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1. Introduction
This document is a text proposal for TR36.814 for performance evaluation results on 3GPP targets fulfilment. The text proposal below was made following the similar structure of Section 13 that is for the ITU-R evaluation results as written in R1-100823.
2. Text Proposal

============= Start of text proposal ================== 
12. Evaluation of techniques for Advanced E-UTRA
Section 12.1 presents the evaluation results of the techniques for advanced E-UTRA against the 3GPP targets [3]. The evaluation results in Section 12.2 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.
12.1
Cell spectral efficiency and cell-edge spectral efficiency against 3GPP target
Cell spectral efficiency and cell-edge spectral efficiency are evaluated through extensive simulations conducted by a number of companies. The tables in the following subsections show the simulation results focusing on LTE-Advanced configurations, i.e., downlink and uplink MU-MIMO, downlink and uplink CoMP, and uplink SU-MIMO.

Tables 12.1-1, 2, 3, and 4 show the source specific simulation parameters that characterize the performances of downlink FDD, downlink TDD, uplink FDD, and uplink TDD, respectively. Note, however, that the performance differences among sources could also be explained by other factors such as detailed signal processing algorithms at the transmitter and the receiver.

In the tables for downlink, control channel (CCH) duration (L OFDM symbols) and the number of the MBSFN subframes are the factors that affect the overhead. In the MBSFN subframes, there are no CRS in data regions, which effectively reduce the overhead. Channel estimation and receiver types are the factors that affect the demodulation performance. CSI-assumption at eNB is the factor that characterizes the transmit signal processing at eNB for MU-MIMO and CoMP schemes. In the tables for uplink, the PUCCH bandwidth is the factor that affects the overhead. 

	Table 12.1-1 Simulation parameters for 3GPP targets fulfillment (DL, FDD)
　
	CCH duration
(L symbols)
	Num of MBSFN subframe
	Channel 
estimation
	Receiver 
type
	CSI assumption
 at eNB

	Source 1
	3
	6
	Real
	MMSE
	Short-term 
for CS/CB-CoMP
Long-term + Short-term 
for JP-CoMP

	Source 3
	3
	6
	Real
	MMSE with IRC
	Long-term

	Source 4
	3
	6
	Real
	MMSE with IRC
	Short-term

	Source 5
	3
	6
	Real
	MMSE
	Long-term + Short-term

	Source 7
	3
	6
	Ideal
	MMSE
	Long-term + Short-term

	Source 11
	3
	6
	Real
	MMSE with IRC
	Short-term

	Source 15
	3
	6
	Real
	MMSE with IRC
	Short-term

	Source 18
	3
	6
	Real
	MMSE with IRC
	Long-term


	Table 12.1-2 Simulation parameters for 3GPP targets fulfillment (DL, TDD)
　
	CCH duration
(L symbols)
	Num of MBSFN subframe
	Channel 
estimation
	Receiver 
type
	CSI assumption
 at eNB

	Source 1
	3
	2
	Real
	MMSE
	Short-term

	Source 2
	3
	0
	Real
	MMSE with IRC
	Short-term

	Source 3
	3
	2
	Real
	MMSE with IRC
	Long-term

	Source 4
	3
	2
	Real
	MMSE with IRC
	Short-term

	Source 5
	3
	0
	Real
	MMSE
	Short-term

	Source 10
	3
	2
	Real
	MMSE with IRC
	Short-term

	Source 19
	3
	2
	Real
	MMSE with IRC
	Short-term


Table 12.1-3 Simulation parameters for 3GPP targets fulfillment (UL, FDD)
	　
	PUCCH bandwidth (RB/10 MHz)
	Channel estimation
	Receiver type

	Source 1
	6
	Real
	MMSE

	Source 3
	4
	Real
	MMSE with IRC

	Source 4
	4
	Real
	MMSE with IRC

	Source 5
	4
	Real
	MMSE

	Source 15
	4
	Real
	MMSE with IRC

	Source 18
	6
	Real
	MMSE with IRC


	Table 12.1-4 Simulation parameters for 3GPP targets fulfillment (UL, TDD)
　
	PUCCH bandwidth (RB/10 MHz)
	Channel estimation
	Receiver type

	Source 1
	4
	Real
	MMSE

	Source 2
	4
	Real
	MMSE with IRC

	Source 3
	4
	Real
	MMSE with IRC

	Source 4
	4
	Real
	MMSE with IRC

	Source 5
	4
	Real
	MMSE with IRC

	Source 10
	4
	Real
	MMSE with IRC


Tables in the following subsections capture the spectrum efficiency results from individual sources. As performance references, the 3GPP targets and the averaged results of Rel-8 schemes (2-by-2/4-by-2/4-by-4 SU-MIMO with L=3 for downlink, and 1-by-2/1-by-4 SIMO, and 1-by-4 MU-MIMO for uplink) assuming real channel estimation. 

12.1.1
3GPP Case1 (3GPP spatial channel model)

12.1.1.1
FDD, Downlink

Tables 12.1.1.1-1, 12.1.1.1-2, and 12.1.1.1-3 show the spectrum efficiency results of 2-by-2, 4-by-2, and 4-by-4 MU-MIMO schemes with eNB antenna configuration (C). Results show that the MU-MIMO schemes satisfy the 3GPP target and provide significant gain compared with the Rel-8 SU-MIMO scheme.

Table 12.1.1.1-1 Performance of DL MU-MIMO 2 x 2 (C) (3GPP Case1, FDD)

	
	Cell spectral efficiency (bit/sec/Hz/cell)
	Cell-edge user spectral efficiency (bit/sec/Hz/user)

	Source 1
	2.77 
	0.110 

	Source 5
	2.74 
	0.091 

	Source 15
	2.56 
	0.070 

	Rel-8 SU-MIMO
(2 x 2, L=3)
	2.23 
	0.079 

	3GPP target
	2.40 
	0.070 


Table 12.1.1.1-2 Performance of DL MU-MIMO 4 x 2 (C) (3GPP Case1, FDD)

	
	Cell spectral efficiency (bit/sec/Hz/cell)
	Cell-edge user spectral efficiency (bit/sec/Hz/user)

	Source 1
	3.55 
	0.120 

	Source 4
	3.23 
	0.118 

	Source 5
	3.41 
	0.127 

	Source 7
	3.83 
	0.123 

	Source 11
	3.15 
	0.104 

	Source 15
	3.42 
	0.114 

	Rel-8 SU-MIMO
(4 x 2, L=3)
	2.53 
	0.100 

	3GPP target
	2.60 
	0.090 


Table 12.1.1.1-3 Performance of DL MU-MIMO 4 x 4 (C) (3GPP Case1, FDD)

	
	Cell spectral efficiency (bit/sec/Hz/cell)
	Cell-edge user spectral efficiency (bit/sec/Hz/user)

	Source 1
	5.45 
	0.210 

	Source 4
	4.49 
	0.205 

	Source 5
	4.42 
	0.223 

	Source 11
	4.63 
	0.196 

	Source 15
	4.45 
	0.182 

	Rel-8 SU-MIMO
(4 x 4, L=3)
	3.41 
	0.143 

	3GPP target
	3.70 
	0.120 


Tables 12.1.1.1-4, 12.1.1.1-5, and 12.1.1.1-6 show the spectrum efficiency results of 2-by-2, 4-by-2, and 4-by-4 CS/CB-CoMP schemes with eNB antenna configuration (C). Results show that the CS/CB schemes satisfy the 3GPP target and achieve significant gain compared with the Rel-8 SU-MIMO scheme.

Table 12.1.1.1-4 Performance of DL CS/CB-CoMP 2 x 2 (C) (3GPP Case1, FDD)
	
	Cell spectral efficiency (bit/sec/Hz/cell)
	Cell-edge user spectral efficiency (bit/sec/Hz/user)

	Source 3
	2.54 
	0.088 

	Source 15
	2.58 
	0.070 

	Rel-8 SU-MIMO
(2 x 2, L=3)
	2.23 
	0.079 

	3GPP target
	2.40 
	0.070 


Table 12.1.1.1-5 Performance of DL CS/CB-CoMP 4 x 2 (C) (3GPP Case1, FDD)

	
	Cell spectral efficiency (bit/sec/Hz/cell)
	Cell-edge user spectral efficiency (bit/sec/Hz/user)

	Source 1
	3.28 
	0.150 

	Source 3
	3.34 
	0.144 

	Source 15
	3.51 
	0.121 

	Source 18
	3.24 
	0.100 

	Rel-8 SU-MIMO
(4 x 2, L=3)
	2.53 
	0.100 

	3GPP target
	2.60
	0.090


Table 12.1.1.1-6 Performance of DL CS/CB-CoMP 4 x 4 (C) (3GPP Case1, FDD)

	
	Cell spectral efficiency (bit/sec/Hz/cell)
	Cell-edge user spectral efficiency (bit/sec/Hz/user)

	Source 3
	4.97 
	0.239 

	Source 15
	4.58 
	0.195 

	Source 18
	4.44 
	0.180 

	Rel-8 SU-MIMO
(4 x 4, L=3)
	3.41 
	0.143 

	3GPP target
	3.70
	0.120


Tables 12.1.1.1-7, 12.1.1.1-8, and 12.1.1.1-9 show the spectrum efficiency results of 2-by-2, 4-by-2, and 4-by-4 JP-CoMP schemes with eNB antenna configuration (C). Results show that the JP-CoMP schemes provide additional performance enhancement over MU-MIMO in Table 12.1.1-1-1, 12.1.1-1-2, and Table 12.1.1-1-3 (compared with the same source).

