the indicated range in Table 6 of Report ITU-R M.2135)

		4 

		2 



		(2) Maximal transmit power per antenna (dBm)

		35 

		21 



		(3) Total transmit power = function of (1) and (2) (dBm)


(The value shall not exceed the indicated value in Table 6 of Report 
ITU-R M.2135)

		41 

		24 



		(4) Transmitter antenna gain (dBi)

		17 

		0 



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

		0 

		0 



		(6) Control channel power boosting gain (dB)

		0 

		0 



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

		0.2734 

		0 



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

		3 

		1 



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

		55 

		23 



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

		54.73 

		23 



		Receiver



		(10) Number of receive antennas (The number shall be within the indicated range in Table 6 of Report ITU-R M.2135)

		2 

		4 



		(11) Receiver antenna gain (dBi)

		0 

		17 



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

		1 

		3 



		(13) Receiver noise figure (dB)

		7 

		5 



		(14) Thermal noise density (dBm/Hz)

		-174 

		-174 



		(15) Receiver interference density (dBm/Hz)

		-165.00 

		-166.00 



		(16) Total noise plus interference density


        = 10 log (10^(((13) + (14))/10) + 10^((15)/10))  dBm/Hz

		-162.88 

		-164.24 



		(17) Occupied channel bandwidth (for meeting the requirements of the traffic type) (Hz)

		9452160 

		787680 



		(18) Effective noise power = (16) + 10 log((17)) dBm

		-93.12

		-105.28



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

		-1.97

		-4.25



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

		-1.07

		-0.21



		(20) Receiver implementation margin (dB)

		2 

		2 



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

		0 

		0 



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

		0.5 

		0.5 



		(22a) Receiver sensitivity for control channel


         = (18) + (19a) + (20) – (21a)  dBm

		-93.10

		-107.52



		(22b) Receiver sensitivity for data channel 


         = (18) + (19b) + (20) – (21b)  dBm

		-92.69

		-103.99



		(23a) Hardware link budget for control channel 


         = (9a) + (11) − (22a)   dB

		148.10

		147.52



		(23b) Hardware link budget for data channel 


          = (9b) + (11) − (22b)  dB

		147.42

		143.99



		Calculation of available pathloss



		(24) Lognormal shadow fading std deviation (dB)

		4 

		4 



		(25) Shadow fading margin (function of the cell area reliability and (24)) (dB) 

		3.10 

		3.10 



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

		0 

		0 



		(27) Penetration margin (dB)

		0 

		0 



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

		0 

		0 



		(29a) Available path loss for control channel 


         = (23a) – (25) + (26) – (27) + (28) – (12)   dB

		144.00

		141.42



		(29b) Available path loss for data channel 


          = (23b) – (25) + (26) – (27) + (28) – (12)   dB

		143.32

		137.89



		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)

		1054.88

		897.62



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

		1011.13

		719.11



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

		3,495,853.54

		2,531,262.61



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

		3,211,923.66

		1,624,585.87





(1) 
Cell area reliability is defined as the percentage of the cell area over which coverage can be guaranteed. It is obtained from the cell edge reliability, shadow fading standard deviation and the path loss exponent. The latter two values are used to calculate a fade margin. Macro diversity gain may be considered explicitly and improve the system margin or implicitly by reducing the fade margin.


(2) 
The spectral efficiency of the chosen modulation scheme.


(3)  
The pathloss models are summarized in TABLE A1-2 of Report ITU-R M.2135.


Table 20. Link budget template for UMa, TDD

		Item

		Downlink

		Uplink



		System configuration



		Carrier frequency (GHz)

		2.0

		2.0



		BS antenna heights (m)

		25

		25



		UT antenna heights (m)

		1.5

		1.5



		Cell area reliability(1) (%) (Please specify how it is calculated.)

		95%

		95%



		Transmission bit rate for control channel (bit/s)

		89,600

		1,200



		Transmission bit rate for data channel (bit/s)

		7,529,917

		212,755



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

		10-2

		10-2



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

		10-1

		10-1



		Spectral efficiency(2) (bit/s/Hz) for data

		0.637

		0.720



		Pathloss model(3) (select from LoS or NLoS)

		NLoS

		NLoS



		Mobile speed (km/h)

		30

		30



		Feeder loss (dB)

		2

		2



		Transmitter



		(1) Number of transmit antennas. (The number shall be within the indicated range in Table 6 of Report ITU-R M.2135)

		4

		2



		(2) Maximal transmit power per antenna (dBm)

		43 

		21 



		(3) Total transmit power = function of (1) and (2) (dBm)


(The value shall not exceed the indicated value in Table 6 of Report 
ITU-R M.2135)

		49

		24



		(4) Transmitter antenna gain (dBi)

		17

		0



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

		0

		0



		(6) Control channel power boosting gain (dB)

		0

		0



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

		0.2734

		0



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

		3

		1



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

		63

		23



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

		62.73

		23



		Receiver



		(10) Number of receive antennas (The number shall be within the indicated range in Table 6 of Report ITU-R M.2135)

		2

		4



		(11) Receiver antenna gain (dBi)

		0

		17



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

		1

		3



		(13) Receiver noise figure (dB)

		7

		5



		(14) Thermal noise density (dBm/Hz)

		–174

		–174



		(15) Receiver interference density (dBm/Hz)

		-165

		-166



		(16) Total noise plus interference density


        = 10 log (10^(((13) + (14))/10) + 10^((15)/10))  dBm/Hz

		-162.88 

		-164.24 



		(17) Occupied channel bandwidth (for meeting the requirements of the traffic type) (Hz)

		18904320

		787680



		(18) Effective noise power = (16) + 10 log((17)) dBm

		-90.11

		-105.28



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

		-1.82

		-3.82



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

		0.07

		0.20



		(20) Receiver implementation margin (dB)

		2

		2



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

		0

		0



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

		0.5

		0.5



		(22a) Receiver sensitivity for control channel


         = (18) + (19a) + (20) – (21a)  dBm

		-89.93

		-107.10



		(22b) Receiver sensitivity for data channel 


         = (18) + (19b) + (20) – (21b)  dBm

		-88.55

		-103.58



		(23a) Hardware link budget for control channel 


         = (9a) + (11) − (22a)   dB

		152.93

		147.10



		(23b) Hardware link budget for data channel 


          = (9b) + (11) − (22b)  dB

		151.28

		143.58



		Calculation of available pathloss



		(24) Lognormal shadow fading std deviation (dB)

		7.8

		7.8



		(25) Shadow fading margin (function of the cell area reliability and (24)) (dB) 

		8.1

		8.1



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

		0

		0



		(27) Penetration margin (dB)

		9

		9



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

		0

		0



		(29a) Available path loss for control channel 


         = (23a) – (25) + (26) – (27) + (28) – (12)   dB

		134.83

		127.00



		(29b) Available path loss for data channel 


          = (23b) – (25) + (26) – (27) + (28) – (12)   dB

		133.18

		123.48



		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)

		889.15

		560.46



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

		806.58

		455.54



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

		2,483,712.09

		986,835.11



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

		2,043,836.98

		651,943.33





(1) 
Cell area reliability is defined as the percentage of the cell area over which coverage can be guaranteed. It is obtained from the cell edge reliability, shadow fading standard deviation and the path loss exponent. The latter two values are used to calculate a fade margin. Macro diversity gain may be considered explicitly and improve the system margin or implicitly by reducing the fade margin.


(2) 
The spectral efficiency of the chosen modulation scheme.


