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1. Introduction

This document is a text proposal for TR36.912 on the performance evaluation results for the ITU-R submission. Results of extensive performance evaluation for cell-spectral efficiency, cell edge spectral efficiency, mobility, and VoIP are captured in this text proposal.
2. Text proposal
16 Self-Evaluation Report on “LTE Release 10 & beyond   (LTE-Advanced)”
The evaluation results provided here are in support of the submission of the 3GPP “LTE Release 10 & beyond (LTE-Advanced)”to the ITU-R as a candidate technology for the IMT-Advanced. This information supports the completion of the compliance templates in section 4.2.4. of Report ITU-R M.2133 [R1].
The capabilities addressed here span the capabilities from LTE Rel-8 and extend through Rel-10 and beyond.  As such the capabilities represent a range of possible functionalities and solutions that might be adopted by 3GPP in the work on the further specifications of LTE.
The ITU-R documents in the references [R1-R4], the work of 3GPP and individual companies was utilized in the preparation of this self-evaluation report.
………..

16.4 Spectral efficiency and user throughput
Cell spectral efficiency and cell-edge spectral efficiency are evaluated through extensive simulations conducted by a number of companies. The simulation assumptions applied in the following evaluations are shown in Appendix A. Detailed information covering a range of possible configurations is provided in Appendix A.2 (embedded spreadsheet).  In the tables below a subset of the configurations is provided from the data in Appendix A.2. This provides a representative selection of current and possible capabilities in various configurations that could be deployed. 

For downlink, cell spectral efficiency and cell-edge spectral efficiency are evaluated by assuming overhead corresponding to a downlink control channels that spans L OFDM symbols with L=1, L = 2 and L = 3. Each value in the table is obtained as an average of all the samples obtained by different companies. The number of samples are also shown in each table.
All the results below show that the requirement is fulfilled with L=3, corresponding to the largest overhead except the system bandwidth 1.25 MHz. Relaxing the overhead assumption to L=1 and 2 further enhances the throughput performance. 
16.4.1 Cell spectral efficiency and cell-edge spectral efficiency

16.4.1.1 Indoor 
Tables 16.4.1.1-1 and16.4.1.1-2 show the downlink spectral-efficiency results in the indoor environment (InH channel model) for FDD and TDD, respectively. The tables show that already LTE Rel- 8 with SU-MIMO 4 x 2 fulfills the ITU requirements. Thus it can be concluded that LTE will fulfill the ITU requirements on downlink cell-average and cell-edge spectral efficiency for the indoor environment. The tables also illustrate the further improved performance that can be achieved by using additional technology features.

Table 16.4.1.1-1: Downlink spectral efficiency in indoor (FDD), InH
	Scheme and antenna configuration
	ITU

Requirement
(Ave./Edge)
	Number of samples
	Cell average
	Cell edge

	
	
	
	L=1
	L=2
	L=3
	L=1
	L=2
	L=3

	Rel-8 SU-MIMO 
4 x 2 (A)
	3 / 0.1
	15 
	4.8 
	4.5 
	4.1 
	0.23 
	0.21 
	0.19 

	MU-MIMO 4 x 2 (C)
	3 / 0.1
	3 
	6.6 
	6.1 
	5.5 
	0.26 
	0.24 
	0.22 


Table 16.4.1.1-2: Downlink spectral efficiency (TDD), InH
	Scheme and antenna configuration
	ITU

Requirement
(Ave./Edge)
	Number of samples
	Cell average
	Cell edge

	
	
	
	L=1
	L=2
	L=3
	L=1
	L=2
	L=3

	Rel-8 SU-MIMO 
4 x 2 (A)
	3 / 0.1
	10 
	4.7 
	4.4 
	4.1 
	0.22 
	0.20 
	0.19 

	MU-MIMO 4 x 2 (C)
	3 / 0.1
	4 
	6.5 
	6.1 
	5.7 
	0.23 
	0.22 
	0.20 


Tables 16.4.1.1-3 and16.4.1.1-4 show the uplink spectral efficiency results in the indoor environment (InH channel model) for FDD and TDD, respectively. The tables show that already LTE Rel- 8 with SIMO 1 x 4 fulfills the ITU requirements. Thus it can be concluded that LTE will fulfill the ITU requirements on uplink cell-average and cell-edge spectral efficiency for the indoor environment. The tables also illustrate the further improved performance that can be achieved by using additional technology features. 
Table 16.4.1.1-3: Uplink spectral efficiency (FDD), InH
	Scheme and antenna configuration
	ITU
Requirement