Table 12.1.1.1-7 Performance of DL JP-CoMP 2 x 2 (C) (3GPP Case1, FDD)
	
	Cell spectral efficiency (bit/sec/Hz/cell)
	Cell-edge user spectral efficiency (bit/sec/Hz/user)

	Source 1
	2.92
	0.120

	Source 15
	2.47
	0.088

	Rel-8 SU-MIMO
(2 x 2, L=3)
	2.23
	0.079

	3GPP target
	2.60 
	0.090 


Table 12.1.1.1-8 Performance of DL JP-CoMP 4 x 2 (C) (3GPP Case1, FDD)
	
	Cell spectral efficiency (bit/sec/Hz/cell)
	Cell-edge user spectral efficiency (bit/sec/Hz/user)

	Source 1
	4.40
	0.180

	Source 15
	3.34
	0.143

	Rel-8 SU-MIMO
(4 x 2, L=3)
	2.53
	0.100

	3GPP target
	2.60
	0.090


Table 12.1.1.1-9 Performance of DL JP-CoMP 4 x 4 (C) (3GPP Case1, FDD)

	
	Cell spectral efficiency (bit/sec/Hz/cell)
	Cell-edge user spectral efficiency (bit/sec/Hz/user)

	Source 1
	5.89
	0.31

	Source 15
	4.48
	0.227

	Rel-8 SU-MIMO
(4 x 4, L=3)
	3.41
	0.143

	3GPP target
	3.70
	0.120


12.1.1.2
TDD, Downlink

Tables 12.1.1.1-10, 12.1.1.1-11, and 12.1.1.1-12 show the spectrum efficiency results of 2-by-2, 4-by-2, and 4-by-4 MU-MIMO schemes with eNB antenna configuration (C). Table 12.1.1.1-13 shows the spectrum efficiency results of 4-by-2 MU-MIMO schemes with eNB antenna configuration (E). Results show that the MU-MIMO schemes satisfy the 3GPP target and provide significant gain compared with the Rel-8 SU-MIMO scheme.

Table 12.1.1.1-10 Performance of DL MU-MIMO 2 x 2 (C) (3GPP Case1, TDD)

	
	Cell spectral efficiency (bit/sec/Hz/cell)
	Cell-edge user spectral efficiency (bit/sec/Hz/user)

	Source 1
	2.96
	0.120

	Source 5
	2.80
	0.106

	Rel-8 SU-MIMO
(2 x 2, L=3)
	2.17
	0.083

	3GPP target
	2.40
	0.070


Table 12.1.1.1-11 Performance of DL MU-MIMO 4 x 2 (C) (3GPP Case1, TDD)

	
	Cell spectral efficiency (bit/sec/Hz/cell)
	Cell-edge user spectral efficiency (bit/sec/Hz/user)

	Source 1
	4.23
	0.160

	Source 2
	3.45
	0.131

	Source 4
	4.16
	0.173

	Source 5
	3.68
	0.150

	Source 10
	3.52
	0.172

	Source 19
	3.5
	0.121

	Rel-8 SU-MIMO
(4 x 2, L=3)
	2.52
	0.096

	3GPP target
	2.60
	0.090


Table 12.1.1.1-12 Performance of DL MU-MIMO 4 x 4 (C) (3GPP Case1, TDD)

	
	Cell spectral efficiency (bit/sec/Hz/cell)
	Cell-edge user spectral efficiency (bit/sec/Hz/user)

	Source 1
	6.16
	0.250

	Source 2
	4.67
	0.194

	Source 5
	4.07
	0.182

	Source 19
	4.70
	0.160

	Rel-8 SU-MIMO
(4 x 4, L=3)
	3.28
	0.154

	3GPP target
	3.70
	0.120


Table 12.1.1.1-13 Performance of DL MU-MIMO 4 x 2 (E) (3GPP Case1, TDD)

	
	Cell spectral efficiency (bit/sec/Hz/cell)
	Cell-edge user spectral efficiency (bit/sec/Hz/user)

	Source 10
	3.35 
	0.150 

	Rel-8 SU-MIMO

(4 x 2, L=3)
	2.42
	0.073

	3GPP target
	2.60
	0.090


Tables 12.1.1.1-14, 12.1.1.1-15, and 12.1.1.1-16 show the spectrum efficiency results of 2-by-2, 4-by-2, and 4-by-4 CS/CB-CoMP schemes with eNB antenna configuration (C). Results show that the CS/CB schemes satisfy the 3GPP target and achieve significant gain compared with the Rel-8 SU-MIMO scheme.

Table 12.1.1.1-14 Performance of DL CS/CB-CoMP 2 x 2 (C) (3GPP Case1, TDD)
	
	Cell spectral efficiency (bit/sec/Hz/cell)
	Cell-edge user spectral efficiency (bit/sec/Hz/user)

	Source 3
	2.54 
	0.088 

	Rel-8 SU-MIMO
(2 x 2, L=3)
	2.17
	0.083

	3GPP target
	2.40 
	0.070 


Table 12.1.1.1-15 Performance of DL CS/CB-CoMP 4 x 2 (C) (3GPP Case1, TDD)

	
	Cell spectral efficiency (bit/sec/Hz/cell)
	Cell-edge user spectral efficiency (bit/sec/Hz/user)

	Source 3
	3.38 
	0.146 

	Rel-8 SU-MIMO

(4 x 2, L=3)
	2.52
	0.096

	3GPP target
	2.60
	0.090


Table 12.1.1.1-16 Performance of DL CS/CB-CoMP 4 x 4 (C) (3GPP Case1, TDD)

	
	Cell spectral efficiency (bit/sec/Hz/cell)
	Cell-edge user spectral efficiency (bit/sec/Hz/user)

	Source 3
	5.06 
	0.244 

	Rel-8 SU-MIMO

(4 x 4, L=3)
	3.28
	0.154

	3GPP target
	3.70
	0.120


Tables 12.1.1.1-17, 12.1.1.1-18, and 12.1.1.1-19 show the spectrum efficiency results of 2-by-2, 4-by-2, and 4-by-4 JP-CoMP schemes with eNB antenna configuration (C). Table 12.1.1.1-20 shows the spectrum efficiency results of 4-by-2 JP-CoMP schemes with eNB antenna configuration (E). Results show that the JP-CoMP schemes provide additional performance enhancement over MU-MIMO in Table 12.1.1-1-10, 12.1.1-1-11, 12.1.1-1-12, and 12.1.1-1-13 (compared with the same source).

Table 12.1.1.1-17 Performance of DL JP-CoMP 2 x 2 (C) (3GPP Case1, TDD)
	
	Cell spectral efficiency (bit/sec/Hz/cell)
	Cell-edge user spectral efficiency (bit/sec/Hz/user)

	Source 1
	3.15 
	0.130 

	Rel-8 SU-MIMO
(2 x 2, L=3)
	2.17
	0.083

	3GPP target
	2.40 
	0.070 


Table 12.1.1.1-18 Performance of DL JP-CoMP 4 x 2 (C) (3GPP Case1, TDD)
	
	Cell spectral efficiency (bit/sec/Hz/cell)
	Cell-edge user spectral efficiency (bit/sec/Hz/user)

	Source 1
	4.89
	0.210

	Source 10
	4.38
	0.188

	Rel-8 SU-MIMO
(4 x 2, L=3)
	2.52
	0.096

	3GPP target
	2.60 
	0.090 


Table 12.1.1.1-19 Performance of DL JP-CoMP 4 x 4 (C) (3GPP Case1, TDD)

	
	Cell spectral efficiency (bit/sec/Hz/cell)
	Cell-edge user spectral efficiency (bit/sec/Hz/user)

	Source 1
	6.61 
	0.330 

	Rel-8 SU-MIMO

(4 x 4, L=3)
	3.28
	0.154

	3GPP target
	3.70
	0.120


Table 12.1.1.1-20 Performance of DL JP-CoMP 4 x 2 (E) (3GPP Case1, TDD)
	
	Cell spectral efficiency (bit/sec/Hz/cell)
	Cell-edge user spectral efficiency (bit/sec/Hz/user)

	Source 10
	4.05
	0.175

	Rel-8 SU-MIMO
(4 x 2, L=3)
	2.42
	0.073

	3GPP target
	2.60 
	0.090 


12.1.1.3
FDD, Uplink

Tables 12.1.1.1-21 and 12.1.1.1-22 show the spectrum efficiency results of 2-by-4 SU-MIMO with eNB antenna configuration (A) and (C), respectively. Results show that the 2-by-4 SU-MIMO schemes satisfy the 3GPP target and provide significant gain compared with the Rel-8 SIMO scheme.

Table 12.1.1.1-21 Performance of UL SU-MIMO 2 x 4 (A) (3GPP Case1, FDD)

	
	Cell spectral efficiency (bit/sec/Hz/cell)
	Cell-edge user spectral efficiency (bit/sec/Hz/user)

	Source 3
	2.46
	0.112

	Source 15
	2.26
	0.093

	Source 18
	2.36
	0.086

	Rel-8 SIMO
(1 x 4)
	1.95
	0.075

	3GPP target
	2.00
	0.070


Table 12.1.1.1-22 Performance of UL SU-MIMO 2 x 4 (C) (3GPP Case1, FDD)

	
	Cell spectral efficiency (bit/sec/Hz/cell)
	Cell-edge user spectral efficiency (bit/sec/Hz/user)

	Source 1
	2.33
	0.070

	Source 3
	2.37
	0.118

	Source 4
	2.43
	0.096

	Source 5
	2.34
	0.080

	Source 15
	2.01
	0.096

	Source 18
	2.12
	0.087

	Rel-8 SIMO
(1 x 4)
	2.00
	0.075

	3GPP target
	2.00
	0.070


Tables 12.1.1.1-23 and 12.1.1.1-24 show the spectrum efficiency results of 1-by-2 CoMP with eNB antenna configuration (A) and (C), respectively. Results show that the Rel-8 SIMO scheme satisfies the 3GPP target. Tables 12.1.1.1-25 and 12.1.1.1-26 show spectrum efficiency results of 2-by-4 CoMP with eNB antenna configuration (A) and (C), respectively. Results show that multi point reception provides additional performance enhancement compared with the Rel-8 SIMO scheme.