(3)  
The pathloss models are summarized in TABLE A1-2 of Report ITU-R M.2135.


Table 21. Link budget template for UMa, FDD

		Item

		Downlink

		Uplink



		System configuration



		Carrier frequency (GHz)

		2.0

		2.0



		BS antenna heights (m)

		25

		25



		UT antenna heights (m)

		1.5

		1.5



		Cell area reliability(1) (%) (Please specify how it is calculated.)

		95%

		95%



		Transmission bit rate for control channel (bit/s)

		89,600

		1,200



		Transmission bit rate for data channel (bit/s)

		5,849,421 

		611,334 



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

		10-2

		10-2



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

		10-1

		10-1



		Spectral efficiency(2) (bit/s/Hz) for data

		0.619

		0.776



		Pathloss model(3) (select from LoS or NLoS)

		NLoS

		NLoS



		Mobile speed (km/h)

		30

		30



		Feeder loss (dB)

		2

		2



		Transmitter



		(1) Number of transmit antennas. (The number shall be within the indicated range in Table 6 of Report ITU-R M.2135)

		4

		2



		(2) Maximal transmit power per antenna (dBm)

		40 

		21 



		(3) Total transmit power = function of (1) and (2) (dBm)


(The value shall not exceed the indicated value in Table 6 of Report 
ITU-R M.2135)

		46

		24



		(4) Transmitter antenna gain (dBi)

		17

		0



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

		0

		0



		(6) Control channel power boosting gain (dB)

		0

		0



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

		0.2734

		0



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

		3

		1



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

		60

		23



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

		59.73

		23



		Receiver



		(10) Number of receive antennas (The number shall be within the indicated range in Table 6 of Report ITU-R M.2135)

		2

		4



		(11) Receiver antenna gain (dBi)

		0

		17



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

		1

		3



		(13) Receiver noise figure (dB)

		7

		5



		(14) Thermal noise density (dBm/Hz)

		–174

		–174



		(15) Receiver interference density (dBm/Hz)

		-165

		-166



		(16) Total noise plus interference density


        = 10 log (10^(((13) + (14))/10) + 10^((15)/10))  dBm/Hz

		-162.88 

		-164.24 



		(17) Occupied channel bandwidth (for meeting the requirements of the traffic type) (Hz)

		9452160

		787680



		(18) Effective noise power = (16) + 10 log((17)) dBm

		-93.12

		-105.28



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

		-1.82

		-3.82



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

		0.01

		0.76



		(20) Receiver implementation margin (dB)

		2

		2



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

		0

		0



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

		0.5

		0.5



		(22a) Receiver sensitivity for control channel


         = (18) + (19a) + (20) – (21a)  dBm

		-92.94

		-107.10



		(22b) Receiver sensitivity for data channel 


         = (18) + (19b) + (20) – (21b)  dBm

		-91.61

		-103.02



		(23a) Hardware link budget for control channel 


         = (9a) + (11) − (22a)   dB

		152.94

		147.10



		(23b) Hardware link budget for data channel 


          = (9b) + (11) − (22b)  dB

		151.34

		143.02



		Calculation of available pathloss



		(24) Lognormal shadow fading std deviation (dB)

		7.8

		7.8



		(25) Shadow fading margin (function of the cell area reliability and (24)) (dB) 

		8.1

		8.1



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

		0

		0



		(27) Penetration margin (dB)

		9

		9



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

		0

		0



		(29a) Available path loss for control channel 


         = (23a) – (25) + (26) – (27) + (28) – (12)   dB

		134.84

		127.00



		(29b) Available path loss for data channel 


          = (23b) – (25) + (26) – (27) + (28) – (12)   dB

		133.24

		122.92



		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)

		889.69

		560.46



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

		809.87

		440.76



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

		2,486,728.01

		986,835.11



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

		2,060,560.03

		610,303.79





(1) 
Cell area reliability is defined as the percentage of the cell area over which coverage can be guaranteed. It is obtained from the cell edge reliability, shadow fading standard deviation and the path loss exponent. The latter two values are used to calculate a fade margin. Macro diversity gain may be considered explicitly and improve the system margin or implicitly by reducing the fade margin.


(2) 
The spectral efficiency of the chosen modulation scheme.


(3)  
The pathloss models are summarized in TABLE A1-2 of Report ITU-R M.2135.


Table 22. Link budget template for RMa, TDD

		Item

		Downlink

		Uplink



		System configuration



		Carrier frequency (GHz)

		0.8

		0.8



		BS antenna heights (m)

		35

		35



		UT antenna heights (m)

		1.5

		1.5



		Cell area reliability(1) (%) (Please specify how it is calculated.)

		95%

		95%



		Transmission bit rate for control channel (bit/s)

		89,600

		1,200



		Transmission bit rate for data channel (bit/s)

		7,529,917

		212,755



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

		10-2

		10-2



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

		10-1

		10-1



		Spectral efficiency(2) (bit/s/Hz) for data

		0.637

		0.720



		Pathloss model(3) (select from LoS or NLoS)

		NLoS

		NLoS



		Mobile speed (km/h)

		120

		120



		Feeder loss (dB)

		2

		2



		Transmitter



		(1) Number of transmit antennas. (The number shall be within the indicated range in Table 6 of Report ITU-R M.2135)

		4

		2



		(2) Maximal transmit power per antenna (dBm)

		43 

		21 



		(3) Total transmit power = function of (1) and (2) (dBm)


(The value shall not exceed the indicated value in Table 6 of Report 
ITU-R M.2135)

		49

		24



		(4) Transmitter antenna gain (dBi)

		17

		0



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

		0

		0



		(6) Control channel power boosting gain (dB)

		0

		0



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

		0.2734

		0



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

		3

		1



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

		63

		23



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

		62.73

		23



		Receiver



		(10) Number of receive antennas (The number shall be within the indicated range in Table 6 of Report ITU-R M.2135)

		2

		4



		(11) Receiver antenna gain (dBi)

		0

		17



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

		1

		3



		(13) Receiver noise figure (dB)

		7

		5



		(14) Thermal noise density (dBm/Hz)

		–174

		–174



		(15) Receiver interference density (dBm/Hz)

		-165

		-166



		(16) Total noise plus interference density


        = 10 log (10^(((13) + (14))/10) + 10^((15)/10))  dBm/Hz

		-162.88 

		-164.24 



		(17) Occupied channel bandwidth (for meeting the requirements of the traffic type) (Hz)

		18904320

		787680



		(18) Effective noise power = (16) + 10 log((17)) dBm

		-90.11

		-105.28



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

		-0.93

		-2.28



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

		-0.23

		1.61



		(20) Receiver implementation margin (dB)

		2

		2



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

		0

		0



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

		0.5

		0.5



		(22a) Receiver sensitivity for control channel


         = (18) + (19a) + (20) – (21a)  dBm

		-89.04

		-105.55



		(22b) Receiver sensitivity for data channel 


         = (18) + (19b) + (20) – (21b)  dBm

		-88.85

		-102.17



		(23a) Hardware link budget for control channel 


         = (9a) + (11) − (22a)   dB

		152.04

		145.55



		(23b) Hardware link budget for data channel 


          = (9b) + (11) − (22b)  dB

		151.58

		142.17



		Calculation of available pathloss



		(24) Lognormal shadow fading std deviation (dB)

		9.4

		9.4



		(25) Shadow fading margin (function of the cell area reliability and (24)) (dB) 

		10.4

		10.4



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

		0

		0



		(27) Penetration margin (dB)

		9

		9



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

		0

		0



		(29a) Available path loss for control channel 


         = (23a) – (25) + (26) – (27) + (28) – (12)   dB

		131.64

		123.15



		(29b) Available path loss for data channel 


          = (23b) – (25) + (26) – (27) + (28) – (12)   dB

		131.18

		119.77



		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)

		2310.13

		1392.59



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

		2246.49

		1138.45



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

		16,765,767.6

		6,092,480.1



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

		15,854,702.8

		4,071,723.95





(1) 
Cell area reliability is defined as the percentage of the cell area over which coverage can be guaranteed. It is obtained from the cell edge reliability, shadow fading standard deviation and the path loss exponent. The latter two values are used to calculate a fade margin. Macro diversity gain may be considered explicitly and improve the system margin or implicitly by reducing the fade margin.