(Ave./Edge)
	Number of samples
	Cell average
	Cell edge

	Rel-8 SIMO 1x4 (A)
	2.5 / 0.07
	14 
	3.3 
	0.23 

	Rel-8 SIMO 1x4 (C)
	2.5 / 0.07
	10 
	3.3 
	0.24 

	Rel-8 MU-MIMO 1x4 (A)
	2.5 / 0.07
	2 
	5.8 
	0.42 

	SU-MIMO 2 x 4 (A)
	2.5 / 0.07
	5
	4.3 
	0.25 


Table 16.4.1.1-4: Uplink spectral efficiency (TDD), InH
	Scheme and antenna configuration
	ITU
Requirement
(Ave./Edge)
	Number of samples
	Cell average
	Cell edge

	Rel-8 SIMO 1x4 (A)
	2.5 / 0.07
	9 
	3.1 
	0.22 

	Rel-8 SIMO 1x4 (C)
	2.5 / 0.07
	7 
	3.1 
	0.23 

	Rel-8 MU-MIMO 1x4 (A)
	2.5 / 0.07
	2 
	5.5 
	0.39 

	SU-MIMO 2 x 4 (A)
	2.5 / 0.07
	2 
	3.9 
	0.25 


16.4.1.2  Microcellular
Tables 16.4.1.2-1 and16.4.1.2-2 show the downlink spectral efficiency results in the microcellular environment (UMi channel model) for FDD and TDD, respectively. The tables show that, with the extension of LTE Rel-8 with MU-MIMO 4 x 2, the ITU requirements are fulfilled. Thus it can be concluded that LTE will fulfill the ITU requirements on downlink cell-average and cell-edge spectral efficiency for the microcelluar environment. The tables also illustrate the further improved performance that can be achieved by using additional technology features.

ved performance that can be achieved by using additional technology features.

Table 16.4.1.2-1: Downlink spectral efficiency (FDD), UMi
	Scheme and antenna configuration
	ITU Requirement
(Ave./Edge)
	Number of samples
	Cell average
	Cell edge

	
	
	
	L=1
	L=2
	L=3
	L=1
	L=2
	L=3

	MU-MIMO 4 x 2(C)
	2.6 / 0.075
	8 
	3.5 
	3.2 
	2.9 
	0.11 
	0.096 
	0.087 

	MU-MIMO 4 x 2(A)
	2.6 / 0.075
	3 
	3.4 
	3.1 
	2.8 
	0.12 
	0.11 
	0.099 

	CS/BF-CoMP 4 x 2(C)
	2.6 / 0.075
	5 
	3.7 
	3.3 
	3.0 
	0.11
	0.10 
	0.091 

	JP-CoMP 4 x 2 (C)
	2.6 / 0.075
	1 
	4.5 
	4.1 
	3.7 
	0.14 
	0.13 
	0.12 

	MU-MIMO 8 x 2(C/E)
	2.6 / 0.075
	4 
	4.2 
	3.8 
	3.5 
	0.15
	0.14 
	0.13 


Table 16.4.1.2-2: Downlink spectral efficiency (TDD), UMi
	Scheme and antenna configuration
	ITU Requirement

(Ave./Edge)
	Number of samples
	Cell average
	Cell edge

	
	