Table 12.1.1.1-23 Performance of UL CoMP 1 x 2 (A) (3GPP Case1, FDD)

	
	Cell spectral efficiency (bit/sec/Hz/cell)
	Cell-edge user spectral efficiency (bit/sec/Hz/user)

	Source 18
	1.44
	0.052

	Rel-8 SIMO
(1 x 2)
	1.42
	0.050

	3GPP target
	1.20
	0.040


Table 12.1.1.1-24 Performance of UL CoMP 1 x 2 (C) (3GPP Case1, FDD)

	
	Cell spectral efficiency (bit/sec/Hz/cell)
	Cell-edge user spectral efficiency (bit/sec/Hz/user)

	Source 18
	1.40
	0.051

	Rel-8 SIMO
(1 x 2)
	1.33
	0.047

	3GPP target
	1.20
	0.040


Table 12.1.1.1-25 Performance of UL CoMP 2 x 4 (A) (3GPP Case1, FDD)

	
	Cell spectral efficiency (bit/sec/Hz/cell)
	Cell-edge user spectral efficiency (bit/sec/Hz/user)

	Source 18
	2.43
	0.092

	Rel-8 SIMO
(1 x 4)
	1.95
	0.075

	3GPP target
	2.00
	0.070


Table 12.1.1.1-26 Performance of UL CoMP 2 x 4 (C) (3GPP Case1, FDD)

	
	Cell spectral efficiency (bit/sec/Hz/cell)
	Cell-edge user spectral efficiency (bit/sec/Hz/user)

	Source 18
	2.18
	0.092

	Rel-8 SIMO
(1 x 4)
	2.00
	0.075

	3GPP target
	2.00
	0.070


12.1.1.4

TDD, Uplink

Tables 12.1.1.1-27 and 12.1.1.1-28 show the spectrum efficiency results of 2-by-4 SU-MIMO with eNB antenna configuration (A) and (C), respectively. Results show that the 2-by-4 SU-MIMO schemes satisfy the 3GPP target and provide gain compared with the Rel-8 SIMO and Rel-8 MU-MIMO schemes.

Table 12.1.1.1-27 Performance of UL SU-MIMO 2 x 4 (A) (3GPP Case1, TDD)

	
	Cell spectral efficiency (bit/sec/Hz/cell)
	Cell-edge user spectral efficiency (bit/sec/Hz/user)

	Source 3
	2.23
	0.101

	Source 5
	2.33
	0.080

	Rel-8 MU-MIMO
(1 x 4)
	2.09
	0.070

	3GPP target
	2.00
	0.070


Table 12.1.1.1-28 Performance of UL SU-MIMO 2 x 4 (C) (3GPP Case1, TDD)

	
	Cell spectral efficiency (bit/sec/Hz/cell)
	Cell-edge user spectral efficiency (bit/sec/Hz/user)

	Source 1
	2.16
	0.080

	Source 3
	2.15
	0.107

	Source 4
	2.13
	0.082

	Rel-8 SIMO
(1 x 4)
	1.83
	0.064

	3GPP target
	2.00
	0.070


Table 12.1.1.1-29 shows the spectrum efficiency results of 1-by-2 CoMP with eNB antenna configuration (C). Results show that the Rel-8 SIMO scheme satisfies the 3GPP target and multi point reception provides performance enhancement compared with the Rel-8 SIMO scheme.

Table 12.1.1.1-29 Performance of UL CoMP 1 x 2 (C) (3GPP Case1, TDD)

	
	Cell spectral efficiency (bit/sec/Hz/cell)
	Cell-edge user spectral efficiency (bit/sec/Hz/user)

	Source 10
	1.51
	0.051

	Rel-8 SIMO
(1 x 2)
	1.24
	0.045

	3GPP target
	1.20
	0.040


Table 12.1.1.1-30 shows the spectrum efficiency results of 2-by-4 MU-MIMO with eNB antenna configuration (C). Result shows that MU-MIMO provides performance enhancement compared with the Rel-8 SIMO scheme.

Table 12.1.1.1-30 Performance of UL MU-MIMO 2 x 4 (C) (3GPP Case1, TDD)

	
	Cell spectral efficiency (bit/sec/Hz/cell)
	Cell-edge user spectral efficiency (bit/sec/Hz/user)

	Source 2
	2.59
	0.079

	Rel-8 SIMO
(1 x 4)
	1.83
	0.064

	3GPP target
	2.00
	0.070


12.2
Cell spectral efficiency and cell-edge spectral efficiency for ITU-R requirements
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 Annex A.3. Detailed information covering a range of possible configurations is provided in Annex A.4 and [5]. The tables in the following subsections show the simulation results focusing on LTE-Advanced configurations, i.e., downlink and uplink MU-MIMO, downlink and uplink CoMP, and uplink SU-MIMO.

Tables 12.2-1, 2, 3, and 4 show the source specific simulation parameters that characterize the performances of downlink FDD, downlink TDD, uplink FDD, and uplink TDD, respectively. Note, however, that the performance differences among sources could also be explained by other factors such as detailed signal processing algorithms at the transmitter and the receiver. 
More detailed assumption on each component is shown in [5].
Table 12.2-1 Simulation parameters (DL, FDD)
	
	CCH duration
(L symbols)
	Num of MBSFN subframe
	Channel 
estimation
	Receiver 
type
	CSI assumption
 at eNB

	Source 1
	3
	0
	Real
	MMSE
	Short-term

	Source 2
	2
	0
	Real
(Ideal for JP-CoMP)
	MMSE
	Short-term

	Source 3
	3
	6
	Real
	MMSE with IRC
	Long-term

	Source 4
	3
	0
	Real
	MMSE
	Short-term

	Source 5
	3
	6
	Real
	MMSE
	Short-term

	Source 7
	3
	0
	Ideal
	MMSE
	No

	Source 8
	3 (Normal subframe)
2 (MBSFN subframe)
	6
	Real
	MMSE
	Short-term

	Source 9
	3
	0
	Real
	MMSE with IRC
	Short-term

	Source 10
	2
	0
	Real
	MMSE with IRC
	Short-term

	Source 11
	3 (Normal subframe)
2 (MBSFN subframe)
	6
	Real
	MMSE with IRC
	Short-term and Long-term

	Source 12
	3
	6
	Real
	MMSE with IRC
	Short-term

	Source 13
	3
	0
	Real
	MMSE with IRC
	Long-term

	Source 15
	3
	6
	Real
	MMSE with IRC
	Long-term

	Source 16
	2
	0
	Ideal
	MMSE
	No

	Source 18
	2
	6
	Real
	MMSE with IRC
	Long-term


Table 12.2-2 Simulation parameters (DL, TDD)
	
	CCH duration
(L symbols)
	Num of MBSFN subframe
	Channel 
estimation
	Receiver 
type
	CSI assumption
 at eNB

	Source 1
	2
	0
	Real
	MMSE
	Short-term

	Source 2
	2
	0
	Real
(Ideal for JP-CoMP)
	MMSE
	Short-term

	Source 3
	3
	2
	Real
	MMSE with IRC
	Long-term

	Source 4
	2
	0
	Real
	MMSE
	Short-term

	Source 7
	3
	0
	Real
	MMSE
	No

	Source 8
	3 (Normal subframe)
2 (MBSFN subframe)
	2
	Real
	MMSE
	Short-term

	Source 9
	2
	0
	Real
	MMSE with IRC
	Short-term

	Source 10
	2
	0
	Real
	MMSE with IRC
	Short-term

	Source 12
	3
	2
	Real
	MMSE with IRC
	Short-term

	Source 13
	3
	0
	Real
	MMSE with IRC
	Long-term


Table 12.2-3 Simulation parameters (UL, FDD)
	
	PUCCH bandwidth (RB/10 MHz)
	Channel estimation
	Receiver type

	Source 1
	6
	Real
	MMSE

	Source 2
	4
	Real
	MMSE

	Source 3
	4
	Real
	MMSE with IRC

	Source 4
	4
	Real
	MMSE

	Source 5
	4
	Real
	MMSE

	Source 7
	4
	Ideal
	MMSE

	Source 8
	4 
	Real
	MMSE

	Source 9
	4
	Real
	MMSE with IRC

	Source 10
	4
	Real
	MMSE with IRC

	Source 11
	4 
	Real
	MMSE with IRC

	Source 12
	6
	Real
	MMSE with IRC

	Source 14
	3  (InH)
4  (Others)
	Real
	MMSE with IRC and MMSE with SIC for rank 2

	Source 18
	4
	Real
	MMSE with IRC


Table 12.2-4 Simulation parameters (UL, TDD)
	
	PUCCH bandwidth (RB/10 MHz)
	Channel estimation
	Receiver type

	Source 1
	4
	Real
	MMSE

	Source 2
	4
	Real
	MMSE

	Source 3
	4
	Real
	MMSE with IRC

	Source 4
	4
	Real
	MMSE

	Source 8
	4
	Real
	MMSE

	Source 9
	4
	Real
	MMSE with IRC

	Source 10
	4
	Real
	MMSE with IRC

	Source 12
	3
	Real
	MMSE with IRC


Tables in the following subsections capture the spectrum efficiency results from individual sources. As performance references, the ITU-R requirements and the averaged results of Rel-8 schemes (4-by-2 SU-MIMO with L=3 for downlink, and 1-by-4 SIMO for uplink) assuming real channel estimation. 
12.2.1
Indoor (InH channel model)

12.2.1.1
FDD, Downlink (InH) 

Tables 12.2.1.1-1 and 12.2.1.1-2 show the spectrum efficiency results of 4-by-2 MU-MIMO schemes with eNB antenna configuration (C) and (A), respectively. Results show that the MU-MIMO schemes satisfy the ITU-R requirements and provide significant gain compared with the 4-by-2 SU-MIMO scheme in Rel-8.

Table 12.2.1.1-1 Performance of DL MU-MIMO 4 x 2 (C) (InH, FDD)
	
	Cell spectral efficiency (bit/sec/Hz/cell)
	Cell-edge user spectral efficiency (bit/sec/Hz/user)

	Source 2
	5.68
	0.224

	Source 8
	5.39
	0.210

	Source 15
	5.66
	0.232

	Rel-8 SU-MIMO

(4 x 2, L=3)
	4.00
	0.200

	ITU-R requirement
	3.00
	0.100


Table 12.2.1.1-2 Performance of DL MU-MIMO 4 x 2 (A) (InH, FDD)
	
	Cell spectral efficiency (bit/sec/Hz/cell)
	Cell-edge user spectral efficiency (bit/sec/Hz/user)

	Source 8
	5.39
	0.211

	Rel-8 SU-MIMO

(4 x 2, L=3)
	4.14
	0.198

	ITU-R requirement
	3.00
	0.100


Table 12.2.1.1-3 shows the spectrum efficiency results of 8-by-2 MU-MIMO scheme with the eNB antenna configuration (C/E). Results show that increasing the number of eNB antennas contributes to additional performance enhancement in cell spectral efficiency.
Table 12.2.1.1-3 Performance of DL MU-MIMO 8 x 2 (C/E) (InH, FDD)
	
	Cell spectral efficiency (bit/sec/Hz/cell)
	Cell-edge user spectral efficiency (bit/sec/Hz/user)

	Source 8
	5.60
	0.203

	Rel-8 SU-MIMO
(4 x 2, L=3)
	4.00
	0.200

	ITU-R requirement
	3.00
	0.100


12.2.1.2

TDD, Downlink (InH) 

Table 12.2.1.2-1 shows the spectrum efficiency results of 4-by-2 MU-MIMO schemes with eNB antenna configuration (C). Results show that the MU-MIMO schemes satisfy the ITU-R requirements and provide significant gain compared with the 4-by-2 SU-MIMO scheme in Rel-8.