(2) 
The spectral efficiency of the chosen modulation scheme.


(3)  
The pathloss models are summarized in TABLE A1-2 of Report ITU-R M.2135.


Table 23. Link budget template for RMa, FDD

		Item

		Downlink

		Uplink



		System configuration



		Carrier frequency (GHz)

		0.8

		0.8



		BS antenna heights (m)

		35

		35



		UT antenna heights (m)

		1.5

		1.5



		Cell area reliability(1) (%) (Please specify how it is calculated.)

		95%

		95%



		Transmission bit rate for control channel (bit/s)

		89,600

		1,200



		Transmission bit rate for data channel (bit/s)

		5,849,421 

		611,334 



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

		10-2

		10-2



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

		10-1

		10-1



		Spectral efficiency(2) (bit/s/Hz) for data

		0.619

		0.776



		Pathloss model(3) (select from LoS or NLoS)

		NLoS

		NLoS



		Mobile speed (km/h)

		120

		120



		Feeder loss (dB)

		2

		2



		Transmitter



		(1) Number of transmit antennas. (The number shall be within the indicated range in Table 6 of Report ITU-R M.2135)

		4

		2



		(2) Maximal transmit power per antenna (dBm)

		40 

		21 



		(3) Total transmit power = function of (1) and (2) (dBm)


(The value shall not exceed the indicated value in Table 6 of Report 
ITU-R M.2135)

		46

		24



		(4) Transmitter antenna gain (dBi)

		17

		0



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

		0

		0



		(6) Control channel power boosting gain (dB)

		0

		0



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

		0.2734

		0



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

		3

		1



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

		60

		23



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

		59.73

		23



		Receiver



		(10) Number of receive antennas (The number shall be within the indicated range in Table 6 of Report ITU-R M.2135)

		2

		4



		(11) Receiver antenna gain (dBi)

		0

		17



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

		1

		3



		(13) Receiver noise figure (dB)

		7

		5



		(14) Thermal noise density (dBm/Hz)

		–174

		–174



		(15) Receiver interference density (dBm/Hz)

		-165

		-166 



		(16) Total noise plus interference density


        = 10 log (10^(((13) + (14))/10) + 10^((15)/10))  dBm/Hz

		-162.88 

		-164.24 



		(17) Occupied channel bandwidth (for meeting the requirements of the traffic type) (Hz)

		9452160

		787680



		(18) Effective noise power = (16) + 10 log((17)) dBm

		-93.12

		-105.28



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

		-0.93

		-2.28



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

		-0.50

		2.44



		(20) Receiver implementation margin (dB)

		2

		2



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

		0

		0



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

		0.5

		0.5



		(22a) Receiver sensitivity for control channel


         = (18) + (19a) + (20) – (21a)  dBm

		-92.05

		-105.55



		(22b) Receiver sensitivity for data channel 


         = (18) + (19b) + (20) – (21b)  dBm

		-92.13

		-101.33



		(23a) Hardware link budget for control channel 


         = (9a) + (11) − (22a)   dB

		152.05

		145.55



		(23b) Hardware link budget for data channel 


          = (9b) + (11) − (22b)  dB

		151.86

		141.33



		Calculation of available pathloss



		(24) Lognormal shadow fading std deviation (dB)

		9.4

		9.4



		(25) Shadow fading margin (function of the cell area reliability and (24)) (dB) 

		10.4

		10.4



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

		0

		0



		(27) Penetration margin (dB)

		9

		9



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

		0

		0



		(29a) Available path loss for control channel 


         = (23a) – (25) + (26) – (27) + (28) – (12)   dB

		131.65

		123.15



		(29b) Available path loss for data channel 


          = (23b) – (25) + (26) – (27) + (28) – (12)   dB

		131.46

		118.93



		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)

		2311.55

		1392.59



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

		2284.83

		1082.94



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

		16,786,364.8

		6,092,480.1



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

		16,400,589.8

		3,684,325.4





(1) 
Cell area reliability is defined as the percentage of the cell area over which coverage can be guaranteed. It is obtained from the cell edge reliability, shadow fading standard deviation and the path loss exponent. The latter two values are used to calculate a fade margin. Macro diversity gain may be considered explicitly and improve the system margin or implicitly by reducing the fade margin.


(2) 
The spectral efficiency of the chosen modulation scheme.


(3)  
The pathloss models are summarized in TABLE A1-2 of Report ITU-R M.2135.

Compliance Templates


5.1.3  
Services Compliance Templates


The compliance templates for services provided by the proponents of the IEEE and 3GPP technologies accurately describe the available services provided by the IEEE and 3GPP RITs. The REG agrees with the provided descriptions.

5.1.4 
Spectrum Compliance Templates


The spectrum compliance templates presented in the IEEE and 3GPP submissions of a candidate IMT-Advanced RIT adequately describe the spectrum used by the IEEE and 3GPP technologies. The REG does not have comments on the spectrum compliance templates.

5.1.5 
Technical Performance Compliance Templates


This section presents the final results of the IEEE and 3GPP RITs technical performance evaluation. Those results were generated by means of simulation or analytical evaluation. The technical performance compliance template for the IEEE RIT is presented in Table 24. The template for technical performance of the 3GPP RIT is represented by Table 25. Note that for system level simulation results the maximum numbers that were generated by simulation under the specified assumptions and configurations are reported.


Table 24. Technical performance compliance template for the IEEE RIT


		Minimum technical requirements item (4.2.4.3.x), units, and Report ITU-R M.2134 section reference(1)

		Category

		Required value

		Value(2), (3)



		Require-ment met?

		Comments



		

		Test environment

		Downlink or uplink

		

		

		

		



		4.2.4.3.1
Cell spectral efficiency
(bit/s/Hz/cell)
(4.1)

		Indoor

		Downlink

		3

		TDD: 5.95


FDD: 6.06

		(
Yes

No

		The IEEE RIT exceeds required values in all test environments.