	
	L=1
	L=2
	L=3
	L=1
	L=2
	L=3

	MU-MIMO 4 x 2(C)
	2.6 / 0.075
	8 
	3.4 
	3.2 
	3.0 
	0.10 
	0.096 
	0.089 

	MU-MIMO 4 x 2(A)
	2.6 / 0.075
	1 
	3.1 
	2.9 
	2.7 
	0.11 
	0.10 
	0.095 

	CS/BF-CoMP 4 x 2(C)
	2.6 / 0.075
	3 
	3.7 
	3.5 
	3.2 
	0.10 
	0.097 
	0.090 

	JP-CoMP 4 x 2 (C)
	2.6 / 0.075
	1 
	4.5 
	4.2 
	3.9 
	0.098 
	0.092 
	0.085 

	MU-MIMO 8 x 2(C/E)
	2.6 / 0.075
	4 
	4.1 
	3.9 
	3.6 
	0.11 
	0.11 
	0.10 


Tables 16.4.1.2-3 and16.4.1.2-4 show the uplink spectral efficiency results in the microcellular environment (UMi channel model) for FDD and TDD, respectively. The tables show that already LTE Rel-8 with SIMO 1 x 4 fulfills the ITU requirements. Thus it can be concluded that LTE will fulfill the ITU requirements on uplink cell-average and cell-edge spectral efficiency for the microcellular environment. The tables also illustrate the further improved performance that can be achieved by using additional technology features.

Table 16.4.1.2-3: Uplink spectral efficiency (FDD) , UMi
	Scheme and antenna configuration
	ITU

Requirement
(Ave./Edge)
	Number of samples
	Cell average
	Cell edge

	Rel-8 SIMO 1 x 4(C)
	1.8 / 0.05
	13 
	1.9 
	0.072 

	Rel-8 MU-MIMO 1 x 4(A)
	1.8 / 0.05
	2 
	2.5 
	0.077 

	MU-MIMO 2 x 4 (A)
	1.8 / 0.05
	1 
	2.5 
	0.086 


Table 16.4.1.2-4: Uplink spectral efficiency (TDD) ,UMi
	Scheme and antenna configuration
	ITU

Requirement
(Ave./Edge)
	Number of samples
	Cell average
	Cell edge

	Rel-8 SIMO 1 x 4(C)
	1.8 / 0.05
	9 
	1.9 
	0.070 

	Rel-8 MU-MIMO 1 x 4(A)
	1.8 / 0.05
	2 
	2.3 
	0.071 

	MU-MIMO 2 x 4 (A)
	1.8 / 0.05
	1 
	2.8 
	0.068 

	MU-MIMO 1 x 8 (E)
	1.8 / 0.05
	1 
	3.0 
	0.079 


16.4.1.3 Base coverage urban
Tables 16.4.1.3-1 and 16.4.1.3-2 show the downlink spectral efficiency results of the base coverage urban environment (UMa channel model) for FDD and TDD, respectively. The tables show that, with the extension of LTE Rel- 8 with the MU-MIMO 4 x 2 or CS/BF MU-MIMO 4 x 2, the ITU requirements are fulfilled. Thus it can be concluded that LTE will fulfill the ITU requirements on downlink cell-average and cell-edge spectral efficiency for the base coverage urban environment. The tables also illustrate the further improved performance that can be achieved by using additional technology features.

Table 16.4.1.3-1: Downlink spectral efficiency (FDD) , UMa
	Scheme and antenna configuration
	ITU

Requirement
(Ave./Edge)
	Number of samples
	Cell average
	Cell edge

	
	
	
	L=1
	L=2
	L=3
	L=1
	L=2
	L=3

	MU-MIMO 4 x 2(C)
	2.2 / 0.06
	7 
	2.8 
	2.6 
	2.4 
	0.080 
	0.073 
	0.066 

	CS/BF-CoMP 4 x 2(C)
	2.2 / 0.06
	6 
	2.9 
	2.6 
	2.4 
	0.082 
	0.075 
	0.068 

	JP-CoMP 4 x 2 (A)
	2.2 / 0.06
	1 
	3.0 
	2.7 
	2.5 
	0.080 
	0.073 
	0.066 

	CS/BF-CoMP 8 x 2(C)
	2.2 / 0.06
	3 
	3.9 
	3.6 
	3.3 
	0.10 
	0.096 
	0.087 


Table 16.4.1.3-2: Downlink spectral efficiency (TDD) , UMa
	Scheme and antenna configuration
	ITU

