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1. Introduction

In this contribution, evaluation results are presented for Uplink CoMP and compared with single-cell MU-MIMO results according to Scenario 2 of the CoMP Simulation Assumptions contained in [1]. The results show the Uplink CoMP has a significant gain for both the cell and the cell-edge user spectral efficiency compared to single-cell MU-MIMO for the evaluated deployment scenario.
2. Uplink CoMP results
In this section, the summary of the evaluation results for Uplink CoMP are presented and compared with single-cell MU-MIMO. According to [1], a homogeneous network with high Tx power RRHs is assumed for CoMP. The central entity coordinates 9 cells according to the layout in Figure A1 of [1]. The interfering signals from all UEs in the network are explicitly modeled for both single-cell MU-MIMO and CoMP. The assumed simulation case is 3GPP Case 1 with high angular spread (15 degrees). The simulation results are provided for FDD with system bandwidth equal to 10 MHz (2x10 MHz FDD). For both single-cell and CoMP, MU-MIMO operation is evaluated. Each UE and each high-power RRH is equipped with 2 and 4 closely-spaced (inter-element distance equal to 0.5 λ), vertically polarized antennas, respectively (2x4 antenna configuration). The eNB antenna pattern and antenna tilt are as in [1]. 
Joint processing (JP) is assumed for all CoMP results (joint reception) with iterative scheduling; simulation results with 2 and 4 iterations are presented in this contribution. The detailed system model for UL JP-CoMP is described in [2]. Channel sounding is explicitly modeled based on SRS with periodicity equal to 5 ms with the channel estimates from the SRS symbols being used for link adaptation. In the case of CoMP, SRS is also used to estimate the channels from each UE to its potential cooperating (reception) cells according to the CoMP set the UE belongs to. A channel estimate from subframe n can be used for link adaptation in subframe n+7, i.e., the CQI application delay is 7 ms. Fractional power control is modeled in the simulation with parameter α being equal to 0.8 and P0 being fitted to each simulation scenario so that the average IoT does not exceed 10 dB. The impact of channel estimation errors due to the use of DMRS symbols is also included in the simulation results. Regarding the UL overhead, 8% of all RBs are used for PUCCH transmission, 2 DMRS symbols are assumed per TTI (1 ms), and 2 SRS symbols per frame are modeled. Finally, all simulation results are provided for full-buffer traffic and the MMSE receiver – per eNB in the case of single-cell MU-MIMO and per central entity in the case of CoMP. The summary of the simulation assumptions are given in the Appendix.    

Table 1 summarizes the uplink evaluation results for Scenario 2 of the CoMP Simulation Assumptions [1]. 
Table 1. UL evaluation results for Scenario 2 [1]
	
	Cell spectral efficiency 

(b/s/Hz)
	Cell-edge user spectral efficiency (b/s/Hz/user)

	Single-cell MU-MIMO
	1.91
	0.065

	CoMP (2 scheduler iterations)
	2.15
	0.078

	CoMP (4 scheduler iterations)
	2.19
	0.083


According to the results of Table, UL CoMP offers 12.6% cell spectral efficiency and 20% cell-edge user spectral efficiency gain over single-cell MU-MIMO for 2 scheduler iterations. Those gains are increased to 14.7% and 27.7% when 4 iterations are assumed during scheduling, i.e., increasing the number of scheduler iterations seems to have a positive effect mostly for the performance of cell-edge UEs in the network.   
3. Conclusion
It is seen that the LTE/LTE-A can reach the 3GPP targets in both downlink and uplink, and for all antenna configurations.
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5. Appendix
Table 2: Summary of simulation assumptions
	Parameter
	Values used for evaluation

	Performance metrics
	Full buffer traffic: Cell capacity, Cell-edge user throughput

	Deployment scenarios
	·  Scenario 2: Homogeneous network with high Tx power RRHs

·  The central entity coordinates 9 cells

·  Interference from all signals out of the coordinated area is explicitly modeled

	Simulation case
	3GPP-Case1 

	High power RRH Tx power (Ptotal)
	46 dBm (10 MHz carrier)

	Number of UEs per cell
	10

	System bandwidth
	10 MHz 

	UL transmission scheme
	·  MU-MIMO for single-cell
·  Joint processing (reception) for CoMP

	Impairment modeling
	·  PUCCH overhead

·  SRS overhead and error

·  DMRS overhead and error 

	Network synchronization
	Synchronized

	Number of antennas at reception point
	4 antennas per high-power RRH; 36 antennas per cooperating entity

	Number of antennas at UE
	2 antennas (2 columns, vertically-polarized, closely-spaced: | |) 

	Antenna configuration
	For macro eNB and high power RRH: 4 antennas (4 columns, vertically-polarized, closely-spaced: | | | |)

	Antenna pattern
	3D (see Annex A 2.1.1.1 Table A.2.1.1-2 in TR36.814)

	eNB Antenna tilt
	15 degrees

	Antenna gain + connector loss
	14 dBi

	Feedback scheme (e.g. CQI/PMI/RI/SRS)
	·  8% of all RBs PUCCH 
·  2 DMRS symbols per TTI 
·  2 SRS symbols per frame (5 ms periodicity)

	Channel estimation
	·  Non-ideal
·  Based on SRS for link adaptation (CQI/PMI calculation and scheduling)

·  Based on DMRS for demodulation

	eNB/central entity receiver
	MMSE receiver (use of average interference covariance matrix per scheduler allocation of 5 RBs)

	Placing of UEs
	Uniform distribution 

	Traffic model
	Full buffer 

	Backhaul assumptions
	Zero latency and infinite capacity 

	Link adaptation
	·  Non-ideal, based on SRS (SRS error explicitly modeled)

·  CQI application delay equal to 7 ms

	Scheduler
	Proportional fair, frequency-selective (granularity of 5 RBs)

	Power control
	Fractional power control, α=0.8; P0 fitted to each simulation scenario so that the average IoT does not exceed 10 dB 

	HARQ scheme
	Chase combining

	Outer-loop CQI control
	10% PER for 1st transmission