		

		

		Uplink

		2.25

		TDD: 5.33


FDD: 5.50

		(
Yes

No

		



		

		Microcellular

		Downlink

		2.6

		TDD: 3.34


FDD: 3.26

		(
Yes

No

		



		

		

		Uplink

		1.8

		TDD: 2.60


FDD: 2.64

		(
Yes

No

		



		

		Base coverage urban

		Downlink

		2.2

		TDD: 2.60


FDD: 2.58

		(
Yes

No

		



		

		

		Uplink

		1.4

		TDD: 2.36


FDD: 2.44

		(
Yes

No

		



		

		High speed

		Downlink

		1.1

		TDD: 3.26


FDD: 3.23

		(
Yes

No

		



		

		

		Uplink

		0.7

		TDD: 2.78


FDD: 2.73

		(
Yes

No

		



		4.2.4.3.2
Peak spectral efficiency (bit/s/Hz)
(4.2)

		Not applicable

		Downlink

		15

		TDD: 16.13


FDD: 17.37

		(
Yes

No

		The IEEE RIT exceeds required values



		

		

		Uplink

		6.75

		TDD: 9.21


FDD: 9.40

		(
Yes

No

		



		4.2.4.3.3
Bandwidth
(4.3)

		Not applicable

		Up to and including
(MHz)

		40

		20 MHz with single carrier; Up to and including 100 MHz with multi-carrier

		(
Yes

No

		The IEEE RIT satisfies bandwidth requirement



		

		

		Scalability

		Support of at least three band-width values(4)

		5, 7, 8.75, 10, and 20 MHz with single carrier

		(
Yes

No

		The IEEE RIT satisfies bandwidth scalability requirement



		4.2.4.3.4
Cell edge user spectral efficiency (bit/s/Hz)
(4.4)

		Indoor

		Downlink

		0.1

		TDD: 0.220


FDD: 0.224

		(
Yes

No

		The IEEE RIT exceeds required values in all test environments



		

		

		Uplink

		0.07

		TDD: 0.210


FDD: 0.215

		(
Yes

No

		



		

		Microcellular

		Downlink

		0.075

		TDD: 0.088


FDD: 0.086

		(
Yes

No

		



		

		

		Uplink

		0.05

		TDD: 0.125


FDD: 0.126

		(
Yes

No

		



		

		Base coverage urban

		Downlink

		0.06

		TDD: 0.068


FDD: 0.066

		(
Yes

No

		



		

		

		Uplink

		0.03

		TDD: 0.117


FDD: 0.121

		(
Yes

No

		



		

		High speed

		Downlink

		0.04

		TDD: 0.097


FDD: 0.096

		(
Yes

No

		



		

		

		Uplink

		0.015

		TDD: 0.129


FDD: 0.140

		(
Yes

No

		



		4.2.4.3.5
Control plane latency
(ms)
(4.5.1)

		Not applicable

		Not applicable

		Less than 100 ms

		< 85 ms

		(
Yes

No

		The IEEE RIT meets required value. See Section 2.3.1 for more details



		4.2.4.3.6
User plane latency
(ms)
(4.5.2)

		Not applicable

		Not applicable

		Less than 10 ms

		TDD: 7.2 ms
FDD: 5.13 ms

		(
Yes

No

		The IEEE RIT meets required value. See Section 2.2.1 for more details



		4.2.4.3.7
Mobility classes
(4.6)

		Indoor

		Uplink

		Stationary, pedestrian

		Supported

		(
Yes

No

		The REG has reviewed and agreed with IEEE self evaluation.



		

		Microcellular

		Uplink

		Stationary, pedestrian, vehicular up to 30 km/h

		Supported

		(
Yes

No

		



		

		Base coverage urban

		Uplink

		Stationary, pedestrian, vehicular

		Supported

		(
Yes

No

		



		

		High speed

		Uplink

		High speed vehicular, vehicular

		Supported

		(
Yes

No

		



		4.2.4.3.8
Mobility
Traffic channel link data rates (bit/s/Hz)
(4.6)

		Indoor

		Uplink

		1.0

		NA

		(
Yes

No

		The REG has reviewed and agreed with IEEE self evaluation.



		

		Microcellular

		Uplink

		0.75

		NA

		(
Yes

No

		



		

		Base coverage urban

		Uplink

		0.55

		NA

		(
Yes

No

		



		

		High speed

		Uplink

		0.25

		NA

		(
Yes

No

		



		4.2.4.3.9
Intra-frequency hand-over interruption time
(ms)
(4.7)

		Not applicable

		Not applicable

		27.5

		5-10

		(
Yes

No

		The REG has reviewed and agreed with IEEE self evaluation. 



		4.2.4.3.10
Inter-frequency handover interruption time within a spectrum band (ms)
(4.7)

		Not applicable

		Not applicable

		40

		5-35

		(
Yes

No

		The REG has reviewed and agreed with IEEE self evaluation.



		4.2.4.3.11
Inter-frequency handover interruption time between spectrum bands (ms)
(4.7)

		Not applicable

		Not applicable

		60

		5-35

		(
Yes

No

		The REG has reviewed and agreed with IEEE self evaluation.



		4.2.4.3.12
Inter-system handover


(4.7)

		Not applicable

		Not applicable

		Not applicable

		Not applicable




		(
Yes

No

		The REG has reviewed and agreed with IEEE self evaluation.



		4.2.4.3.13
Number of supported VoIP users (active users/ sector/MHz)
(4.8)

		Indoor

		As defined in Report ITU-R M.2134

		50

		75

		(
Yes

No

		The IEEE RIT exceeds required values in all test environments



		

		Microcellular

		As defined in Report ITU-R M.2134

		40

		54

		(
Yes

No

		



		

		Base coverage urban

		As defined in Report ITU-R M.2134

		40

		54

		(
Yes

No

		



		

		High speed

		As defined in Report ITU-R M.2134

		30

		60

		(
Yes

No

		





(1) 
As defined in Report ITU-R M.2134.


(2) 
According to the evaluation methodology specified in Report ITU-R M.2135.


(3)
Mandatory when “no” is checked, optional when “yes” is checked.


(4)
Refer to Report ITU-R M.2135, § 7.4.1.


Table 25. Technical performance compliance template for the 3GPP RIT


		Minimum technical requirements item (4.2.4.3.x), units, and Report ITU-R M.2134 section reference(1)

		Category

		Required value

		Value(2), (3)



		Require-ment met?

		Comments


 



		

		Test environment

		Downlink or uplink

		

		

		

		



		4.2.4.3.1
Cell spectral efficiency
(bit/s/Hz/cell)
(4.1)

		Indoor

		Downlink

		3

		TDD: 5.18


FDD: 5.28

		(
Yes

No

		The 3GPP RIT exceeds required values in all test environments



		

		

		Uplink

		2.25

		TDD: 3.34


FDD: 3.42

		(
Yes

No

		



		

		Microcellular

		Downlink

		2.6

		TDD: 2.98


FDD: 3.02

		(
Yes

No

		



		

		

		Uplink

		1.8

		TDD: 1.94


FDD: 1.99

		(
Yes

No

		



		

		Base coverage urban

		Downlink

		2.2

		TDD: 2.55


FDD: 2.59

		(
Yes

No

		



		

		

		Uplink

		1.4

		TDD: 1.51


FDD: 1.55

		(
Yes

No

		



		

		High speed

		Downlink

		1.1

		TDD: 2.98


FDD: 3.03

		(
Yes

No

		



		

		

		Uplink

		0.7

		TDD: 1.89


FDD: 1.93

		(
Yes

No

		



		4.2.4.3.2
Peak spectral efficiency (bit/s/Hz)
(4.2)

		Not applicable

		Downlink

		15

		TDD: 16.0


FDD: 16.3

		(
Yes

No

		The 3GPP RIT meets the peak spectral requirement



		

		

		Uplink

		6.75

		TDD: 8.1


FDD: 8.4

		(
Yes

No

		



		4.2.4.3.3
Bandwidth
(4.3)

		Not applicable

		Up to and including
(MHz)

		40

		Up to 100 MHz with carrier aggregation

		(
Yes

No

		The 3GPP RIT satisfies the bandwidth requirement



		

		

		Scalability

		Support of at least three band-width values(4)