Requirement
(Ave./Edge)
	Number of samples
	Cell average
	Cell edge

	
	
	
	L=1
	L=2
	L=3
	L=1
	L=2
	L=3

	MU-MIMO 4 x 2(C)
	2.2 / 0.06
	7 
	2.8 
	2.6 
	2.4 
	0.076 
	0.071 
	0.067 

	CS/BF-CoMP 4 x 2(C)
	2.2 / 0.06
	4 
	2.8 
	2.6 
	2.4 
	0.082 
	0.076 
	0.071 

	JP-CoMP 4 x 2 (C)
	2.2 / 0.06
	1 
	3.5 
	3.3 
	3.1 
	0.087 
	0.082 
	0.076 

	CS/BF-CoMP 8 x 2(C/E)
	2.2 / 0.06
	3 
	3.7 
	3.5 
	3.3 
	0.10 
	0.098 
	0.091 


Tables 16.1.3-3 and16.4.1.3-4 show the uplink spectral efficiency results in the base coverage urban environment (UMa channel model) for FDD and TDD, respectively. The tables show that already LTE Rel-8 with SIMO 1 x 4 fulfills the ITU requirements. Thus it can be concluded that LTE will fulfill the ITU requirements on uplink cell-average and cell-edge spectral efficiency for the base coverage urban environment. The tables also illustrate the further improved performance that can be achieved by using additional technology features.

Table 16.4.1.3-3: Uplink spectral efficiency (FDD) , UMa
	Scheme and antenna configuration
	ITU

Requirement

(Ave./Edge)
	Number of samples
	Cell average
	Cell edge

	Rel-8 SIMO 1 x 4(C)
	1.4 / 0.03
	12 
	1.5 
	0.062 

	CoMP 1 x 4 (A)
	1.4 / 0.03
	2 
	1.7 
	0.086 

	CoMP 2 x 4 (C)
	1.4 / 0.03
	1 
	2.1
	0.099 


Table 16.4.1.3-4: Uplink spectral efficiency (TDD) , UMa
	Scheme and antenna configuration
	ITU

Requirement

(Ave./Edge)
	Number of samples
	Cell average
	Cell edge

	Rel-8 SIMO 1x4 (C)


	1.4 / 0.03
	9 
	1.5 
	0.062 

	CoMP 1 x 4 (C)
	1.4 / 0.03
	1 
	1.9 
	0.090 

	CoMP 2 x 4 (C)
	1.4 / 0.03
	1 
	2.0 
	0.097 

	MU-MIMO 1x8 (E)
	1.4 / 0.03
	1 
	2.7 
	0.076 


16.4.1.4  High speed
Tables 16.4.1.4-1 and16.4.1.4-2 show the downlink spectral efficiency results in the high speed environment (RMa channel model) for FDD and TDD, respectively. The tables show that already LTE Rel-8 with SU-MIMO 4 x 2 fulfills the ITU requirements. Thus it can be concluded that LTE will fulfill the ITU requirements on downlink cell-average and cell-edge spectral efficiency for the high speed environment. The tables also illustrate the further improved performance that can be achieved by using additional technology features.

Table 16.4.1.4-1: Downlink spectral efficiency (FDD), RMa
	Scheme and antenna configuration
	ITU

Requirement
(Ave./Edge)
	Number of samples
	Cell average
	Cell edge

	
	
	
	L=1
	L=2
	L=3
	L=1
	L=2
	L=3

	Rel-8 SU-MIMO 4 x 2(C)
	1.1 / 0.04
	15 
	2.3 
	2.1 
	1.9 
	0.081 
	0.076 
	0.069 

	Rel-8 SU-MIMO 4 x 2(A)
	1.1 / 0.04
	14 
	2.1 
	2.0 
	1.8 
	0.067 
	0.063 
	0.057 

	MU-MIMO 4 x 2(C)
	1.1 / 0.04
	3 
	3.9 
	3.5 
	3.2 
	0.11 
	0.099 
	0.090 

	MU-MIMO 8 x 2(C)
	1.1 / 0.04
	1 
	4.1 
	3.7 
	3.4 
	0.13 
	0.12 
	0.11 


Table 16.4.1.4-2: Downlink spectral efficiency (TDD) , RMa
	Scheme and antenna configuration
	ITU