Table 12.2.1.2-1 Performance of DL MU-MIMO 4 x 2 (C) (InH, TDD)

	
	Cell spectral efficiency (bit/sec/Hz/cell)
	Cell-edge user spectral efficiency (bit/sec/Hz/user)

	Source 2
	5.63
	0.221

	Source 8
	5.03
	0.186

	Source 9
	5.80
	0.220

	Source 10
	5.91
	0.180

	Rel-8 SU-MIMO
(4 x 2, L=3)
	3.90
	0.211

	ITU-R requirement
	3.00
	0.100


Table 12.2.1.2-2 shows the spectrum efficiency results of 8-by-2 MU-MIMO scheme with the eNB antenna configuration (C/E). Results show that increasing the number of eNB antennas enhances cell spectral efficiency.
Table 12.2.1.2-2 Performance of DL MU-MIMO 8 x 2 (C/E) (InH, TDD)
	
	Cell spectral efficiency (bit/sec/Hz/cell)
	Cell-edge user spectral efficiency (bit/sec/Hz/user)

	Source 8
	5.18
	0.198

	Rel-8 SU-MIMO
(4 x 2, L=3)
	3.90
	0.211

	ITU-R requirement
	3.00
	0.100


12.2.1.3

FDD, Uplink (InH) 

Table 12.2.1.3-1 shows the spectrum efficiency results of 2-by-4 SU-MIMO schemes with eNB antenna configuration (A). Results show that the SU-MIMO schemes satisfy the ITU-R requirements and provide significant gain compared with the 1-by-4 SU-MIMO scheme in Rel-8. Use of advanced receiver such as IRC and SIC provides additional gains.
Table 12.2.1.3-1 Performance of UL SU-MIMO 2 x 4 (A) (InH, FDD)

	
	Cell spectral efficiency (bit/sec/Hz/cell)
	Cell-edge user spectral efficiency (bit/sec/Hz/user)

	Source 1
	4.01
	0.276

	Source 3
	4.31
	0.274

	Source 5
	3.91
	0.265

	Source 12
	4.39
	0.139

	Source 14
	5.84
	0.400

	Source 18
	4.65
	0.273

	Rel-8 SIMO
(1 x 4)
	3.25
	0.226

	ITU-R requirement
	2.25
	0.070


Table 12.2.1.3-2 shows the spectrum efficiency results of 1-by-4 CoMP schemes with eNB antenna configuration (A). Results show that multi point reception provides performance enhancement compared with the Rel-8 1-by-4 SIMO scheme.

Table 12.2.1.3-2 Performance of UL CoMP 1 x 4 (A) (InH, FDD)
	
	Cell spectral efficiency (bit/sec/Hz/cell)
	Cell-edge user spectral efficiency (bit/sec/Hz/user)

	Source 1
	3.42
	0.271

	Source 18
	3.32
	0.239

	Rel-8 SIMO
(1 x 4)
	3.25
	0.226

	ITU-R requirement
	2.25
	0.070


Table 12.2.1.3-3 shows the spectrum efficiency results of 2-by-4 CoMP schemes with eNB antenna configuration (A). Results show that additional transmit antenna provides further performance enhancement.
Table 12.2.1.3-3 Performance of UL CoMP 2 x 4 (A) (InH, FDD)
	
	Cell spectral efficiency (bit/sec/Hz/cell)
	Cell-edge user spectral efficiency (bit/sec/Hz/user)

	Source 1
	4.12
	0.278

	Source 18
	4.74
	0.274

	Rel-8 SIMO
(1 x 4)
	3.25
	0.226

	ITU-R requirement
	2.25
	0.070


12.2.1.4
TDD, Uplink (InH) 

Table 12.2.1.4-1 shows the spectrum efficiency results of 2-by-4 SU-MIMO schemes with eNB antenna configuration (A). Results show that the 2-by-4 SU-MIMO schemes satisfy the ITU-R requirements. Performance improvement from the Rel-8 1-by-4 SIMO scheme is also demonstrated. Use of advanced receiver such as IRC and SIC provides additional gains.

Table 12.2.1.4-1 Performance of UL SU-MIMO 2 x 4 (A) (InH, TDD)
	
	Cell spectral efficiency (bit/sec/Hz/cell)
	Cell-edge user spectral efficiency (bit/sec/Hz/user)

	Source 1
	3.78
	0.243

	Source 3
	3.98
	0.260

	Source 12
	4.43
	0.124

	Rel-8 SIMO
(1 x 4)
	3.04
	0.206

	ITU-R requirement
	2.25
	0.070


Table 12.2.1.4-2 shows the spectrum efficiency results of 1-by-4 CoMP schemes with eNB antenna configuration (A). Results show that multi point reception provides performance enhancement compared with the Rel-8 1-by-4 SIMO scheme.

Table 12.2.1.4-2 Performance of UL CoMP 1 x 4 (A) (InH, TDD)
	
	Cell spectral efficiency (bit/sec/Hz/cell)
	Cell-edge user spectral efficiency (bit/sec/Hz/user)

	Source 1
	3.41
	0.250

	Rel-8 SIMO
(1 x 4)
	3.04
	0.206

	ITU-R requirement
	2.25
	0.070


Table 12.2.1.4-3 shows the spectrum efficiency results of 2-by-4 CoMP schemes with eNB antenna configuration (A). Results show that additional transmit antenna provides further performance enhancement in cell spectral efficiency.
Table 12.2.1.4-3 Performance of UL CoMP 2 x 4 (A) (InH, TDD)
	
	Cell spectral efficiency (bit/sec/Hz/cell)
	Cell-edge user spectral efficiency (bit/sec/Hz/user)

	Source 1
	3.84
	0.240

	Rel-8 SIMO
(1 x 4)
	3.04
	0.206

	ITU-R requirement
	2.25
	0.070


12.2.2

Microcellular (UMi channel model)

12.2.2.1
FDD, Downlink (UMi) 
Tables 12.2.2.1-1 and 12.2.2.1-2 show the spectrum efficiency results of 4-by-2 MU-MIMO schemes with eNB antenna configuration (C) and (A), respectively. Results show that the MU-MIMO schemes satisfy the ITU-R requirements and provide significant gain compared with the 4-by-2 SU-MIMO scheme in Rel-8 that cannot meet the requirement. Use of MBSFN subframes (overhead reduction), IRC receiver, and short-term feedback tends to improve the cell- and cell-edge spectrum efficiency performances.

Table 12.2.2.1-1 Performance of DL MU-MIMO 4 x 2 (C) (UMi, FDD)
	
	Cell spectral efficiency (bit/sec/Hz/cell)
	Cell-edge user spectral efficiency (bit/sec/Hz/user)

	Source 1
	2.51
	0.079

	Source 2
	2.86
	0.083

	Source 4
	3.14
	0.078

	Source 5
	2.97
	0.076

	Source 7
	2.18
	0.063

	Source 8
	2.88
	0.105

	Source 11
	3.17
	0.084

	Source 12
	2.95
	0.103

	Source 15
	2.74
	0.081

	Rel-8 SU-MIMO
(4 x 2, L=3)
	2.14
	0.068

	ITU requirement
	2.60
	0.075

	
	
	


Table 12.2.2.1-2 Performance of DL MU-MIMO 4 x 2 (A) (UMi, FDD)
	
	Cell spectral efficiency (bit/sec/Hz/cell)
	Cell-edge user spectral efficiency (bit/sec/Hz/user)

	Source 5
	3.15
	0.103

	Source 8
	2.61
	0.100

	Source 12
	2.65
	0.093

	Rel-8 SU-MIMO
(4 x 2, L=3)
	1.96
	0.061

	ITU requirement
	2.60
	0.075


Table 12.2.2.1-3 shows the spectrum efficiency results of 8-by-2 MU-MIMO schemes with the eNB antenna configuration (C/E). Obviously, increasing the number of eNB antennas contributes to further performance enhancement.

Table 12.2.2.1-3 Performance of DL MU-MIMO 8 x 2 (C/E) (UMi, FDD)
	
	Cell spectral efficiency (bit/sec/Hz/cell)
	Cell-edge user spectral efficiency (bit/sec/Hz/user)

	Source 1
	3.62
	0.138

	Source 5
	3.72
	0.140

	Source 8
	3.03
	0.130

	Source 10
	3.36
	0.089

	Rel-8 SU-MIMO
(4 x 2, L=3)
	2.14
	0.068

	ITU requirement
	2.60
	0.075


Tables 12.2.2.1-4 and 12.2.2.1-5 show the spectrum efficiency results of 4-by-2 CS/CB-CoMP schemes with eNB antenna configuration (C) and (A), respectively. Table 12.2.2.1-6 shows the spectrum efficiency results of 8-by-2 CS/CB-CoMP schemes with eNB antenna configuration (C/E). Results show that the CS/CB schemes satisfy the ITU requirements and achieve significant gain compared with the Rel-8 4-by-2 SU-MIMO scheme.
Table 12.2.2.1-4 Performance of DL CS/CB-CoMP 4 x 2 (C) (UMi, FDD)
	
	Cell spectral efficiency (bit/sec/Hz/cell)
	Cell-edge user spectral efficiency (bit/sec/Hz/user)

	Source 3
	2.84
	0.092

	Source 11
	3.11
	0.086

	Source 12
	2.99
	0.114

	Source 13
	3.21
	0.084

	Source 18
	3.15
	0.083

	Rel-8 SU-MIMO
(4 x 2, L=3)
	2.14
	0.068

	ITU requirement
	2.60
	0.075


Table 12.2.2.1-5 Performance of DL CS/CB-CoMP 4 x 2 (A) (UMi, FDD)
	
