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1. Introduction

In RAN1#59bis, it was decided that CoMP gain and costs should be clarified and the evaluation scenarios and assumptions for intra-eNB CoMP were agreed [1]. This contribution presents some performance evaluation results which show that the DL intra-eNB CoMP can bring significant gains to both the average cell throughput and the 5% of user throughput.
2. Assumptions and overhead  
Intra-eNB CoMP-JP in TDD mode is considered in this contribution. We assume that the antennas of the intra-eNB CoMP are located in the same site, so there are no backhaul burdens among different cooperating cells. UL sounding with a 5ms periodicity is used to obtain the DL CSI. It is further assumed that UE soundings within the CoMP cooperating set (the 3 cells within the same site) are designed to be orthogonal or quasi-orthogonal through some SRS enhancements. 

For comparison, two single-cell schemes, Release 8 codebook based SU-MIMO and Release 9 sounding based MU-MIMO are also evaluated. Maximum number of simultaneous UEs per CoMP cooperating set is 6, and maximum number of simultaneous UEs for single-cell MU-MIMO is 2 per cell. No rank adaptation in MU-MIMIO and CoMP schemes, that is, one layer per UE. 4 antenna ports for CRS are assumed for R8 4x2 SU-MIMO. To reduce the overall overhead, MBSFN subframes and CSI-RS are used for R9 MU-MIMO and CoMP. 2 MBSFN subframes per 10ms in TDD have been used and the final overhead for each DL case is listed in Table 1. It should be noted that 12 REs per RB are reserved for DM-RS for MU-MIMO and MU-CoMP-JP. It should also be noted that to handle the collision between CRS and PDSCH for CoMP-JP in normal subframes, there are two CoMP CRS overhead calculation methods. One is based on no CRS frequency shift and another is based on with CRS frequency shift. In the latter case, the overall CRS overhead is tripled compared with the first case, because the data REs of one cell which collides with the CRS REs of the other two cells within the same CoMP cooperating set are punctured. A control region of 3 symbols per TTI (L=3) is assumed. Models and assumptions are aligned with the guidelines provided by 3GPP in TR 36.814. In addition to these, a set of system models specific for the LTE configurations are summarized in Table 7 in Appendix.
Table 1. Downlink overhead assumptions (L=3).

	　
	Total RE
	DL PDCCH L=3
	CRS
	DM-RS
	SS+PBCH
	CSI RS
	Guard
	Total Overhead
	Overhead ratio

	4x2, SU-MIMO
	93600
	19200
	8800
	0
	528
	0
	0
	28528
	30.48% 

	4x2,MU-MIMO
	93600
	19200
	2000
	6600
	564
	0
	0
	28364
	30.30% 

	4x2,MU-CoMP
	93600
	19200
	2000
	6600
	564
	0
	0
	28364
	30.30% 

	4x2,MU-CoMP (CRS shift)
	93600
	19200
	6000
	6600
	564
	0
	0
	32364
	34.58% 


3. DL results in 3GPP Case 1-3D 
A summary of evaluation results for 4x2 SU-MIMO, MU-MIMO and CoMP in Case 1 for high load (average 10 users per sector) is presented in Table 2 and Table 3, for cross-polarized antenna and co-polarized antenna, respectively. With cross-polarized antennas, the average spectral efficiency gain over SU-MIMO and MU-MIMO is 57%-67% and 14%-21%, respectively; The cell edge spectral efficiency gain from CoMP over SU-MIMO and MU-MIMO is 125%-140% and 9%-17%, respectively. The similar CoMP gain can be achieved with co-polarized antennas.

Results for 4x2 SU-MIMO, MU-MIMO and CoMP in Case 1 for low load (strictly 2 users per sector) are presented in Table 4 and Table 5, for cross-polarized antenna and co-polarized antenna, respectively. With cross-polarized antennas, the average spectral efficiency gain over SU-MIMO and MU-MIMO is 57%-67% and 10%-17%, respectively; The cell edge spectral efficiency gain from CoMP over SU-MIMO and MU-MIMO is 124%-138% and 3%-7%, respectively. The similar CoMP gain can be achieved with co-polarized antennas. It should be noted the low load case here means that each sector has strictly 2 users connected. 