Requirement
(Ave./Edge)
	Number of samples
	Cell average
	Cell edge

	
	
	
	L=1
	L=2
	L=3
	L=1
	L=2
	L=3

	Rel-8 SU-MIMO 4 x 2(C)
	1.1 / 0.04
	8 
	2.0 
	1.9 
	1.8 
	0.072 
	0.067 
	0.063 

	Rel-8 SU-MIMO 4 x 2(A)
	1.1 / 0.04
	7 
	1.9 
	1.7 
	1.6 
	0.057 
	0.053 
	0.049 

	MU-MIMO 4 x 2(C)
	1.1 / 0.04
	4 
	3.4 
	3.2 
	3.0 
	0.095 
	0.089 
	0.083 

	MU-MIMO 8 x 2(C/E)
	1.1 / 0.04
	2 
	3.9 
	3.6 
	3.4 
	0.11 
	0.11 
	0.10 

	Rel-8 single-layer BF 8x2
	1.1 / 0.04
	4
	2.4
	2.3
	2.1 
	0.11　
	　0.10
	0.093 


Tables 16.4.1.4-3 and16.4.1.4-4 show the uplink spectral efficiency results in the high speed environment (RMa channel model) for FDD and TDD, respectively. The tables show that already LTE Rel-8 with SIMO 1 x 4 fulfills the ITU requirements. Thus it can be concluded that LTE will fulfill the ITU requirements on uplink cell-average and cell-edge spectral efficiency for the high speed environment. The tables also illustrate the further improved performance that can be achieved by using additional technology features.
Table 16.4.1.4-3: Uplink spectral efficiency (FDD), RMa
	Scheme and antenna configuration
	ITU

Requirement
(Ave./Edge)
	Number of samples
	Cell average
	Cell edge

	Rel-8 SIMO 1x4 (C)
	0.7 / 0.015
	11 
	1.8 
	0.082 

	Rel-8 MU-MIMO 1x4 (A)
	0.7 / 0.015
	2 
	2.2 
	0.097 

	CoMP 2 x 4(A)
	0.7 / 0.015
	2 
	2.3 
	0.126 


Table 16.4.1.4-4: Uplink spectral efficiency (TDD), RMa
	Scheme and antenna configuration
	ITU

Requirement
(Ave./Edge)
	Number of samples
	Cell average
	Cell edge

	Rel-8 SIMO 1 x 4 (C)
	0.7 / 0.015
	8 
	1.8 
	0.080 

	Rel-8 SIMO 1 x 4 (A)
	0.7 / 0.015
	2 
	2.1 
	0.093 

	CoMP 2 x 4(A)
	0.7 / 0.015
	1 
	2.5 
	0.153 

	MUMIMO 1 x 8 (E)
	0.7 / 0.015
	1 
	2.6 
	0.101 


-------------------
16.4.3
Number of supported VoIP users
The number of supported VoIP users (VoIP capacity) are evaluated through extensive simulations conducted by a number of companies. The simulation assumptions applied in the following evaluations are shown in Appendix A. Detailed information covering a range of possible configurations is provided in Appendix A.2 (embedded spreadsheet). In the tables below the results are conducted by LTE Rel-8.

Tables 16.4.3-1 and16.4.3-2 show the VoIP capacity results in the Indoor, Microcellular, Base coverage urban and High speed for FDD and TDD, respectively. The tables show that already LTE Rel-8 fulfills the ITU requirements. Thus it can be concluded that LTE will fulfill the ITU requirements on VoIP capacity for all the environments. Thus, the further improved performance that can be achieved by using additional technology features.