	Cell spectral efficiency (bit/sec/Hz/cell)
	Cell-edge user spectral efficiency (bit/sec/Hz/user)

	Source 12
	2.71
	0.103

	Rel-8 SU-MIMO
(4 x 2, L=3)
	1.96
	0.061

	ITU requirement
	2.60
	0.075


Table 12.2.2.1-6 Performance of DL CS/CB-CoMP 8 x 2 (C) (UMi, FDD)
	
	Cell spectral efficiency (bit/sec/Hz/cell)
	Cell-edge user spectral efficiency (bit/sec/Hz/user)

	Source 3
	3.99
	0.105

	Source 4
	3.05
	0.088

	Rel-8 SU-MIMO
(4 x 2, L=3)
	2.14
	0.068

	ITU requirement
	2.60
	0.075


Table 12.2.2.1-7 shows the spectrum efficiency results of 4-by-2 JP-CoMP schemes with eNB antenna configuration (C). Results show that the JP-CoMP schemes provide additional performance enhancement over MU-MIMO in Table 12.2.2-1-1 (compared with the same source).
Table 12.2.2.1-7 Performance of DL JP-CoMP 4 x 2 (C) (UMi, FDD)
	
	Cell spectral efficiency (bit/sec/Hz/cell)
	Cell-edge user spectral efficiency (bit/sec/Hz/user)

	Source 1
	3.45
	0.108

	Source 2
	3.06
	0.097

	Rel-8 SU-MIMO
(4 x 2, L=3)
	2.14
	0.068

	ITU requirement
	2.60
	0.075


Tables 12.2.2.1-8 and 12.2.2.1-9 show the spectrum efficiency results of 8-by-2 SU-MIMO scheme with eNB antenna configuration (A) and (C), respectively. Results show that use of 8 transmit antenna gives additional degrees of freedom, resulting in enhanced performance.
Table 12.2.2.1-8 Performance of DL SU-MIMO 8 x 2 (A) (UMi, FDD)
	
	Cell spectral efficiency (bit/sec/Hz/cell)
	Cell-edge user spectral efficiency (bit/sec/Hz/user)

	Source 16
	3.65
	0.140

	Rel-8 SU-MIMO
(4 x 2, L=3)
	1.96
	0.061

	ITU requirement
	2.60
	0.075


Table 12.2.2.1-9 Performance of DL SU-MIMO 8 x 2 (C) (UMi, FDD)

	
	Cell spectral efficiency (bit/sec/Hz/cell)
	Cell-edge user spectral efficiency (bit/sec/Hz/user)

	Source 16
	3.74
	0.153

	Rel-8 SU-MIMO
(4 x 2, L=3)
	2.14
	0.068

	ITU requirement
	2.60
	0.075


12.2.2.2
TDD, Downlink (UMi) 

Tables 12.2.2.2-1 and 12.2.2.2-2 show the spectrum efficiency results of 4-by-2 MU-MIMO schemes with eNB antenna configuration (C) and (A), respectively. Results show that the MU-MIMO schemes satisfy the ITU-R requirements and provide significant gain compared with the 4-by-2 SU-MIMO scheme in Rel-8 that cannot meet the requirement. Use of MBSFN subframes (overhead reduction), IRC receiver, and short-term feedback tends to improve the cell- and cell-edge spectrum efficiency performances.

Table 12.2.2.2-1 Performance of DL MU-MIMO 4 x 2 (C) (UMi, FDD)
	
	Cell spectral efficiency (bit/sec/Hz/cell)
	Cell-edge user spectral efficiency (bit/sec/Hz/user)

	Source 1
	2.85
	0.087

	Source 2
	3.07
	0.084

	Source 4
	3.07
	0.076

	Source 7
	3.33
	0.090

	Source 8
	2.71
	0.103

	Source 9
	3.22
	0.095

	Source 10
	2.94
	0.084

	Source 12
	2.90
	0.105

	Rel-8 SU-MIMO

(4 x 2, L=3)
	2.20
	0.076

	ITU-R requirement
	2.60
	0.075


Table 12.2.2.2-2 Performance of DL MU-MIMO 4 x 2 (A) (UMi, TDD)
	
	Cell spectral efficiency (bit/sec/Hz/cell)
	Cell-edge user spectral efficiency (bit/sec/Hz/user)

	Source 12
	2.65
	0.092

	Rel-8 SU-MIMO

(4 x 2, L=3)
	1.99
	0.067

	ITU-R requirement
	2.60
	0.075


Table 12.2.2.2-3 shows the spectrum efficiency results of 8-by-2 MU-MIMO schemes with the eNB antenna configuration (C/E). Obviously, increasing the number of eNB antennas contributes to further performance enhancement.

Table 12.2.2.2-3 Performance of DL MU-MIMO 8 x 2 (C/E) (UMi, TDD)
	
	Cell spectral efficiency (bit/sec/Hz/cell)
	Cell-edge user spectral efficiency (bit/sec/Hz/user)

	Source 1
	3.85
	0.106

	Source 2
	3.46
	0.089

	Source 9
	3.33
	0.099

	Source 10
	3.47
	0.096

	Rel-8 SU-MIMO

(4 x 2, L=3)
	2.20
	0.076

	ITU-R requirement
	2.60
	0.075


Tables 12.2.2.2-4 and 12.2.2.2-5 show the spectrum efficiency results of 4-by-2 CS/CB-CoMP schemes with eNB antenna configuration (C), and 8-by-2 CS/CB-CoMP schemes with eNB antenna configuration (C), respectively. Table 12.2.2.1-6 shows the spectrum efficiency results of 4-by-2 JP-CoMP schemes with eNB antenna configuration (C). Results show that the CoMP schemes satisfy the ITU requirements and achieve significant gain compared with the Rel-8 4-by-2 SU-MIMO scheme.
Table 12.2.2.2-4 Performance of DL CS/CB-CoMP 4 x 2 (C) (UMi, TDD)
	
	Cell spectral efficiency (bit/sec/Hz/cell)
	Cell-edge user spectral efficiency (bit/sec/Hz/user)

	Source 2
	3.28
	0.087

	Source 3
	2.78
	0.089

	Source 13
	3.20
	0.083

	Rel-8 SU-MIMO

(4 x 2, L=3)
	2.20
	0.076

	ITU-R requirement
	2.60
	0.075


Table 12.2.2.2-5 Performance of DL CS/CB-CoMP 8 x 2 (C) (UMi, TDD)

	
	Cell spectral efficiency (bit/sec/Hz/cell)
	Cell-edge user spectral efficiency (bit/sec/Hz/user)

	Source 2
	3.83
	0.096

	Source 4
	3.20
	0.096

	Rel-8 SU-MIMO

(4 x 2, L=3)
	2.20
	0.076

	ITU-R requirement
	2.60
	0.075


Table 12.2.2.2-6 Performance of DL JP-CoMP 4 x 2 (C) (UMi, TDD)
	
	Cell spectral efficiency (bit/sec/Hz/cell)
	Cell-edge user spectral efficiency (bit/sec/Hz/user)

	Source 1
	3.76
	0.082

	Source 2
	3.03
	0.096

	Rel-8 SU-MIMO

(4 x 2, L=3)
	2.20
	0.076

	ITU-R requirement
	2.20
	0.060


12.2.2.3
FDD, Uplink (UMi) 

Table 12.2.2.3-1 shows the spectrum efficiency results of 2-by-4 SU-MIMO schemes with eNB antenna configuration (A). Results show that the SU-MIMO schemes satisfy the ITU-R requirements and provide significant gain compared with the 1-by-4 SU-MIMO scheme in Rel-8. Use of advanced receiver such as IRC and SIC provides additional gains.

Table 12.2.2.3-1 Performance of UL SU-MIMO 2 x 4 (A) (UMi, FDD)
	
	Cell spectral efficiency (bit/sec/Hz/cell)
	Cell-edge user spectral efficiency (bit/sec/Hz/user)

	Source 1
	2.23
	0.087

	Source 3
	2.52
	0.112

	Source 5
	2.24
	0.088

	Source 11
	1.93
	0.075

	Source 12
	1.98
	0.051

	Source 14
	2.45
	0.071

	Source 18
	2.08
	0.092

	Rel-8 SIMO
(1 x 4)
	1.93
	0.074

	ITU-R requirement
	1.80
	0.050


Tables 12.2.2.3-2 and 12.2.2.3-3 show the spectrum efficiency results of 1-by-4 CoMP schemes with eNB antenna configuration (A) and 2-by-4 CoMP schemes with eNB antenna configuration (A), respectively. Results show that multi point reception provides performance enhancement compared with the Rel-8 1-by-4 SIMO scheme.

Table 12.2.2.3-2 Performance of UL CoMP 1 x 4 (A) (UMi, FDD)
	
	Cell spectral efficiency (bit/sec/Hz/cell)
	Cell-edge user spectral efficiency (bit/sec/Hz/user)

	Source 1
	2.22
	0.093

	Source 18
	2.03
	0.089

	Rel-8 SIMO
(1 x 4)
	1.93
	0.074

	ITU-R requirement
	1.80
	0.050


Table 12.2.2.3-3 Performance of UL CoMP 2 x 4 (A) (UMi, FDD)
	
	Cell spectral efficiency (bit/sec/Hz/cell)
	Cell-edge user spectral efficiency (bit/sec/Hz/user)

	Source 1
	2.45
	0.102

	Source 18
	2.18
	0.102

	Rel-8 SIMO
(1 x 4)
	1.93
	0.074

	ITU-R requirement
	1.80
	0.050


Table 12.2.2.3-4 shows the spectrum efficiency results of 2-by-4 MU-MIMO schemes with eNB antenna configuration (A). Results show that MU-MIMO provides performance enhancement compared with SU-MIMO shown in Table 12.2.2.3-1 (compared with the same source).
Table 12.2.2.3-4 Performance of UL MU-MIMO 2 x 4 (A) (UMi, FDD)
	
	Cell spectral efficiency (bit/sec/Hz/cell)
	Cell-edge user spectral efficiency (bit/sec/Hz/user)

	Source 12
	2.51
	0.086

	Rel-8 SIMO
(1 x 4)
	1.93
	0.074

	ITU-R requirement
	1.80
	0.050


12.2.2.4
TDD, Uplink (UMi) 

Table 12.2.2.4-1 shows the spectrum efficiency results of 2-by-4 SU-MIMO schemes with eNB antenna configuration (A). Results show that the SU-MIMO schemes satisfy the ITU-R requirements and provide significant gain compared with the 1-by-4 SU-MIMO scheme in Rel-8.