Table 2. DL simulation results in Case 1, 4x2, L=3, cross-polarized, 10UE/sector
	DL Cases
	Ant. Config
	Simulation Results
	Gain over SU-MIMO
	Gain over MU-MIMO

	Average spectral 
efficiency [bps/Hz/cell]
	4x2, SU-MIMO
	2.42
	0%
	-

	
	4x2,MU-MIMO
	3.35
	38%
	0%

	
	4x2,MU-CoMP
	4.05
	67%
	21%

	
	4x2,MU-CoMP (CRS shift)
	3.81
	57%
	14%

	Cell-edge performance
 [bps/Hz]
	4x2, SU-MIMO
	0.073
	0%
	-

	
	4x2,MU-MIMO
	0.150
	105%
	0%

	
	4x2,MU-CoMP
	0.175
	140%
	17%

	
	4x2,MU-CoMP (CRS shift)
	0.164
	125%
	9%


Table 3. DL simulation results in Case 1, 4x2, L=3, co-polarized, 10UE/sector
	DL Cases
	Ant. Config
	Simulation Results
	Gain over SU-MIMO
	Gain over MU-MIMO

	Average spectral 
efficiency [bps/Hz/cell]
	4x2, SU-MIMO
	2.57
	0%
	-

	
	4x2,MU-MIMO
	3.52
	37%
	0%

	
	4x2,MU-CoMP
	4.38
	70%
	24%

	
	4x2,MU-CoMP (CRS shift)
	4.11
	60%
	17%

	Cell-edge performance
 [bps/Hz]
	4x2, SU-MIMO
	0.084
	0%
	-

	
	4x2,MU-MIMO
	0.172
	105%
	0%

	
	4x2,MU-CoMP
	0.188
	124%
	9%

	
	4x2,MU-CoMP (CRS shift)
	0.177
	110%
	2%


Table 4. DL simulation results in Case 1, 4x2, L=3, cross-polarized, 2UE/sector
	DL Cases
	Ant. Config
	Simulation Results
	Gain over SU-MIMO
	Gain over MU-MIMO

	Average spectral 
efficiency [bps/Hz/cell]
	4x2, SU-MIMO
	2.19
	0%
	-

	
	4x2,MU-MIMO
	3.12
	42%
	0%

	
	4x2,MU-CoMP
	3.65
	67%
	17%

	
	4x2,MU-CoMP (CRS shift)
	3.43
	57%
	10%

	Cell-edge performance
 [bps/Hz]
	4x2, SU-MIMO
	0.240
	0%
	-

	
	4x2,MU-MIMO
	0.519
	119%
	0%

	
	4x2,MU-CoMP
	0.555
	138%
	7%

	
	4x2,MU-CoMP (CRS shift)
	0.520
	124%
	3%


Table 5. DL simulation results in Case 1, 4x2, L=3, co-polarized, 2UE/sector
	DL Cases
	Ant. Config
	Simulation Results
	Gain over SU-MIMO
	Gain over MU-MIMO

	Average spectral 
efficiency [bps/Hz/cell]
	4x2, SU-MIMO
	2.28
	0%
	-

	
	4x2,MU-MIMO
	3.21
	41%
	0%

	
	4x2,MU-CoMP
	3.79
	66%
	18%

	
	4x2,MU-CoMP (CRS shift)
	3.56
	56%
	11%

	Cell-edge performance
 [bps/Hz]
	4x2, SU-MIMO
	0.318
	0%
	-

	
	4x2,MU-MIMO
	0.527
	63%
	0%

	
	4x2,MU-CoMP
	0.572
	74%
	7%

	
	4x2,MU-CoMP (CRS shift)
	0.537
	64%
	3%


4. DL results in ITU UMi 
Without loss of generality, we choose ITU UMi where the inter-site distance (200m) is smaller than Case 1 (500m) as another scenario to evaluate the CoMP performance. The results in UMi are listed in Table 6 below. The average spectral efficiency gain over SU-MIMO and MU-MIMO is 68%-78% and 38%-47%, respectively; The cell edge spectral efficiency gain from CoMP over SU-MIMO and MU-MIMO is 142%-157% and 28%-36%, respectively.
Table 6. DL simulation results in ITU UMi, 4x2, L=3, cross-polarized, 10UE/sector
	DL Cases
	Ant. Config
	Simulation Results
	Gain over SU-MIMO
	Gain over MU-MIMO