		1.4, 3, 5, 10, 15 and 20 MHz with single carrier

		(
Yes

No

		The 3GPP RIT satisfies the bandwidth scalability  requirement



		4.2.4.3.4
Cell edge user spectral efficiency (bit/s/Hz)
(4.4)

		Indoor

		Downlink

		0.1

		TDD: 0.223


FDD: 0.228

		(
Yes

No

		The 3GPP RIT meets the cell edge user spectral efficiency requirement in all test environments



		

		

		Uplink

		0.07

		TDD: 0.281


FDD: 0.288

		(
Yes

No

		



		

		Microcellular

		Downlink

		0.075

		TDD: 0.091


FDD: 0.093

		(
Yes

No

		



		

		

		Uplink

		0.05

		TDD: 0.063


FDD: 0.065

		(
Yes

No

		



		

		Base coverage urban

		Downlink

		0.06

		TDD: 0.083


FDD: 0.085

		(
Yes

No

		



		

		

		Uplink

		0.03

		TDD: 0.066


FDD: 0.068

		(
Yes

No

		



		

		High speed

		Downlink

		0.04

		TDD: 0.109


FDD: 0.111

		(
Yes

No

		



		

		

		Uplink

		0.015

		TDD: 0.093


FDD: 0.096

		(
Yes

No

		



		4.2.4.3.5
Control plane latency
(ms)
(4.5.1)

		Not applicable

		Not applicable

		Less than 100 ms

		< 94.1 ms

		(
Yes

No

		The 3GPP RIT meets required value. See Section 2.3.2 for more details



		4.2.4.3.6
User plane latency
(ms)
(4.5.2)

		Not applicable

		Not applicable

		Less than 10 ms

		TDD: 8.53


FDD: 6.30

		(
Yes

No

		The 3GPP RIT meets required value. See Section 2.2.2 for more details



		4.2.4.3.7
Mobility classes
(4.6)

		Indoor

		Uplink

		Stationary, pedestrian

		Supported

		(
Yes

No

		The REG has reviewed and agreed with 3GPP self evaluation



		

		Microcellular

		Uplink

		Stationary, pedestrian, vehicular up to 30 km/h

		Supported

		(
Yes

No

		



		

		Base coverage urban

		Uplink

		Stationary, pedestrian, vehicular

		Supported

		(
Yes

No

		



		

		High speed

		Uplink

		High speed vehicular, vehicular

		Supported

		(
Yes

No

		



		4.2.4.3.8
Mobility
Traffic channel link data rates (bit/s/Hz)
(4.6)

		Indoor

		Uplink

		1.0

		NA

		(
Yes

No

		The REG has reviewed and agreed with 3GPP self evaluation.



		

		Microcellular

		Uplink

		0.75

		NA

		(
Yes

No

		



		

		Base coverage urban

		Uplink

		0.55

		NA

		(
Yes

No

		



		

		High speed

		Uplink

		0.25

		NA

		(
Yes

No

		



		4.2.4.3.9
Intra-frequency hand-over interruption time
(ms)
(4.7)

		Not applicable

		Not applicable

		27.5

		10.5

		(
Yes

No

		The REG has reviewed and agreed with the 3GPP self evaluation. See section 16.5 of [36.912] 



		4.2.4.3.10
Inter-frequency handover interruption time within a spectrum band (ms)
(4.7)

		Not applicable

		Not applicable

		40

		10.5

		(
Yes

No

		The REG has reviewed and agreed with the 3GPP self evaluation.


See section 16.5 of [36.912]



		4.2.4.3.11
Inter-frequency handover interruption time between spectrum bands (ms)
(4.7)

		Not applicable

		Not applicable

		60

		10.5

		(
Yes

No

		The REG has reviewed and agreed with the 3GPP self evaluation. See section 16.5 of [36.912]



		4.2.4.3.12
Inter-system handover


(4.7)

		Not applicable

		Not applicable

		Not applicable

		Not applicable

		(
Yes

No

		The REG has reviewed and agreed with 3GPP self evaluation.



		4.2.4.3.13
Number of supported VoIP users (active users/ sector/MHz)
(4.8)

		Indoor

		As defined in Report ITU-R M.2134

		50

		NA

		(
Yes

No

		The REG has reviewed and agreed with 3GPP self evaluation.



		

		Microcellular

		As defined in Report ITU-R M.2134

		40

		NA

		(
Yes

No

		



		

		Base coverage urban

		As defined in Report ITU-R M.2134

		40

		NA

		(
Yes

No

		



		

		High speed

		As defined in Report ITU-R M.2134

		30

		NA

		(
Yes

No

		





(1) 
As defined in Report ITU-R M.2134.


(2) 
According to the evaluation methodology specified in Report ITU-R M.2135.


(3)
Mandatory when “no” is checked, optional when “yes” is checked.


(4)
Refer to Report ITU-R M.2135, § 7.4.1.


Section 6   ‑ Final Report Summary


In this report the REG provided its final evaluation results and technical conclusions on the performance of the IEEE and 3GPP RITs. The REG has reviewed the latest available technical specifications of the IEEE and 3GPP RITs. Based on this review the REG has performed the analytical and inspection analyses to check that the candidate RITs meet the IMT-Advanced requirements. During the analytical evaluation the REG has not found any significant misalignments and confirms that the self-evaluation results of the technology proponents satisfy the ITU-R IMT-Advanced requirements.


Besides the analytical evaluation, the REG has performed evaluation of the RITs by means of simulation. For this purpose the REG has developed a system level simulation platform. The designed simulation platform is compliant with ITU-R IMT-Advanced evaluation guidelines and supports all mandatory test environments. To ensure reliability of the simulation results detailed calibration of the platform was performed ‎[1] and good alignment of the results has been observed with the results of other independent evaluation groups (‎[11] and ‎[12]) participating in the IMT-Advanced evaluation process.


With the help of the developed simulation platform the REG has conducted link level and system level simulation of various metrics of the candidate RITs in all mandatory IMT-Advanced test environments. 

The DL spectral efficiency performance was evaluated for both IEEE and 3GPP RITs, and it has been shown that both technologies meet the IMT-Advanced requirements on the DL cell and cell-edge user spectral efficiency performance. 


The UL spectral efficiency was also evaluated for the IEEE and 3GPP technologies, and compliance to the IMT-Advanced requirements has been confirmed for both RITs. 


The DL VoIP capacity was evaluated for the IEEE RIT, and compliance with the IMT-Advanced requirements has been confirmed for all mandatory test environments.


The REG has also evaluated the performance of both IEEE and 3GPP RITs for the optional Open Area Rural Model scenario. 


Overall, based on its evaluation results, the REG concludes that both candidate RITs have comparable technical performance characteristics and confirms that both the IEEE and 3GPP RITs satisfy the IMT-Advanced requirements for all considered evaluation items.
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Annex A - System Level Evaluation Assumption and Parameters


The main RIT frame parameters that were used in the evaluation are shown in Table 26 and Table 27 for the IEEE and 3GPP RITs, respectively. These parameters are in accordance with the requirements for assessment of the cell spectral efficiency and cell edge user spectral efficiency characteristics ‎[3]. In addition, Table 28 lists the basic system level evaluation parameters that were applied for the independent evaluation of RITs. Table 29 summarizes the main details of the system level configuration used by the REG.

Table 26. Frame parameters for the IEEE RIT.