Table 12.2.2.4-1 Performance of UL SU-MIMO 2 x 4 (A) (UMi, TDD)

	
	Cell spectral efficiency (bit/sec/Hz/cell)
	Cell-edge user spectral efficiency (bit/sec/Hz/user)

	Source 1
	2.12
	0.081

	Source 3
	2.29
	0.100

	Source 12
	1.90
	0.058

	Rel-8 SIMO
(1 x 4)
	1.87
	0.072

	ITU-R requirement
	1.80
	0.050


Tables 12.2.2.4-2 and 12.2.2.4-3 show the spectrum efficiency results of 1-by-4 CoMP schemes with eNB antenna configuration (A) and 2-by-4 CoMP schemes with eNB antenna configuration (A), respectively. Results show that multi point reception provides performance enhancement compared with the Rel-8 1-by-4 SIMO scheme.

Table 12.2.2.4-2 Performance of UL CoMP 1 x 4 (A) (UMi, TDD)
	
	Cell spectral efficiency (bit/sec/Hz/cell)
	Cell-edge user spectral efficiency (bit/sec/Hz/user)

	Source 1
	2.15
	0.083

	Rel-8 SIMO
(1 x 4)
	1.87
	0.072

	ITU-R requirement
	1.80
	0.050


Table 12.2.2.4-3 Performance of UL CoMP 2 x 4 (A) (UMi, TDD)
	
	Cell spectral efficiency (bit/sec/Hz/cell)
	Cell-edge user spectral efficiency (bit/sec/Hz/user)

	Source 1
	2.35
	0.097

	Rel-8 SIMO
(1 x 4)
	1.87
	0.072

	ITU-R requirement
	1.80
	0.050


Table 12.2.2.4-4 shows the spectrum efficiency results of 2-by-4 MU-MIMO schemes with eNB antenna configuration (A). Results show that MU-MIMO provides performance enhancement compared with SU-MIMO shown in Table 12.2.2.4-1 (compared with the same source).

Table 12.2.2.4-4 Performance of UL MU-MIMO 2 x 4 (A) (UMi, TDD)
	
	Cell spectral efficiency (bit/sec/Hz/cell)
	Cell-edge user spectral efficiency (bit/sec/Hz/user)

	Source 12
	2.79
	0.068

	Rel-8 SIMO
(1 x 4)
	1.87
	0.072

	ITU-R requirement
	1.80
	0.050


Table 12.2.2.4-5 shows the spectrum efficiency results of 1-by-8 MU-MIMO schemes with eNB antenna configuration (C/E). Results show that additional eNB receive antennas contributes to additional performance enhancement.

Table 12.2.2.4-5 Performance of UL MU-MIMO 1 x 8 (C/E) (UMi, TDD)
	
	Cell spectral efficiency (bit/sec/Hz/cell)
	Cell-edge user spectral efficiency (bit/sec/Hz/user)

	Source 2
	2.97
	0.079

	Rel-8 SIMO
(1 x 4)
	1.82
	0.067

	ITU-R requirement
	1.80
	0.050


12.2.3
Base coverage urban (UMa channel model)

 12.2.3.1
FDD, Downlink (UMa) 

Tables 12.2.3.1-1 and 12.2.3.1-2 show the spectrum efficiency results of 4-by-2 MU-MIMO schemes with eNB antenna configuration (C) and (A), respectively. Results show that the MU-MIMO schemes satisfy the ITU-R requirements and provide significant gain compared with the 4-by-2 SU-MIMO scheme in Rel-8 that cannot meet the requirement. Use of MBSFN subframes (overhead reduction), IRC receiver, and short-term feedback tends to improve the cell- and cell-edge spectrum efficiency performances.

Table 12.2.3.1-1 Performance of DL MU-MIMO 4 x 2 (C) (UMa, FDD)
	
	Cell spectral efficiency (bit/sec/Hz/cell)
	Cell-edge user spectral efficiency (bit/sec/Hz/user)

	Source 1
	2.14
	0.056

	Source 5
	2.22
	0.060

	Source 7
	2.06
	0.060

	Source 8
	2.48
	0.063

	Source 11
	2.66
	0.070

	Source 12
	2.36
	0.076

	Source 15
	2.22
	0.062

	Rel-8 SU-MIMO

(4 x 2, L=3)
	1.61
	0.050

	ITU-R requirement
	2.20
	0.060


Table 12.2.3.1-2 Performance of DL MU-MIMO 4 x 2 (A) (UMa, FDD)

	
	Cell spectral efficiency (bit/sec/Hz/cell)
	Cell-edge user spectral efficiency (bit/sec/Hz/user)

	Source 1
	1.75
	0.047

	Source 5
	2.33
	0.064

	Rel-8 SU-MIMO

(4 x 2, L=3)
	1.45
	0.043

	ITU-R requirement
	2.20
	0.060


Table 12.2.3.1-3 shows the spectrum efficiency results of 8-by-2 MU-MIMO schemes with the eNB antenna configuration (C/E). Obviously, increasing the number of eNB antennas contributes to further performance enhancement.

Table 12.2.3.1-3 Performance of DL MU-MIMO 8 x 2 (C/E) (UMa, FDD)

	
	Cell spectral efficiency (bit/sec/Hz/cell)
	Cell-edge user spectral efficiency (bit/sec/Hz/user)

	Source 1
	2.77
	0.091

	Source 5
	2.80
	0.104

	Source 10
	2.55
	0.070

	Rel-8 SU-MIMO

(4 x 2, L=3)
	1.61
	0.050

	ITU-R requirement
	2.20
	0.060


Tables 12.2.3.1-4 and 12.2.3.1-5 show the spectrum efficiency results of 4-by-2 CS/CB-CoMP schemes with eNB antenna configuration (C) and 8-by-2 CS/CB-CoMP schemes with eNB antenna configuration (C), respectively. Results show that the CS/CB-CoMP schemes satisfy the ITU requirements and achieve significant gain compared with the Rel-8 4-by-2 SU-MIMO scheme.
Table 12.2.3.1-4 Performance of DL CS/CB-CoMP 4 x 2 (C) (UMa, FDD)
	
	Cell spectral efficiency (bit/sec/Hz/cell)
	Cell-edge user spectral efficiency (bit/sec/Hz/user)

	Source 2
	2.68
	0.067

	Source 3
	2.38
	0.073

	Source 11
	2.44
	0.067

	Source 12
	2.33
	0.083

	Source 13
	2.30
	0.063

	Source 18
	2.45
	0.060

	Rel-8 SU-MIMO

(4 x 2, L=3)
	1.61
	0.050

	ITU-R requirement
	2.20
	0.060


Table 12.2.3.1-5 Performance of DL CS/CB-CoMP 8 x 2 (C) (UMa, FDD)

	
	Cell spectral efficiency (bit/sec/Hz/cell)
	Cell-edge user spectral efficiency (bit/sec/Hz/user)

	Source 3
	3.34
	0.088

	Source 4
	2.70
	0.085

	Source 13
	3.22
	0.073

	Rel-8 SU-MIMO

(4 x 2, L=3)
	1.61
	0.050

	ITU-R requirement
	2.20
	0.060


Tables 12.2.3.1-6 and 12.2.3.1-7 show the spectrum efficiency results of 4-by-2 JP-CoMP schemes with eNB antenna configuration (C) and (A), respectively. Tables show that the JP CoMP schemes provide additional performance enhancement over MU-MIMO in Table 12.2.3.1-1 (compared with the same source).
Table 12.2.3.1-6 Performance of DL JP-CoMP 4 x 2 (C) (UMa, FDD)　
	
	Cell spectral efficiency (bit/sec/Hz/cell)
	Cell-edge user spectral efficiency (bit/sec/Hz/user)

	Source 1
	2.41 
	0.064 

	Source 2
	2.32 
	0.069 

	Rel-8 SU-MIMO

(4 x 2, L=3) 
	1.61 
	0.050 

	ITU-R requirement
	2.20 
	0.060 


Table12.2.3.1-7 Performance of DL JP-CoMP 4 x 2 (A) (UMa, FDD)

	
	Cell spectral efficiency (bit/sec/Hz/cell)
	Cell-edge user spectral efficiency (bit/sec/Hz/user)

	Source 5
	2.41
	0.065

	Rel-8 SU-MIMO

(4 x 2, L=3)
	1.45
	0.043

	ITU-R requirement
	2.20
	0.060


Tables 12.2.3.1-8 and 12.2.3.1-9 show the spectrum efficiency results of 8-by-2 SU-MIMO schemes with eNB antenna configuration (A) and (C), respectively. Results show that the use of 8 antenna elements gives additional degrees of freedom, which leads to improved performance.

Table 12.2.3.1-8 Performance of DL SU-MIMO 8 x 2 (A) (UMa, FDD)
	
	Cell spectral efficiency (bit/sec/Hz/cell)
	Cell-edge user spectral efficiency (bit/sec/Hz/user)

	Source 16
	3.53
	0.150

	Rel-8 SU-MIMO

(4 x 2, L=3)
	1.45
	0.043

	ITU-R requirement
	2.20
	0.060


Table 12.2.3.1-9 Performance of DL SU-MIMO 8 x 2 (C) (UMa, FDD)
	
	Cell spectral efficiency (bit/sec/Hz/cell)
	Cell-edge user spectral efficiency (bit/sec/Hz/user)

	Source 16
	3.54
	0.149

	Rel-8 SU-MIMO

(4 x 2, L=3)
	1.61
	0.050

	ITU-R requirement
	2.20
	0.060


12.2.3.2
TDD, Downlink (UMa) 
Tables 12.2.3.2-1 and 12.2.3.2-2 show the spectrum efficiency results of 4-by-2 MU-MIMO schemes with eNB antenna configuration (C) and (A), respectively. Results show that the MU-MIMO schemes satisfy the ITU-R requirements and provide significant gain compared with the 4-by-2 SU-MIMO scheme in Rel-8 that cannot meet the requirements. Use of MBSFN subframes (overhead reduction), IRC receiver, and short-term feedback tends to improve the cell- and cell-edge spectrum efficiency performances.

