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1. Introduction
In previous 66bis meeting, a CoMP working assumption is agreed as described below. As stated in the accompanied contribution [4], per-CSI-RS-resource feedback is a good starting point since this CoMP feedback framework is scalable to the current and potential various CoMP scenarios and to diverse CoMP transmission schemes. In this contribution, we evaluate JT performance based on per-CSI-RS-resource feedback with different inter-CSI-RS-resources, i.e., relative phase information, aggregated CQI for JT, and the both.
Working assumption:

· Standardise a common feedback/signalling framework suitable for scenarios 1-4 that can support CoMP JT, DPS and CS/CB. 

· Feedback scheme to be composed from one or more of the following, including at least one of the first 3 sub-bullets:

· feedback aggregated across multiple CSI-RS resources 

· per-CSI-RS-resource feedback with inter-CSI-RS-resource feedback

· per-CSI-RS-resource feedback

· per cell Rel-8 CRS-based feedback 

2. Simulation results
2.1. MU-JT with relative phase information
In  this section, we compare MU-JT performance and MU-MIMO performance under per-CSI-RS-resource feedback with inter-CSI-RS-resource information, varing the resolution of relative phase information among PMIs from 0 to 3bits. We note that, in the case of MU-JT performance evaluation, aggregated CQI is not treated since the effectiveness of it detracts. In other words, in the process that  eNB manipulates its transmit beams considering MU-scheduled UEs’ channel, phase difference among multiple channels varies randomly from that on which UE calcualtes aggregated CQI based.
Observation 1:

 In the case of non-coherent MU-JT, or 0bit phase information, sector throughput is less than that of MU-MIMO since eNB is not able to calculate proper transmit beams based on reported PMIs in which SU-MIMO is assumed. To be specific, the eNB conducts ZF Tx beamforming based on a composite channel, component channels of which probably have considerably different phase, thus generating incorrect Tx beams. Therefore, for MU-JT, phase correctors should be fed back from UE.
Proposal 1:

For MU-JT, phase correctors should be fed back from UE.
Observation 2:

MU-JT with greater than 1 bits phase information achieves greater performance than MU-MIMO in the perspective of both sector throughput and 5 % tile UE throughput. Also, we note that the performance of MU-JT with greater than 3 bits phase information is almost saturated. Accordingly, considering tradeoff between feedback overhead and performance gain, 2 or 3 bits phase information is suitable.
Proposal 2:

2 or 3 bits phase information per CSI-RS-resource is suitable.
Table 1. MU-JT gain with phase info. over MU-MIMO
	Simulation
Configuration
	Sector Tput
[kbps]
	UE Tput
(5%)
[kbps]
	Sector Tput
Gain[%]
	5% UE Tput
Gain[%]

	(4x2), Co-Pol, MUMIMO
	22133
	694
	N/A
	N/A

	(4x2), Co-Pol, MUJT w/ 0bits phase info.
	20675
	724
	-6.6 
	4.3 

	(4x2), Co-Pol, MUJT w/ 1bits phase info.
	22154
	917
	0.1 
	32.1 

	(4x2), Co-Pol, MUJT w/ 2bits phase info.
	23091
	975
	4.3 
	40.5 

	(4x2), Co-Pol, MUJT w/ 3bits phase info.
	23390
	1000
	5.7 
	44.1 

	(2x2), Co-Pol, MUMIMO
	15911
	476
	N/A
	N/A

	(2x2), Co-Pol, MUJT w/ 0bits phase info.
	14517
	514
	-8.8 
	8.0 

	(2x2), Co-Pol, MUJT w/ 1bits phase info.
	15465
	626
	-2.8 
	31.5 

	(2x2), Co-Pol, MUJT w/ 2bits phase info.
	16306
	686
	2.5 
	44.1 

	(2x2), Co-Pol, MUJT w/ 3bits phase info.
	16592
	701
	4.3 
	47.3 

	(4x2), X-Pol, MUMIMO
	20014
	613
	N/A
	N/A

	(4x2), X-Pol, MUJT w/ 0bits phase info.
	17941
	610
	-10.4 
	-0.5 

	(4x2), X-Pol, MUJT w/ 1bits phase info.
	19431
	759
	-2.9 
	23.8 

	(4x2), X-Pol, MUJT w/ 2bits phase info.
	20264
	829
	1.2 
	35.2 

	(4x2), X-Pol, MUJT w/ 3bits phase info.
	20517
	844
	2.5 
	37.7 

	(2x2), X-Pol, MUMIMO
	16847
	434
	N/A
	N/A

	(2x2), X-Pol, MUJT w/ 0bits phase info.
	14595
	464
	-13.4 
	6.9 

	(2x2), X-Pol, MUJT w/ 1bits phase info.
	15791
	552
	-6.3 
	27.2 

	(2x2), X-Pol, MUJT w/ 2bits phase info.
	16832
	593
	-0.1 
	36.6 

	(2x2), X-Pol, MUJT w/ 3bits phase info.
	17189
	613
	2.0 
	41.2 


2.2. SU-JT with various inter-CSI-RS-resource feedback
In  this section, we compare SU-JT performance and SU-MIMO performance in the case where UE feeds per-CSI-RS-resource CSI with various inter-CSI-RS-resource feedback, which is relative phase information among per-CSI-RS-resource PMIs, aggregated CQI derived under the assumption of JT, or the both. As described in Table 3, in our SU-JT simulation, CoMP UE always reports RI=1 and non-CoMP UE can set RI up to 2. An observation based on this simulation results is as follows:
Observation 3:

The three types of inter-CSI-RS-resource feedback, which are relative phase information among per-CSI-RS-resource PMIs, aggregated CQI derived under the assumption of JT, and the both, respectively, provide similar performance gain. The simulation results show that 5% tile UE throughput gain of SU-JT with phase information is 1~4% greater than that of SU-JT with aggregated CQI but, in terms of average sector throughput, aggregated CQI is slightly more beneficial. However, applying both aggregated CQI and  phase information does not provide additional gain. This is because 3bits phase information gurantees that eNB accurately compensates phase difference among multiple transmission points, resulting that compensated CQI at an eNB side under the assumption of perfectly coherent JT significantly approximates aggregated CQI. 

