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1. Introduction

In the last meeting, the evaluation scenarios and assumptions for intra-eNB CoMP were agreed. This paper presents performance evaluation for UL intra-eNB CoMP which shows that the UL intra-eNB CoMP can bring significant gains to both the average cell throughput and the 5% of user throughput.
2. Assumptions and results 
We evaluate 4 UL transmission schemes including SU-SIMO, virtual-MIMO, SU-CoMP and MU-CoMP. Each user has only one transmitting antenna and each cell has 2 or 4 receiving antennas. MRC/IRC receivers are assumed for SU-SIMO and MMSE with IRC is assumed for the other three schemes. 2 users in one cell are paired to form a virtual-MIMO system. For SU-CoMP case, 3 users within the same site and the corresponding 3 cells of this site form a ‘big’ 6x3 or 12x3 MIMO system where the three cells perform a joint reception of the data from the 3 users; while for MU-CoMP case, 6 users within the same site and the corresponding 3 cells of this site form a ‘bigger’ 6x6 or 12x6 MIMO system where the three cells perform a joint reception of the data from the 6 users. The DMRS overhead for all the four UL schemes is assumed the same, that is, 2 symbols per TTI (14.3%). The PUCCH overhead is assumed to be 8%, i.e., 8 PRBs out of 100 PRBs in 20MHz bandwidth. Note that there is no special timing advance issue here due to intra-site CoMP. Other assumptions and overhead can be found in Table 5 in Appendix.

The UL results for 4x1 cross-polarized and co-polarized antennas are shown in Table 1 and Table 2, respectively. Compared with SU-SIMO-MRC with 4x1 cross-polarized antennas, the average spectral efficiency gain from SU-SIMO-IRC, virtual-MIMO, SU-CoMP and MU-CoMP are 33%, 117%, 74% and 136% and the cell edge spectral efficiency gain from SU-SIMO-IRC, virtual-MIMO, SU-CoMP and MU-CoMP are 44%, 34%, 93% and 89%. The MU-CoMP gain over virtual-MIMO is 9% and 42%, for average spectral efficiency and cell edge spectral efficiency. The similar phenomenon can be observed with 4x1 co-polarized antennas. 

The results for 2x1 cross-polarized and co-polarized antennas are shown in Table 3 and Table 4, respectively. Compared with SU-SIMO-MRC with 2x1 cross-polarized antennas, the average spectral efficiency gain from SU-SIMO-IRC, virtual-MIMO and SU-CoMP are 15%, 70% and 88% and the cell edge spectral efficiency gain from SU-SIMO-IRC, virtual-MIMO and SU-CoMP are 41%, -6% and 101%. The SU-CoMP gain over virtual-MIMO is 10% and 115%, for average spectral efficiency and cell edge spectral efficiency. The similar phenomenon can be observed with 2x1 co-polarized antennas. 
Table 1. UL simulation results in Case 1, 4x1, cross-polarized, 10UE/sector
	DL Cases
	Ant. Config
	Simulation Results
	Gain over SU-SIMO-MRC

	Average spectral 
efficiency [bps/Hz/cell]
	SU-SIMO,MRC
	1.16
	0%

	
	SU-SIMO,IRC
	1.54
	33%

	
	Virtual-MIMO
	2.51
	117%

	
	SU-CoMP
	2.01
	74%

	
	MU-CoMP
	2.73
	136%

	Cell-edge performance
 [bps/Hz]
	SU-SIMO,MRC
	0.036
	0%

	
	SU-SIMO,IRC
	0.052
	44%

	
	Virtual-MIMO
	0.048
	34%

	
	SU-CoMP
	0.069
	93%

	
	MU-CoMP
	0.068
	89%


Table 2. UL simulation results in Case 1, 4x1, co-polarized, 10UE/sector
	DL Cases
	Ant. Config
	Simulation Results
	Gain over SU-SIMO-MRC

	Average spectral 
efficiency [bps/Hz/cell]
	SU-SIMO,MRC
	1.22
	0%

	
	SU-SIMO,IRC
	1.55
	28%

	
	Virtual-MIMO
	2.55
	110%

	
	SU-CoMP
	2.05
	69%

	
	MU-CoMP
	2.80
	130%

	Cell-edge performance
 [bps/Hz]
	SU-SIMO,MRC
	0.037
	0%

	
	SU-SIMO,IRC
	0.053
	43%

	
	Virtual-MIMO
	0.057
	53%

	
	SU-CoMP
	0.081
	120%

	
	MU-CoMP
	0.077
	107%


Table 3. UL simulation results in Case 1, 2x1, cross-polarized, 10UE/sector
	DL Cases
	Ant. Config
	Simulation Results
	Gain over SU-SIMO-MRC

	Average spectral 
efficiency [bps/Hz/cell]
	SU-SIMO,MRC
	0.79
	0%

	
	SU-SIMO,IRC
	0.91
	15%

	
	Virtual-MIMO
	1.34
	70%

	
	SU-CoMP
	1.48
	88%

	Cell-edge performance
 [bps/Hz]
	SU-SIMO,MRC
	0.021
	0%

	
	SU-SIMO,IRC
	0.030
	41%

	
	Virtual-MIMO
	0.020
	-6%

	
	SU-CoMP
	0.043
	101%


Table 4. UL simulation results in Case 1, 2x1, co-polarized, 10UE/sector
	DL Cases
	Ant. Config
	Simulation Results
	Gain over SU-SIMO-MRC

	Average spectral 
efficiency [bps/Hz/cell]
	SU-SIMO,MRC
	0.83
	0%

	
	SU-SIMO,IRC
	0.93
	12%

	
	Virtual-MIMO
	1.35
	63%

	
	SU-CoMP
	1.51
	82%

	Cell-edge performance
 [bps/Hz]
	SU-SIMO,MRC
	0.026
	0%

	
	SU-SIMO,IRC
	0.032
	22%

	
	Virtual-MIMO
	0.021
	-18%

	
	SU-CoMP
	0.051
	93%


3. Conclusion 
System-level simulation results show that intra-eNB CoMP has a significant gain over SU-SIMO in UL and intra-eNB CoMP also outperforms UL virtual-MIMO. Considering implementation complexity and performance evaluation, intra-eNB CoMP is a promising scheme which should be included in LTE-A. 
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5. Appendix
Table 5. Simulation models and assumptions

	Parameters
	Assumptions

	Scenarios
	3GPP Case 1, 19 sites, wrap arround

	Antenna Pattern
	3D Pattern defined in 36.814, Am = 25dB

	Antenna downtilt
	15 in degree

	Channel Model
	SCM-UMa high spread

	Number of users per sector
	10

	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

	Uplink transmission scheme 
	SU-SIMO, virtual-MIMO, SU-CoMP and MU-CoMP

	Receiver type
	MRC/ICR for SU-SIMO and MMSE with intercell interference suppression capabilities for virtual-MIMO, SU-CoMP and MU-CoMP

	Uplink scheduler
	Quality-based Frequency Domain Multiplexing

	Uplink Power control
	Fractional power control.
Power control parameters (P0 and alpha) are chosen according to the deployment scenario. (IoT<=10dB.)

	Uplink HARQ scheme
	CC

	Number of antennas at eNB
	4 and 2

	Number of antennas at UE
	1

	Antenna configuration

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

	Channel estimation
	Non-ideal

	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.

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