Table 12.2.3.2-1 Performance of DL MU-MIMO 4 x 2 (C) (UMa, TDD)
	
	Cell spectral efficiency (bit/sec/Hz/cell)
	Cell-edge user spectral efficiency (bit/sec/Hz/user)

	Source 1
	2.34
	0.062

	Source 2
	2.63
	0.069

	Source 7
	2.27
	0.062

	Source 8
	2.43
	0.062

	Source 9
	2.62
	0.080

	Source 10
	2.49
	0.069

	Source 12
	2.32
	0.071

	Rel-8 SU-MIMO
(4 x 2, L=3)
	1.34
	0.040

	ITU-R requirement
	2.20
	0.060


Table 12.2.3.2-2 Performance of DL MU-MIMO 4 x 2 (A) (UMa, TDD)
	
	Cell spectral efficiency (bit/sec/Hz/cell)
	Cell-edge user spectral efficiency (bit/sec/Hz/user)

	Source 1
	1.85
	0.056

	Rel-8 SU-MIMO
(4 x 2, L=3)
	1.36
	0.036

	ITU-R requirement
	2.20
	0.060


Table 12.2.3.2-3 shows the spectrum efficiency results of 8-by-2 MU-MIMO schemes with the eNB antenna configuration (C/E). Obviously, increasing the number of eNB antennas contributes to further performance enhancement.

Table 12.2.3.2-3 Performance of DL MU-MIMO 8 x 2 (C/E) (UMa, TDD)
	
	Cell spectral efficiency (bit/sec/Hz/cell)
	Cell-edge user spectral efficiency (bit/sec/Hz/user)

	Source 1
	3.42
	0.102

	Source 2
	3.14
	0.077

	Source 9
	2.92
	0.075

	Source 10
	2.89
	0.077

	Rel-8 SU-MIMO
(4 x 2, L=3)
	1.34
	0.040

	ITU-R requirement
	2.20
	0.060


Tables 12.2.3.2-4 and 12.2.3.2-5 show the spectrum efficiency results of 4-by-2 CS/CB-CoMP schemes with eNB antenna configuration (C) and 8-by-2 CS/CB-CoMP schemes with eNB antenna configuration (C), respectively. Results show that the CS/CB-CoMP schemes satisfy the ITU requirements and achieve significant gain compared with the Rel-8 4-by-2 SU-MIMO scheme.
Table 12.2.3.2-4 Performance of DL CS/CB-CoMP 4 x 2 (C) (UMa, TDD)
	
	Cell spectral efficiency (bit/sec/Hz/cell)
	Cell-edge user spectral efficiency (bit/sec/Hz/user)

	Source 2
	2.74
	0.075

	Source 3
	2.34
	0.072

	Source 12
	2.21
	0.069

	Source 13
	2.34
	0.065

	Rel-8 SU-MIMO
(4 x 2, L=3)
	1.34
	0.040

	ITU-R requirement
	2.20
	0.060


Table 12.2.3.2-5 Performance of DL CS/CB-CoMP 8 x 2 (C) (UMa, TDD)
	
	Cell spectral efficiency (bit/sec/Hz/cell)
	Cell-edge user spectral efficiency (bit/sec/Hz/user)

	Source 2
	3.30
	0.093

	Source 4
	2.77
	0.092

	Source 13
	3.24
	0.076

	Rel-8 SU-MIMO
(4 x 2, L=3)
	1.34
	0.040

	ITU-R requirement
	2.20
	0.060


Table 12.2.3.2-6 shows the spectrum efficiency results of 4-by-2 JP-CoMP schemes with eNB antenna configuration (C). Results show that the JP-CoMP schemes satisfy the ITU requirements and achieve significant gain compared with the Rel-8 4-by-2 SU-MIMO scheme.
Table 12.2.3.2-6 Performance of DL JP-CoMP 4 x 2 (C) (UMa, TDD)
	
	Cell spectral efficiency (bit/sec/Hz/cell)
	Cell-edge user spectral efficiency (bit/sec/Hz/user)

	Source 1
	2.95
	0.073

	Source 2
	2.23
	0.068

	Rel-8 SU-MIMO
(4 x 2, L=3)
	1.34
	0.040

	ITU-R requirement
	2.20
	0.060


12.2.3.3
FDD, Uplink (UMa) 
Table 12.2.3.3-1 shows the spectrum efficiency results of 2-by-4 SU-MIMO schemes with eNB antenna configuration (A). Results show that the 2-by-4 SU-MIMO schemes satisfy the ITU-R requirements and provide significant gain compared with the 1-by-4 SU-MIMO scheme in Rel-8.

Table 12.2.3.3-1 Performance of UL SU-MIMO 2 x 4 (A) (UMa, FDD)
	
	Cell spectral efficiency (bit/sec/Hz/cell)
	Cell-edge user spectral efficiency (bit/sec/Hz/user)

	Source 1
	1.77
	0.086

	Source 3
	1.93
	0.087

	Source 5
	1.75
	0.082

	Source 12
	1.62
	0.046

	Source 14
	2.03
	0.072

	Source 18
	1.62
	0.072

	Rel-8 SIMO
(1 x 4)
	1.55
	0.067

	ITU-R requirement
	1.40
	0.030


Tables 12.2.3.3-2 and 12.2.3.3-3 show the spectrum efficiency results of 1-by-4 CoMP schemes with eNB antenna configuration (A) and (C), respectively. Results show that the performance of CoMP schemes exceeds the ITU requirements. 

Table12.2.3.3-2 Performance of UL CoMP 1 x 4 (A) (UMa, FDD)
	
	Cell spectral efficiency (bit/sec/Hz/cell)
	Cell-edge user spectral efficiency (bit/sec/Hz/user)

	Source 1
	1.95
	0.096

	Source 18
	1.51
	0.075

	Rel-8 SIMO
(1 x 4)
	1.55
	0.067

	ITU-R requirement
	1.40
	0.030


Table12.2.3.3-3 Performance of UL CoMP 1 x 4 (C) (UMa, FDD)
	
	Cell spectral efficiency (bit/sec/Hz/cell)
	Cell-edge user spectral efficiency (bit/sec/Hz/user)

	Source 1
	1.89
	0.095

	Rel-8 SIMO
(1 x 4)
	1.50
	0.060

	ITU-R requirement
	1.40
	0.030


Tables 12.2.3.3-4 and 12.2.3.3-5 show the spectrum efficiency results of 2-by-4 CoMP schemes with eNB antenna configuration (A) and (C), respectively. Results show that additional transmit antenna provides further performance enhancement.

Table12.2.3.3-4 Performance of UL CoMP 2 x 4 (A) (UMa, FDD)
	
	Cell spectral efficiency (bit/sec/Hz/cell)
	Cell-edge user spectral efficiency (bit/sec/Hz/user)

	Source 1
	2.11
	0.102

	Source 18
	1.74
	0.081

	Rel-8 SIMO
(1 x 4)
	1.55
	0.067

	ITU-R requirement
	1.40
	0.030


Table 12.2.3.3-5 Performance of UL CoMP 2 x 4 (C) (UMa, FDD)
	
	Cell spectral efficiency (bit/sec/Hz/cell)
	Cell-edge user spectral efficiency (bit/sec/Hz/user)

	Source 1
	2.05
	0.099

	Rel-8 SIMO
(1 x 4)
	1.50
	0.060

	ITU-R requirement
	1.40
	0.030


Table 12.2.3.3-6 shows the spectrum efficiency results of 2-by-4 MU-MIMO schemes with eNB antenna configuration (A). Results show that MU-MIMO provides performance enhancement compared with SU-MIMO shown in Table 12.2.3.3-1 (compared with the same source).
Table 12.2.3.3-6 Performance of UL MU-MIMO 2 x 4 (A) (UMa, FDD)
	
	Cell spectral efficiency (bit/sec/Hz/cell)
	Cell-edge user spectral efficiency (bit/sec/Hz/user)

	Source 12
	1.91
	0.069

	Rel-8 SIMO
(1 x 4)
	1.55
	0.067

	ITU-R requirement
	1.40
	0.030


12.2.3.4
TDD, Uplink (UMa) 
Table 12.2.3.4-1 shows the spectrum efficiency results of 2-by-4 SU-MIMO schemes with eNB antenna configuration (A). Results show that the 2-by-4 SU-MIMO schemes satisfy the ITU-R requirements and provide significant gain compared with the 1-by-4 SU-MIMO scheme in Rel-8.

Table 12.2.3.4-1 Performance of UL SU-MIMO 2 x 4 (A) (UMa, TDD)

	
	Cell spectral efficiency (bit/sec/Hz/cell)
	Cell-edge user spectral efficiency (bit/sec/Hz/user)

	Source 1
	1.73
	0.083

	Source 3
	1.76
	0.076

	Source 12
	1.54
	0.059

	Rel-8 SIMO
(1 x 4)
	1.51
	0.062

	ITU-R requirement
	1.40
	0.030


Tables 12.2.3.4-2 and 12.2.3.4-3 show the spectrum efficiency results of 1-by-4 CoMP schemes with eNB antenna configuration (A) and (C), respectively. Results show that multi point reception provides performance enhancement compared with the Rel-8 1-by-4 SIMO scheme.

Table12.2.3.4-2 Performance of UL CoMP 1 x 4 (A) (UMa, TDD)
	
	Cell spectral efficiency (bit/sec/Hz/cell)
	Cell-edge user spectral efficiency (bit/sec/Hz/user)

	Source 1
	1.89
	0.093

	Rel-8 SIMO
(1 x 4)
	1.51
	0.062

	ITU-R requirement
	1.40
	0.030


Table12.2.3.4-3 Performance of UL CoMP 1 x 4 (C) (UMa, TDD)
	
	Cell spectral efficiency (bit/sec/Hz/cell)
	Cell-edge user spectral efficiency (bit/sec/Hz/user)

	Source 1
	1.86
	0.090

	Rel-8 SIMO
(1 x 4)
	1.45
	0.059

	ITU-R requirement
	1.40
	0.030


Tables 12.2.3.4-4 and 12.2.3.4-5 show the spectrum efficiency results of 2-by-4 CoMP schemes with eNB antenna configuration (A) and (C), respectively. Results show that additional transmit antenna provides further performance enhancement.

