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1. Introduction

In RAN1#66 meeting CoMP SI has been finished and joint transmission (JT) CoMP scheme was recommended for specification in Rel-11 [1]. One of the important parameters of JT scheme is a coherence of the PDSCH transmission, which can be achieved by utilizing inter-node channel state information (CSI). So far, most of the CoMP performance study was based on coherent JT scheme. However, there was no performance assessment for non coherent JT schemes without inter-node CSI. Additionally some practical impairments (e.g. propagation delay difference) potentially affecting the performance gains of coherent JT were optionally considered in the CoMP evaluations. Therefore in order to provide a more detailed recommendation on specification of JT CoMP scheme a performance comparison of coherent and non-coherent JT is provided in this contribution for MU-MIMO transmission mode with consideration of the practical impairments.
2. Practical impairments
It has been found in contribution [2,3] that at least the following practical impairments affect the efficiency of coherent JT schemes:
· Propagation delay difference 

· CSI measurements accuracy

Propagation delay (or propagation distance) difference is one of the optional impairments specified in evaluation methodology that may have a negative impact on the performance of coherent JT CoMP schemes [2]. Depending on the position of the UE the arrival time of the signal transmitted by each cooperating point may be different, adding the frequency selectivity to the composite channel. The propagation delay difference can be also considered as a frequency dependent phase shift for the component channels which will require accurate inter-node phase information available for different parts of the total frequency bandwidth. 
As illustrated in Figure 1, the propagation delay difference for CoMP UEs depends on the deployment scenario. It can be seen, that in Scenario-1 the JT CoMP performance is not sensitive to this impairment due to co-located antenna configuration, while in Scenario 2 and 3, 4 the expected impact should be more significant. For example, the propagation delay difference 0.55 µs (propagation distance difference ~170 meters) may results to the substantial phase changes (from 0 to π) for the component channels within 6 PRBs sub band that makes the task of coherent JT transmission very difficult. Therefore propagation delay impairment should be considered to assess the performance benefit of coherent over non-coherent JT CoMP.
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Figure 1. CDF of propagation distance for different CoMP scenarios
Another practical impairment considered in this contribution is a CSI measurement error. It has been found in [3] that coherent JT scheme is very sensitive to such type of the impairments. Therefore CSI error measurements using CSI-RS should be also considered to assess the performance benefit of coherent and non-coherent JT CoMP.
It should be noted that other practical impairments such as phase noise, frequency offset may lead to additional performance loss of coherent JT. However due to lack of simulation models and agreed simulation parameters were not considered in this contribution.
3. Performance evaluation of JT CoMP
The system level performance analysis of JT CoMP schemes is provided in this section for MU-MIMO transmission scheme and Scenario 3, 4. Scenario 3, 4 incorporates both propagation delay (due to distributed antenna configuration) and CSI measurement error impairments. It is assumed that the four low power Tx nodes are deployed in each geographical area of overlay high Tx power macro node. For evaluation of HetNet (heterogeneous networks) with CoMP, 30 UEs were placed in each macro cell layout in accordance to the dropping configuration 1 (uniform dropping) or configuration 4b (clustered dropping). Coordination over 15 nodes (3 high Tx power, 12 low Tx power) was considered.
It is assumed that all UEs report the conventional MIMO feedback which includes CQI, RI and PMI of the serving node. The UEs configured in JT CoMP additionally report PMI and CQI for the cooperating node(s). In this case CQI and PMI are restricted to rank-1, calculated for the same receiving beamforming and account interference only for non cooperating nodes, (i.e. outside of CoMP measurement set). For coherent JT CoMP scheme the relative phase difference (quantized by 2-bits codebook {1, -1, j, -j}) between component channels is additionally transmitted for each frequency subband to co-phase antenna elements of cooperating nodes. For non coherent JT CoMP scheme no inter-node CSI is reported. Maximum of three nodes (including serving node) are considered for cooperation.
CSI-RS configurations supporting CoMP measurements in Scenario 3 and 4 for 4Tx antennas are depicted in Figure 2. 
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Figure 2. CSI-RS configurations for Scenario 3, 4 and 4Tx antennas
The summary of CoMP evaluation is shown in the Tables 1 for system with and without practical impairments considered above. The JT MU-MIMO transmission scheme was considered for evaluations. The simulation parameters and assumptions are aligned with CoMP evaluation methodology and listed in the Appendix.
Table 1. Performance analysis of coherent and non coherent JT MU-MIMO schemes
	Scenario
	UE Dropping
	Average SE
	Cell Edge SE
	Average SE
	Cell Edge SE