		Parameter

		Description

		Indoor (InH)

		Microcellular (UMi)

		Base Coverage Urban (UMa)

		High Speed (RMa)
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		Carrier frequency

		3.4 GHz

		2.5 GHz

		2.0 GHz

		0.8 GHz
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		Bandwidth: cell spectral efficiency

		20 + 20   (FDD), or 40   (TDD)

		10 + 10   (FDD), or 20   (TDD)



		

		Bandwidth: 
VoIP evaluation

		5 + 5   (FDD),
10   (TDD)
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		FFT Size: cell spectral efficiency

		FDD: 2048
TDD: 2x2048

		FDD: 1024
TDD: 2048



		

		FFT Size: VoIP evaluation 

		FDD: 512
TDD: 1024
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		Sampling frequency: cell spectral efficiency

		FDD: 22.4  
TDD: 44.8  

		FDD: 11.2  
TDD: 22.4  



		

		Sampling frequency: VoIP evaluation

		FDD: 5.6  
TDD: 11.2  
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		Subcarrier spacing

		10.9375 kHz
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		OFDMA symbol duration without cyclic prefix

		91.43 us
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		Cyclic prefix length (fraction of 
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)

		1/16
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		OFDMA symbol duration with cyclic prefix

		97.143 us
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		Frame length

		5 ms
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		Number of OFDMA symbols in frame

		FDD: 51
TDD: 50
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		Ratio of DL to UL and subframe types: cell spectral efficiency

		TDD: 5 DL subframes, 3 UL subframes - 6, 7, 6, 6, 6 : 6, 6, 7


FDD: 8 subframes for DL and UL - 6, 7, 6, 6, 7, 6, 6, 7



		

		Ratio of DL to UL and subframe types: VoIP evaluation

		TDD: 4 DL subframes, 4 UL subframes - 6, 7, 6, 6 : 6, 6, 6, 7


FDD: 8 subframes for DL and UL - 6, 7, 6, 6, 7, 6, 6, 7
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		TDD Switching time


FDD Idle time

		TDD: TTG+RTG = 142.85 µs

FDD Idle Time: 45.71 µs





Table 27. Frame parameters for the 3GPP RIT.

		Parameter

		Description

		Indoor (InH)

		Microcellular (UMi)

		Base Coverage Urban (UMa)

		High Speed (RMa)
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		Carrier frequency

		3.4 GHz

		2.5 GHz

		2.0 GHz

		0.8 GHz
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		Bandwidth: cell spectral efficiency

		20 + 20   (FDD), or 40   (TDD)

		10 + 10   (FDD), or 20   (TDD)



		

		Bandwidth: 
VoIP evaluation

		5 + 5   (FDD),
10   (TDD)
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		FFT Size: cell spectral efficiency

		FDD: 2048
TDD: 2x2048

		FDD: 1024
TDD: 2048



		

		FFT Size: VoIP evaluation 

		FDD: 512
TDD: 1024
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		Sampling frequency: cell spectral efficiency

		FDD: 30.72  
TDD: 61.44  

		FDD: 15.36  
TDD: 30.72  



		

		Sampling frequency: VoIP evaluation

		FDD: 7.68
TDD: 15.36
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		Subcarrier spacing

		15 kHz
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		OFDMA/SC-FDMA symbol duration without cyclic prefix

		66.6 us
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		Cyclic prefix type 

		Normal
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		Frame length

		10 ms
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		Number of OFDMA and SC-FDMA symbols in frame

		FDD: 140
TDD: 138 (2 for switching gaps)
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		TDD UL/DL frame configuration

		1
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		TDD switching gap

		2 switching points, each has 1 OFDMA symbol duration including CP





Table 28. Basic system level evaluation parameters (Common for IEEE and 3GPP RITs)

		Deployment scenario for the evaluation process

		Indoor hotspot

		Urban 
micro-cell

		Urban 
macro-cell

		Rural 
macro-cell



		Deployment related parameters



		BS antenna height

		6 m, mounted on ceiling

		10 m, below rooftop

		25 m, above rooftop

		35 m, above rooftop



		UT antenna height

		1.5 m

		1.5 m

		1.5 m

		1.5 m



		Minimum distance between UT and serving cell

		3 m

		10 m

		25 m

		35 m



		Layout

		Indoor floor

		19 cell hexagonal grid

		19 cell hexagonal grid

		19 cell hexagonal grid



		Inter-site distance

		60 m

		200 m

		500 m

		1732 m



		Outdoor to in-car penetration loss

		NA

		NA

		9 dB (LN, σ = 5 dB)

		9 dB (LN, σ = 5 dB)



		Channel Model

		Indoor hotspot model (InH)

		Urban micro model (UMi)

		Urban macro model (UMa)

		Rural macro model (RMa)



		User distribution

		Randomly and uniformly distributed over deployment area 



		User mix

		100% Indoor users that divided on LOS & NLOS users in accordance with LOS probability function

		50 % outdoor users (pedestrians) and 50 % of indoor users. Both outdoor and indoor users are divided on LOS and NLOS in accordance with LOS probability function

		100% of users outdoors in vehicles. Outdoor users are divided on LOS and NLOS in accordance with LOS probability function.

		100% of users outdoors in high speed vehicles.


Outdoor users are divided on LOS and NLOS in accordance with LOS probability function.



		User mobility model

		Fixed and identical speed |v| of all UTs, randomly and uniformly distributed direction

		Fixed and identical speed |v| of all UTs, randomly and uniformly distributed direction 

		Fixed and identical speed |v| of all UTs, randomly and uniformly distributed direction

		Fixed and identical speed |v| of all UTs, randomly and uniformly distributed direction



		UT speeds of interest

		3 km/h

		3 km/h

		30 km/h

		120 km/h.



		Number of users per cell sector (cell spectral efficiency evaluation)

		10



		Cell Selection Procedure

		Maximum Wideband SINR



		BS equipment model



		Number of BS sectors

		1

		3

		3

		3



		Total BS TX power at antenna feedpoint (total power per BS sector)

		24 dBm for 40  , 21 dBm for 20  

		41 dBm for 10  , 44 dBm for 20  

		46 dBm for 10  , 49 dBm for 20  

		46 dBm for 10  , 49 dBm for 20  



		Number of BS TX antennas (shall be up to 8 tx)

		4

		4

		4

		4



		Number of BS RX antennas (shall be up to 8 rx)

		4

		4

		4

		4



		BS noise figure

		5 dB

		5 dB

		5 dB

		5 dB



		BS antenna type

		Omnidirectional

		Directional 

		Directional

		Directional



		BS antenna gain (boresight)

		0 dBi

		17dBi

		17dBi

		17dBi



		BS antenna 3dB beamwidth

		N/A

		70° in Horizontal plane, 15° in Vertical plane

		70° in Horizontal plane, 15° in Vertical plane

		70° in Horizontal plane, 15° in Vertical plane



		BS antenna maximum attenuation

		N/A

		20 dB

		20 dB

		20 dB



		BS antenna tilt angle

		N/A

		12°

		12°

		6°



		User Terminal  equipment model



		UT transmit  power

		21 dBm

		24 dBm

		24 dBm

		24 dBm



		Number of UT TX antennas (shall be up to 2 tx)

		2

		2

		2

		2



		Number of UT RX antennas (shall be up to 2 rx)

		2

		2

		2

		2



		UT noise figure

		7 dB

		7 dB

		7 dB

		7 dB



		UT antenna type

		Omnidirectional

		Omnidirectional

		Omnidirectional

		Omnidirectional



		UT antenna gain

		0 dBi

		0 dBi

		0 dBi

		0 dBi



		Additional system level simulation parameters



		Network Wrap Around

		NA

		2-tier, On 

		2-tier, On 

		2-tier, On



		Inter-site interference modeling

		Explicitly modeled



		Number of strong interferers

		Interference signal from 1 neighboring BS is explicitly modeled

		Signals from 8 strongest interferers are explicitly modeled, remaining interference are emulated as white noise with equal power