	Average spectral 
efficiency [bps/Hz/cell]
	4x2, SU-MIMO
	2.07
	0%
	-

	
	4x2,MU-MIMO
	2.51
	21%
	0%

	
	4x2,MU-CoMP
	3.69
	78%
	47%

	
	4x2,MU-CoMP (CRS shift)
	3.47
	68%
	38%

	Cell-edge performance
 [bps/Hz]
	4x2, SU-MIMO
	0.053
	0%
	-

	
	4x2,MU-MIMO
	0.100
	89%
	0%

	
	4x2,MU-CoMP
	0.136
	157%
	36%

	
	4x2,MU-CoMP (CRS shift)
	0.128
	142%
	28%


5. Conclusion 
Evaluation results show that intra-eNB CoMP has a significant gain over SU-MIMO/MU-MIMO in both high load and low load cases in DL. Considering implementation complexity and performance evaluation, intra-eNB CoMP is a promising scheme which should be included in LTE-A.
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7. Appendix
Table 7. Simulation models and assumptions

	Parameters
	Assumptions

	Scenarios
	3GPP Case 1 and ITU UMi

	Antenna Pattern
	3D Pattern defined in 36.814, Am = 25dB for 3GPP Case 1 and Am = 20dB for ITU UMi

	Antenna downtilt
	15 degrees for 3GPP Case 1 and 12 degrees for ITU UMi

	Channel Model
	SCM-UMa high spread for 3GPP Case 1 and ITU UMi channel for UMi

	Duplex method and bandwidths
	TDD:  20 MHz, DL/UL = 3:2

Special subframe: DwPTS 11symbol, GP 1 symbol, UpPTS 2 symbol

	Network synchronization
	Synchronized

	Handover margin
	1.0 dB

	Downlink transmission scheme 
	· Release 8 codebook based SU-MIMO

· Release 9 sounding based MU-MIMO G
· Intra-eNB CoMP-JP (3 cell cooperation)

	Downlink scheduler
	Proportional Fair in Time and Frequency

	Downlink link adaptation
	· Non-frequency selective PMI and frequency selective CQI report with 5ms periodicity, subband CQI with measurement error: N(0,1) per PRB for Rel. 8 codebook-based precoding

· Sounding-based precoding, 5ms sounding period, frequency selective CQI report with 5ms periodicity, subband CQI with measurement error: N(0,1) per PRB for MU-MIMO

	Downlink HARQ scheme
	CC

	Receiver type
	MMSE with IRC

	Number of antennas at eNB/UE
	2x2 and 4x 2

	Antenna configuration

	Config.1
   eNB: cross-polarized (0.5  spacing)
   UE: cross-polarized antennas (0.5  spacing)
Config.3
   eNB: co-polarized (0.5  spacing)
   UE: co-polarized antennas (0.5  spacing)

	SRS and DM-RS Channel estimation
	Non-ideal, 2D LMMSE

	Control channel errors
	None

	Spectrum efficiency calculation
	UL spectrum efficiency for TDD = UL throughput / (TDD bandwidth * (14+14+2)/ (14+14+14+14+13)), DL spectrum efficiency for TDD = DL throughput / (TDD bandwidth * (14+14+11)/(14+14+14+14+13)),   GP is not active for both UL and DL; UpPTS is active for UL.

	DL overhead
	See Table 1

	UL overhead
	8% of all RBs for PUCCH, 2 DM-RS symbols per TTI, 2 UpPTS symbols for sounding
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