	
	
	Without impairments
	With impairments

	SU/MU-MIMO
	Uniform
	2.06 (0%)
	0.048 (0%)
	1.96 (0%)
	0.045 (0%)

	SU/MU-JT 0 bits
	Uniform
	1.85 (-10.1%)
	0.039 (-18.0%)
	1.81 (-7.8%)
	0.037 (-17.0%)

	SU/MU-JT 2 bits
	Uniform
	2.14 (4.0%)
	0.060 (26.0%)
	2.09 (6.5%)
	0.056 (25.5%)

	SU/MU-MIMO
	Clustered
	2.33 (0%)
	0.082 (0%)
	2.28 (0%)
	0.079 (0%)

	SU/MU-JT 0 bits
	Clustered
	2.19 (-6.0%)
	0.074 (-9.9%)
	2.15 (-6.0%)
	0.076 (-3.8%)

	SU/MU-JT 2 bits
	Clustered
	2.68 (15.1%)
	0.125 (52.1%)
	2.61 (14.2%)
	0.106 (34.2%)


In this simulation, we have the following observations:
Observations:
· Non coherent JT CoMP scheme shows performance loss comparing to the baseline system in the scenarios with and without practical impairments
· Coherent JT CoMP scheme shows performance gains comparing to the baseline system in the scenarios with and without practical impairments
· Coherent JT CoMP gains is smaller for the scenario with practical impairments than in scenario without practical impairments
Based on the observations above the following proposal can be made.

Proposal: Coherent MU-MIMO JT CoMP scheme should be considered for standardization.
4. Conclusions

In this contribution, the performance results of coherent and non coherent JT MU-MIMO schemes are provided for full buffer traffic model. The evaluation shows that coherent JT CoMP schemes provide performance benefits for the system with and without practical impairments and outperforms non coherent JT CoMP scheme. Therefore coherent MU-MIMO JT should be recommended for specification in Rel-11.
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Appendix

	Parameters 
	Assumption 

	Channel model
	ITU UMa/UMi

	System BW 
	FDD 10MHz 

	Number of UEs, Number of Tx points 
	(1710, 285) 

	Number of antennas at UE,  Number of antennas at Tx Point 
	 (2, 4)

	Maximum number of  feedback set
Tx node selection RSRP threshold

Tx Point selection RSRP node/RSRP interference 
	(3, 10dB, -3dB) 

	Antenna configuration 
	eNB: co-polarized

UE: co-polarized 

	Transmission scheme
	 MU-MIMO JT CoMP

	Outer loop for target FER control 
	10% PER for 1st transmission 

	Link adaptation 
	MCSs based on LTE transport formats 

	HARQ scheme 
	CC

	DL overhead
	30.95% 

	Handover Margin 
	1 dB 

	Initial transmission + Maximum number of retransmissions
	4 

	Feedback and control channel errors 
	No Error 

	Scheduler 
	Greedy search algorithm based on PF metric 

	UE speed
	3kmph 

	Scheduling granularity 
	5 PRBs 

	Traffic load 
	Full buffer

	Maximum Rank per UE 
	1 for MU-MIMO

	Maximum number of UEs in MU-MIMO
	2 

	Receiver type 
	Interference unaware MMSE (option 1 in R1-110586) 

	Feedback periodicity 
	10ms 

	CQI & PMI feedback granularity in frequency
	5 PRBs

	PMI feedback 
	Rel.-10 LTE codebook 
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