		Thermal noise level

		-174 dBm/Hz



		Simulation time span for a single drop, cell spectral efficiency evaluation

		1.5 s



		Traffic model for cell spectral efficiency

		Full buffer best effort

		Full buffer best effort

		Full buffer best effort

		Full buffer best effort





Table 29. Details of system level configuration

		Deployment scenario for the evaluation process

		Indoor hotspot

		Urban 
micro-cell

		Urban 
macro-cell

		Rural macro-cell



		Doppler fading modeling 

		Static on 1 frame period

		Static on 1 frame period

		Static on 6 OFDMA symbols period

		Static on 6 OFDMA symbols period



		MIMO scheme

		DL: Closed loop MU-MIMO scheme, 4 x 2 antenna configuration, adaptive switching among rank-1, rank-2transmission



		Link Adaptation CQI 

		Mean Mutual Information per Bit metric is used to select appropriate CQI



		CQI selection threshold (PER threshold)

		10%



		Receiver type

		MMSE



		HARQ parameters

		Non-adaptive synchronous Chase Combining with maximum of 4 retransmissions with 4 frames delay



		Scheduling parameters

		MU-PF, α = 1.0, (=0.002; Metrics updated at for each allocation resource



		Non – Ideal factors

		The effects of MIMO channel and interference covariance matrix estimation is taken into account for data decoding and generation of CQI report and MIMO precoding information.



		User dropping

		Users are dropped independently with uniform distribution over predefined area of the considered network layout.



		Cell selection

		A user is associated to the sector which has the highest wideband SINR (i.e. geometrical SINR).



		Channel modeling

		Channel modeling is performed in accordance to the procedures described in ITU-R M.2135. For small scale channel modeling the mandatory generic procedure is used.








Annex B – IEEE RIT L1/L2 Overhead Calculation Procedure


The system-level simulations for the IEEE RIT take into account the full L1/L2 overhead, including cyclic prefix and frame transition intervals in time domain, guard bands in frequency domain, as well as the dynamic overhead of precoded pilot signals and control channel transmissions.


DL Control Overhead Calculation Procedure


For the IEEE RIT the overhead of pilot signals and control channels transmissions is calculated dynamically and depends on the transmission modes and BS scheduler decisions. The following assumptions were made for the calculation of the DL overhead due to control channel and pilot signal transmission:


· All physical resource units (PRUs) use pilot patterns for 1 or 2 spatial data streams depending on the BS scheduling decision.

· Long TTI transmission is used for DL allocations in TDD and FDD duplexing modes.

· The DL A-A-MAP control overhead is dynamically calculated based on the scheduler decisions in each simulated frame. Additional assumptions used for the DL A-A-MAP overhead calculation are:


· A DL A-A-MAP element is assumed to be transmitted using either QPSK 1/2 or QPSK 1/4; all data allocations with SINR higher than 1 dB are assigned QPSK 1/2.

· In the case of subband-based CRU subchannelization, up to three allocations to one user with the same MCS values are assigned a single A-A-MAP IE.


· The UL A-A-MAP control overhead was not modeled in the provided simulation results. The typical values for UL A-A-MAP were assumed to be equal to 75% of DL A-A-MAP overhead.


· Fixed HF-A-MAP overhead of 1 and 2 Logical Resource Units (LRUs) per frame is assumed for TDD and FDD modes correspondingly.


· Fixed A-PREAMBLE overhead of 1 OFDMA symbol per frame is assumed for both TDD and FDD modes.

· Fixed A-MIDAMBLE overhead of 1 OFDMA symbol per frame is assumed for both TDD and FDD modes.

· Fixed SFH overhead of 20 LRUs per superframe is assumed for both FDD and TDD modes.

Table 30 contains a summary of the DL control channel and pilot signal overhead calculations for TDD and FDD modes for 0.5 wavelengths BS antenna spacing:


Table 30. Summary of the IEEE RIT DL overhead for different duplexing modes and test environments

		

		InH

		UMi

		UMa

		RMa



		TDD, 20 MHz

		18.9%

		21.8%

		21.1%

		21.0%



		FDD, 10 MHz

		18.9%

		18.5%

		23.6%

		23.4%





UL Control Overhead Calculation Procedure

The UL Control Overhead calculations are the same as in the IEEE Self-evaluation document, with the additional overhead of pilot signals included in the total overhead percentage.

The following assumptions were made for the UL control channel and pilot signal transmission:

1. All physical resource units (PRUs) use pilot patterns for 1 or 2 spatial data streams depending on the BS scheduling decision.


2. P-FBCH: The UL control overhead of the P-FBCH is calculated according to the P-FBCH reporting period of 5 ms for UMa and RMa, and by assuming that all 10 users/sector transmit the PFBCH in each 5 ms frame.


3. S-FBCH/UL MAC management: The feedback of CQI/PMI is done either through S-FBCH or UL MAC management messages. In both cases, the reporting period is 5 ms for both TDD and FDD. 


4. H-FBCH: The overhead of the H-FBCH was based on the dynamic calculation of the required ACKs/NACKs from the DL system level simulations for each test environment.


5. LT-CM: Although the feedback of the LT-CM is not assumed to be received through a dedicated UL control channel but through a regular UL MAC management burst, its overhead is included in the calculation of the UL control overhead. Fixed overhead of the LT-CM feedback is adopted assuming a reporting period of 20 ms for both UMa and RMa. 


6. Sounding: To enable the required sounding capabilities for both FDD and TDD, fixed overhead of 1 symbol per long TTI for both TDD and FDD is assumed. 


7. IR: Fixed overhead of 4 LRUs per superframe is assumed for both TDD and FDD.


8. BW-REQ: Fixed overhead of 4 LRUs per superframe is assumed for both TDD and FDD.


Table 30 contains a summary of the UL control channel and pilot signal overhead calculations for TDD and FDD modes:

Table 31. Summary of the IEEE RIT UL overhead for different duplexing modes and test environments

		

		InH

		UMi

		UMa

		RMa



		TDD, 20 MHz

		18.96%

		23.71%

		20.34%

		19.45%



		FDD, 10 MHz

		17.13%

		21.69%

		19.12%

		17.62%





Annex C – 3GPP RIT L1/L2 Overhead Calculation Procedure


The system-level simulations for the 3GPP RIT take into account the L1/L2 overhead, including the cyclic prefix and frame transition intervals in time domain, guard bands in frequency domain, as well as the overhead of reference signals and control channels.


DL Control Overhead Calculation Procedure


For the 3GPP RIT simulations the DL overhead due to reference signal and control channel transmission only depends on the frame configuration parameters and signal bandwidth. Thus, the overhead values do not depend on the test environment and the fixed overhead calculation procedure can be used.


The following assumptions were made for the calculation of overhead due to DL control channel and pilot signal transmission.


[1] In TDD mode, the DL portion of the frame consists of 2 DL, 2 MBSFN and 2 Special subframes. The DwPTS duration is 11 OFDMA symbols. In FDD mode, the DL portion of the frame consists of 4 DL and 6 MBSFN subframes.

[2] The DL physical control channels occupy N OFDMA symbols (N = 1, 2, 3 OFDMA symbols). For DwPTS in TDD mode the maximum value of N is equal 2. All simulation results in this report are provided assuming that the number of symbols for DL physical channel transmission is equal to 2 (N = 2).