Table 2. SU-JT gain with 3 bits phase info/agg CQI/ 3 bits phase info & agg CQI over SU-MIMO 

	Simulation
Configuration
	Sector Tput
[kbps]
	UE Tput
(5%)
[kbps]
	Sector Tput
Gain[%]
	5% UE Tput
Gain[%]

	(4x2), Co-Pol, SUMIMO
	18415
	527
	N/A
	N/A

	(4x2), Co-Pol, SUJT w/ phase info.
	19072
	648
	3.6 
	23.0 

	(4x2), Co-Pol, SUJT w/ agg CQI
	19183
	630
	4.2 
	19.5 

	(4x2), Co-Pol, SUJT w/ phase info & agg CQI
	19088
	638
	3.7 
	21.1 

	(2x2), Co-Pol, SUMIMO
	15169
	412
	N/A
	N/A

	(2x2), Co-Pol, SUJT w/ phase info.
	16048
	505
	5.8 
	22.6 

	(2x2), Co-Pol, SUJT w/ agg CQI
	16139
	488
	6.4 
	18.4 

	(2x2), Co-Pol, SUJT w/ phase info & agg CQI
	16085
	500
	6.0 
	21.4 

	(4x2), X-Pol, SUMIMO
	21704
	511
	N/A
	N/A

	(4x2), X-Pol, SUJT w/ phase info.
	21113
	565
	-2.7 
	10.6 

	(4x2), X-Pol, SUJT w/ agg CQI
	21238
	561
	-2.1 
	9.8 

	(4x2), X-Pol, SUJT w/ phase info & agg CQI
	21116
	565
	-2.7 
	10.6 

	(2x2), X-Pol, SUMIMO
	17177
	386
	N/A
	N/A

	(2x2), X-Pol, SUJT w/ phase info.
	17243
	430
	0.4 
	11.4 

	(2x2), X-Pol, SUJT w/ agg CQI
	17333
	416
	0.9 
	7.8 

	(2x2), X-Pol, SUJT w/ phase info & agg CQI
	17264
	427
	0.5 
	10.6 


3. Conclusion
In this contribution, we evaluate JT performance based on per-CSI-RS-resource feedback with inter-CSI-RS-resources feedback. 
Proposal 1:

For MU-JT, phase correctors should be fed back from UE.

Proposal 2:

2 or 3 bits phase information per CSI-RS-resource is suitable.
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Appendix A. Simulation Assumptions
Table 3. Simulation Assumptions

	Parameters 
	Assumption 

	CoMP scenario
	Scenario 2, CoMP cluster of 9 cells

	Channel model 
	ITU UMi 

	System BW 
	FDD 10MHz 

	# of UEs, # of cells 
	(570, 57) 

	# of antennas at UE,  # of antennas at Transmission Point 
	(2, 4)/ (4, 4)

	Maximum number of  feedback set,
TP selection RSRP threshold
 
	(3, 10dB) 

	Antenna configuration 
	eNB: co-polarized (0.5 spacing) or x-polarized (0.5 spacing) 

UE: co-polarized antennas or x-polarized 

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

	link adaptation 
	MCSs based on LTE transport formats according to TR 36.213 

	HARQ scheme 
	IR 

	DL overhead 
	3.8 OFDM symbols per RB for 4Tx, 3.7 for 2Tx with CSI-RS muting 

3.667 OFDM symbols per RB for 4Tx, 3.6333 for 2Tx w/o CSI-RS muting

 - PDCCH overhead : (4/10subframes * 3 symbol + 6/10subframes * 2 ) 

 - DRS overhead : 12RE/RB.   CRS overhead : 4/10subframes*6RE/RB

 - CSI-RS overhead : 2/10subframes * (#TxAnt) RE/RB * (Reuse Factor) 

	Handover Margin 
	1 dB 

	Maximum number of Retransmissions 
	4 

	Feedback & Control channel errors 
	No Error 

	Scheduler 
	Greedy search algorithm based on PF metric 

	Velocity of UEs 
	3km/hr 

	Scheduling granularity 
	Per RB 

	Traffic load 
	Full buffer

	Maximum Rank per UE 
	SU-JT simulation: 1 per CoMP UE, 2 per non-CoMP UE

MU-JT simulation: 1 per CoMP UE, 1 per non-CoMP UE

MU-MIMO simulation: 1 per UE

SU-MIMO simulation: 2 per UE

	Maximum # of SDMA UE per sector 
	2 for MU-MIMO

	Receiver type 
	MMSE (option 1 of R1-110586) 

	Channel estimation (DM-RS) 
	Real 

	Channel estimation (CSI-RS) 
	Real 

	CQI quantization granularity 
	1.892 dB (4 bits) 

	Feedback periodicity 
	5ms 

	Processing delay (after reception of feedback) 
	6ms 

	CQI & CDI feedback granularity 
	6RB sub band 

	Codebook for CDI feedback 
	LTE codebook 

	Phase corrector among CoMP cell ( in JT case ) 
	0~3 bits (uniform sample of [0 2pi]) 


Please refer to [1,2] for detailed description on detailed simulation setup.