Table 16.4.3-1: VoIP capacity for FDD

	Antenna 
	Scenarios
	ITU requirement
	Number of samples
	Capacity (User/MHz/Cell)

	Antenna configuration A
	Indoor
	50
	3
	140

	
	Urban Micro 
	40
	3
	80

	
	Urban Macro
	40
	3
	68

	
	High Speed
	30
	3
	91

	Antenna configuration C
	Indoor
	50
	3
	131

	
	Urban Micro 
	40
	3
	75

	
	Urban Macro
	40
	3
	69

	
	High Speed
	30
	3
	94


Table 16.4.3-2: VoIP capacity for TDD
	Antenna 
	Scenarios
	ITU requirement
	Number of samples
	Capacity (User/MHz/Cell)

	Antenna configuration A
	Indoor
	50
	2
	137

	
	Urban Micro 
	40
	2
	74

	
	Urban Macro
	40
	2
	65

	
	High Speed
	30
	2
	86

	Antenna configuration C
	Indoor
	50
	3
	130

	
	Urban Micro 
	40
	3
	74

	
	Urban Macro
	40
	3
	67

	
	High Speed
	30
	3
	92


16.4.4 Mobility traffic channel link data rates
Mobility traffic channel link data rates are evaluated through extensive simulations conducted by a number of companies. The simulation assumptions applied in the following evaluations are shown in Appendix A. Detailed information covering a range of possible configurations is provided in Appendix A.2 (embedded spreadsheet). In the tables below the results are conducted by LTE Rel-8.

Tables 16.4.4-1 and16.4.4-2 show the mobility traffic channel link data rates in the Indoor, Microcellular, Base coverage urban and High speed for FDD and TDD, respectively. The tables show that already LTE Rel-8 fulfills the ITU requirements. Thus it can be concluded that LTE will fulfill the ITU requirements on mobility traffic channel link date rate for all the environments. Thus, the further improved performance that can be achieved by using additional technology features.

Table 16.4.4-1: Mobility traffic channel link data rates for FDD
	LOS/NLOS 
	Scenarios
	ITU

requirement
	Median SINR

(dB)
	Number of samples
	FDD UL Spectrum efficiency (bps/Hz)

	Antenna configuration 1*4, NLOS
	Indoor
	1.0
	13.63
	8
	2.58

	
	Urban Micro 
	0.75
	4.53
	8
	1.26

	
	Urban Macro
	0.55
	4.27
	8
	1.12

	
	High Speed
	0.25
	5.51
	8
	1.26

	Antenna configuration 1*4, LOS
	Indoor
	1.0
	13.63
	4
	3.15

	
	Urban Micro 
	0.75
	4.53
	4
	1.42

	
	Urban Macro
	0.55
	4.27
	4
	1.36

	
	High Speed
	0.25
	5.51
	4
	1.45


Table 16.4.4-1: Mobility traffic channel link data rates for TDD

	LOS/NLOS 
	Scenarios
	ITU

requirement
	Median SINR

(dB)
	Number of samples
	TDD UL Spectrum efficiency (bps/Hz)

	Antenna configuration 1*4, NLOS
	Indoor
	1.0
	13.63
	4
	2.63

	
	Urban Micro 
	0.75
	4.53
	4
	1.14

	
	Urban Macro
	0.55
	4.27
	4
	0.95

	
	High Speed
	0.25
	5.51
	4
	1.03

	Antenna configuration 1*4, LOS
	Indoor
	1.0
	13.63
	2
	3.11

	
	Urban Micro 
	0.75
	4.53
	2
	1.48

	
	Urban Macro
	0.55
	4.27
	2
	1.36

	
	High Speed
	0.25
	5.51
	2
	1.38


-------------------

A.2
Detailed simulation results

Detailed simulation results for section 16.4 are contained in the following spread sheets. Simulations are conducted by the following companies by alphabetical order:

Editor’s note: Here the list of company names will be added after finally fixed.
· Simulation results of cell spectral efficiency and cell edge spectral efficiency for full-buffer traffic

Editor’s note: Here the excel sheet is directory attached.

· Simulation results of VoIP

Editor’s note: Here the excel sheet is directory attached.

· Simulation results of mobility

Editor’s note: Here the excel sheet is directory attached.
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