[3] All reference signal transmission overhead is accounted:


a. Antenna port 0 is used for cell-specific reference signals transmission.

b. Antenna ports 7, 8 are used for demodulation reference signals transmission.


c. CSI-RS are transmitted in FDD mode only and occupy 400 REs per frame.


[4] The synchronization signal and PBCH channel are also included in overhead calculation.

Table 27 contains the summary of the DL control channel and pilot signal overhead calculations for TDD and FDD modes:


Table 32. Summary of the 3GPP RIT DL overhead for different duplexing modes (TDD/FDD) and number of control symbols

		

		N = 1

		N = 2

		N = 3



		TDD, 20 MHz

		17.5%

		25.2 %

		30.3%



		FDD, 10 MHz

		16.9%

		24.0 %

		31.2%





UL Control Overhead Calculation Procedure


In the FDD mode, control overhead for the 3GPP uplink transmission was assumed to be contributed by the next factors:


· Two symbols per subframe are fully occupied by demodulation reference signals (DM-RS) giving 14.3% overhead.


· Control signaling on the PUCCH and PUSCH channels was consuming 4 physical resource blocks (PRBs) of each SC-FDMA symbol for 10 MHz bandwidth and 8 PRBs for 20 MHz bandwidths giving additional 6.7% overhead.


· Sounding reference signals (SRS) were transmitted at full bandwidth with 10 ms period and thus consuming one SC-FDMA symbol of every 10 subframes resulting in 0.6% overhead.


· Physical random access channel (PRACH) was occupying 6 PRB bandwidth in every tenth subframe (i.e., at 10 ms period) adding  0.9% to the overhead budget.


Summing up all accounted factors gives the total overhead for the FDD mode to be equal to 22.7%.


For the TDD mode, a similar procedure as for FDD was used for overhead calculation. In addition, it was taken into account that there is a guard period between the downlink and uplink transmissions and that the UpPTS period of the S-type subframe cannot be used for data transmission but can be allocated to SRS channel sounding and PRACH random access signals. The total overhead for the 3GPP uplink in the TDD mode was calculated as 24.5%.


Table 33 contains a summary of the 3GPP uplink overhead results.

Table 33. Summary of the 3GPP RIT uplink overhead for different duplexing modes (TDD/FDD) 

		

		Overhead



		TDD,  20/40 MHz

		24.5%



		FDD, 10/20 MHz

		22.7%





Annex D – Downlink System Level Evaluation for Open Area Rural Model


During the 7th ITU-R WP5D meeting in February 2010 and the Meeting of IMT-Advanced Independent Evaluation Groups in New Delhi in April 2010, the TCOE India group has suggested a new Open Area Rural Model (OARM) ‎[25] and proposed to the other independent evaluation groups to provide evaluation of the IMT-Advanced candidate technologies for this scenario. The model suggested by TCOE India describes the possible scenario for 4G broadband wireless systems deployments in Indian rural areas.


The REG has decided to participate in the downlink performance evaluation of the IMT-Advanced candidate technologies for the OARM scenario. The summary of model-specific OARM simulation parameters used by the REG is shown in Table 34.

Table 34. Basic system level evaluation parameters for OARM

		Deployment scenario for the evaluation process

		OARM



		Deployment related parameters



		Carrier frequency

		2.3 GHz



		BS antenna height

		40 m



		UT antenna height

		3 m



		Minimum distance between UT and serving cell

		35 m



		Layout

		19 cell hexagonal grid



		Inter-site distance

		30 km, 40 km, 50 km



		Outdoor to in-car penetration loss

		NA



		Pathloss model

		Hata Open Area model: 97.46 + 34.4 log10(d[km])



		Channel Model

		Rural Macro model (RMa)



		User distribution

		Randomly and uniformly distributed over deployment area



		User mix

		100% of users outdoors. Outdoor users are all NLOS.



		User mobility model

		Fixed and identical speed |v| of all UTs, randomly and uniformly distributed direction 



		UT speeds of interest

		0.5 km/h



		Number of users per cell sector (cell spectral efficiency evaluation)

		10 (the results may be scaled for 40, 70, 100 users per sector for 30 km, 40 km, 50 km inter-site distances correspondingly)



		Cell Selection

		Maximum wideband SNR. 



		BS equipment model



		Number of BS sectors

		3



		Total BS TX power at antenna feedpoint (total power per BS sector)

		49 dBm for 20MHz  , 46 dBm for 10MHz 



		Number of BS TX antennas (shall be up to 8 tx)

		4



		Number of BS RX antennas (shall be up to 8 rx)

		4



		BS noise figure

		5 dB



		BS antenna type

		Directional



		BS antenna gain (boresight)

		17 dBi



		BS antenna 3dB beamwidth

		70° in Horizontal plane, 15° in Vertical plane 



		BS antenna maximum attenuation

		20 dB



		BS antenna tilt angle

		1°



		UT equipment model



		User Terminal transmit  power

		24 dBm, 30 dBm



		Number of UT TX antennas (shall be up to 2 tx)

		1



		Number of UT RX antennas (shall be up to 2 rx)

		1



		UT noise figure

		7 dB



		UT antenna type

		Directional



		UT antenna gain (boresight)

		13 dBi



		UT antenna 3dB beamwidth

		45° in horizontal plane



		UT antenna maximum attenuation

		18 dB





The REG has evaluated the DL system-level performance for the IEEE and 3GPP RITs in the OARM scenario. The system level simulation results of the cell and cell-edge spectral efficiency for OARM are summarized in 


Table 35
. For the IEEE RIT the subband-based CRU subchannelization with 12 data bursts and the MU-MIMO scheme with 6-bit transformed codebook were simulated for the 4 x 2 antenna configuration with adaptive switching between rank-1 and rank-2 transmissions. The remaining RIT simulation parameters and configurations are identical to the parameters described in Section 3. The simulation results for 0.5 wavelengths BS antenna spacing are provided. The evaluation of the spectral efficiency takes into account the estimated overhead values according to the procedures described in Annex B for the IEEE RIT and Annex C for the 3GPP RIT. Note that for the 3GPP technology the DL spectral efficiency was calculated assuming that two symbols within each DL subframe are used for transmission of the PDCCH, PHICH and PCFICH control channels.


Table 35. Downlink spectral efficiency evaluation for OARM


		System Configuration

		IEEE

		3GPP



		

		DL cell SE (bit/sec/Hz)

		DL cell-edge SE (bit/sec/Hz)

		DL Overhead


%

		DL cell SE (bit/sec/Hz)

		DL cell-edge SE (bit/sec/Hz)

		DL Overhead


%



		Inter site distance = 30 km



		TDD (20 MHz)
Antenna spacing 0.5λ

		2.95

		0.044

		21.1%

		2.47

		0.042

		25.2 %



		FDD (10 MHz)
Antenna spacing 0.5λ

		2.93

		0.044

		23.4 %

		2.50

		0.043

		24.0%



		Inter site distance = 40 km



		TDD (20 MHz)
Antenna spacing 0.5λ

		2.92

		0.041

		21.1%

		2.43

		0.042

		25.2 %



		FDD (10 MHz)
Antenna spacing 0.5λ

		2.88

		0.041

		23.4 %

		2.47

		0.043

		24.0%



		Inter site distance = 50 km



		TDD (20 MHz)
Antenna spacing 0.5λ

		2.97

		0.043

		21.0%

		2.48

		0.043

		25.2 %



		FDD (10 MHz)
Antenna spacing 0.5λ

		2.94

		0.043

		23.3 %

		2.52

		0.044

		24.0%





___________

* 	Submitted on behalf of the Russian Evaluation Group (REG).
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