Table12.2.3.4-4 Performance of UL CoMP 2 x 4 (A) (UMa, TDD)
	
	Cell spectral efficiency (bit/sec/Hz/cell)
	Cell-edge user spectral efficiency (bit/sec/Hz/user)

	Source 1
	2.06
	0.100

	Rel-8 SIMO
(1 x 4)
	1.51
	0.062

	ITU-R requirement
	1.40
	0.030


Table 12.2.3.4-5 Performance of UL CoMP 2 x 4 (C) (UMa, TDD)
	
	Cell spectral efficiency (bit/sec/Hz/cell)
	Cell-edge user spectral efficiency (bit/sec/Hz/user)

	Source 1
	2.00
	0.097

	Rel-8 SIMO
(1 x 4)
	1.45
	0.059

	ITU-R requirement
	1.40
	0.030


Table 12.2.3.4-6 shows the spectrum efficiency results of 1-by-8 MU-MIMO schemes with eNB antenna configuration (C/E). Results show that additional eNB receive antennas contributes to further performance enhancement.

Table 12.2.3.4-6 Performance of UL MU-MIMO 1 x 8 (C/E) (UMa, TDD)
	
	Cell spectral efficiency (bit/sec/Hz/cell)
	Cell-edge user spectral efficiency (bit/sec/Hz/user)

	Source 2
	2.74
	0.076

	Rel-8 SIMO
(1 x 4)
	1.45
	0.059

	ITU-R requirement
	1.40
	0.030


12.2.4
High speed (RMa channel model)
12.2.4.1
FDD, Downlink (RMa) 

Tables 12.2.4.1-1 and 12.2.4.1-2 show the spectrum efficiency results of 4-by-2 MU-MIMO schemes with eNB antenna configuration (C), and 8-by-2 MU-MIMO schemes with the eNB antenna configuration (C/E), respectively. Results show that the MU-MIMO schemes satisfy the ITU-R requirements and provide significant gain compared with the 4-by-2 SU-MIMO scheme in Rel-8.
Table 12.2.4.1-1 Performance of DL MU-MIMO 4 x 2 (C) (UMa, FDD)
	
	Cell spectral efficiency (bit/sec/Hz/cell)
	Cell-edge user spectral efficiency (bit/sec/Hz/user)

	Source 3
	3.47
	0.112

	Source 8
	2.94
	0.077

	Source 15
	3.26
	0.083

	Rel-8 SU-MIMO
(4 x 2, L=3)
	1.91
	0.069

	ITU requirement
	1.10
	0.040


Table  12.2.4.1-2 Performance of DL MU-MIMO 8 x 2 (C/E) (UMa, FDD)
	
	Cell spectral efficiency (bit/sec/Hz/cell)
	Cell-edge user spectral efficiency (bit/sec/Hz/user)

	Source 10
	3.45
	0.110

	Rel-8 SU-MIMO
(4 x 2, L=3)
	1.91
	0.069

	ITU requirement
	1.10
	0.040


12.2.4.2
TDD, Downlink (RMa) 
Tables 12.2.4.2-1 and 12.2.4.2-2 show the spectrum efficiency results of 4-by-2 MU-MIMO schemes with eNB antenna configuration (C), and 8-by-2 MU-MIMO schemes with the eNB antenna configuration (C/E), respectively. Results show that the MU-MIMO schemes satisfy the ITU-R requirements and provide significant gain compared with the 4-by-2 SU-MIMO scheme in Rel-8.

Table 12.2.4.2-1 Performance of DL MU-MIMO 4 x 2 (C) (RMa, TDD)
	
	Cell spectral efficiency (bit/sec/Hz/cell)
	Cell-edge user spectral efficiency (bit/sec/Hz/user)

	Source 2
	2.79
	0.081

	Source 8
	2.87
	0.075

	Source 9
	3.34
	0.087

	Source 10
	2.86
	0.086

	Rel-8 SU-MIMO
(4 x 2, L=3)
	1.60
	0.053

	ITU requirement
	1.10
	0.040


Table 12.2.4.2-2 Performance of DL MU-MIMO 8 x 2 (C/E) (RMa, TDD)
	
	Cell spectral efficiency (bit/sec/Hz/cell)
	Cell-edge user spectral efficiency (bit/sec/Hz/user)

	Source 2
	3.36
	0.092

	Source 10
	3.33
	0.106

	Rel-8 SU-MIMO
(4 x 2, L=3)
	1.60
	0.053

	ITU requirement
	1.10
	0.040


Table 12.2.4.2-3 shows the spectrum efficiency results of 4-by-2 CS/CB-CoMP schemes with eNB antenna configuration (C). Results show that the CS/CB-CoMP scheme satisfies the ITU-R requirements and provides significant gain compared with the 4-by-2 SU-MIMO scheme in Rel-8.

Table 12.2.4.2-3 Performance of DL CS/CB-CoMP 4 x 2 (C) (RMa, TDD)
	
	Cell spectral efficiency (bit/sec/Hz/cell)
	Cell-edge user spectral efficiency (bit/sec/Hz/user)

	Source 3
	3.42
	0.109

	Rel-8 SU-MIMO
(4 x 2, L=3)
	1.60
	0.053

	ITU requirement
	1.10
	0.040


12.2.4.3
FDD, Uplink (RMa) 
Table 12.2.4.3-1 shows the spectrum efficiency results of 2-by-4 SU-MIMO schemes with eNB antenna configuration (A). Results show that the 2-by-4 SU-MIMO schemes satisfy the ITU-R requirements and provide significant gain compared with the 1-by-4 SU-MIMO scheme in Rel-8.

Table 12.2.4.3-1 Performance of UL SU-MIMO 2 x 4 (A) (RMa, FDD)
	
	Cell spectral efficiency (bit/sec/Hz/cell)
	Cell-edge user spectral efficiency (bit/sec/Hz/user)

	Source １
	2.32
	0.129

	Source 3
	2.45
	0.129

	Source 5
	2.27
	0.126

	Source 12
	1.90
	0.062

	Source 14
	2.46
	0.129

	Source 18
	1.90
	0.086

	Rel-8 SIMO
(1 x 4)
	1.80
	0.089

	ITU requirement
	0.70
	0.015


Tables 12.2.4.3-2 and 12.2.4.3-3 show the spectrum efficiency results of 1-by-4 CoMP schemes with eNB antenna configuration (A) and 2-by-4 CoMP schemes with eNB antenna configuration (A), respectively. Results show that the performance of the CoMP schemes far exceed the ITU requirements.
Table 12.2.4.3-2 Performance of UL CoMP 1 x 4 (A) (RMa, FDD)
	
	Cell spectral efficiency (bit/sec/Hz/cell)
	Cell-edge user spectral efficiency (bit/sec/Hz/user)

	Source 1
	2.31
	0.129

	Source 18
	1.75
	0.086

	Rel-8 SIMO
(1 x 4)
	1.80
	0.089

	ITU requirement
	0.70
	0.015


Table 12.2.4.3-3 Performance of UL CoMP 2 x 4 (A) (RMa, FDD)
	
	Cell spectral efficiency (bit/sec/Hz/cell)
	Cell-edge user spectral efficiency (bit/sec/Hz/user)

	Source 1
	2.58
	0.154

	Source 18
	2.02
	0.098

	Rel-8 SIMO
(1 x 4)
	1.80
	0.089

	ITU requirement
	0.70
	0.015


12.2.4.4
TDD, Uplink (RMa) 
Table 12.2.4.4-1 shows the spectrum efficiency results of 2-by-4 SU-MIMO schemes with eNB antenna configuration (A). Results show that the 2-by-4 SU-MIMO schemes satisfy the ITU-R requirements and provide significant gain compared with the 1-by-4 SU-MIMO scheme in Rel-8.

Table 12.2.1.4-1 Performance of UL SU-MIMO 2 x 4 (A) (RMa, TDD)
	
	Cell spectral efficiency (bit/sec/Hz/cell)
	Cell-edge user spectral efficiency (bit/sec/Hz/user)

	Source 1
	2.25
	0.127

	Source 3
	2.27
	0.118

	Rel-8 SIMO
(1 x 4)
	1.75
	0.086

	ITU requirement
	0.70
	0.015


Tables 12.2.4.4-2 and 12.2.4.4-3 show the spectrum efficiency results of 1-by-4 CoMP schemes with eNB antenna configuration (A) and 2-by-4 CoMP schemes with eNB antenna configuration (A), respectively. Results show that multi point reception provides performance enhancement compared with the Rel-8 1-by-4 SIMO scheme.

Table 12.2.1.4-2 Performance of UL CoMP 1 x 4 (A) (RMa, TDD)
	
	Cell spectral efficiency (bit/sec/Hz/cell)
	Cell-edge user spectral efficiency (bit/sec/Hz/user)

	Source 1
	2.23
	0.125

	Rel-8 SIMO
(1 x 4)
	1.75
	0.086

	ITU requirement
	0.70
	0.015


Table 12.2.1.4-3 Performance of UL CoMP 2 x 4 (A) (RMa, TDD)
	
	Cell spectral efficiency (bit/sec/Hz/cell)
	Cell-edge user spectral efficiency (bit/sec/Hz/user)

	Source 1
	2.52
	0.153

	Rel-8 SIMO
(1 x 4)
	1.75
	0.086

	ITU requirement
	0.70
	0.015


Table 12.2.4.4-4 shows the spectrum efficiency results of 1-by-8 MU-MIMO schemes with eNB antenna configuration (C/E). Results show that additional eNB receive antennas contributes to the further performance enhancement.

Table 12.2.1.4-4 Performance of UL MU-MIMO 1 x 8 (C/E) (RMa, TDD)
	
	Cell spectral efficiency (bit/sec/Hz/cell)
	Cell-edge user spectral efficiency (bit/sec/Hz/user)

	Source 2
	2.64
	0.101

	Rel-8 SIMO
(1 x 4)
	1.73
	0.077

	ITU requirement
	0.70
	0.015
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