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1. Introduction
CoMP WI has been started in RAN1 #66bis meeting and the following assumption for DL CoMP CSI feedback design principles has been made [1] :
“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 

Note that use of SRS may be taken into account when reaching further agreements on the above. ”

In this contribution, we discuss the necessity of inter-CSI-RS-resource feedback and evaluate SU-JT performance under per-CSI-RS-resource feedback with inter-CSI-RS-resource information, varying the resolution of relative phase information among PMIs from 1 to 4bits.
2. Need for inter-CSI-RS-resource feedback

In last meeting, it was agreed that CSI feedback for CoMP uses at least per-CSI-RS-resource feedback. However, whether the inter-CSI-RS-resource feedback should be needed or not was not aligned. Since coherent JT targets coherent combining at UEs and requires the knowledge of a phase difference between the channels of coordinating transmission points, inter-CSI-RS-resource feedback at least phase information is needed to guarantee coherent combining of the signals when operating coherent JT. Considering the shortcomings of aggregated PMI feedback, inter-CSI-RS-resource feedback is more effective to support relative phase adjustment.
Here we analyzed the impact of whether inter-CSI-RS-resource feedback is supported and phase information accuracy on the performance of SU-JT, varying the resolution of relative phase information among PMIs from 1 to 4bits.
2.1. Assumption for evaluation

The simulation is implemented with scenario 1, and the CoMP measurement set is configured according to RSRP. Any other transmission points whose RSRP value is higher than serving cell’s RSRP within a threshold can be included into the CoMP measurement set. In our simulation, the maximum CoMP set size is 2.

For per-CSI-RS-resource feedback, besides per-CSI-RS-resource PMI, per-CSI-RS-resource CQI with interference out of CoMP transmission points is also feedback to provide channel quality of each CSI-RS-resource. The inter-point phase information for each CoMP UE is determined based on their CSI measurement on CoMP set, assuming that all points in the set are transmitting points. That is, if a CoMP UE is scheduled as JT mode, all points in the CoMP set should transmit signal to UE (here restricted to 2 points).  Falling back to single-point operation mode is possible when eNB decides to do so. And if it happens, the CQI is updated by treating the per-CSI-RS-resource CQIs of non-scheduled points as interference to the serving cell [2].

Since the codebook for phase information should be as simple as possible considering standardization effort, the M-PSK codebook is used to report phase information here, which are generally utilized in the performance evaluation of many companies. Inter-CSI-RS-resource amplitude feedback will increase the overhead of inter-CSI-RS-resource feedback and per-CSI-RS-resource CQI can somehow provide relative amplitude information in the case that per-CSI-RS-resource CQI with interference out of CoMP transmission is fed back. Therefore, Inter-CSI-RS-resource amplitude feedback could be avoided under this CQI assumption. 

3. Simulation results
In this section, we analyze the impact of inter-CSI-RS-resource phase information accuracy on the performance of JT, varying the resolution of relative phase information among PMIs from 0 to 4bits. In our simulation, the predetermined threshold 
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is set to 6dB. The rank of CoMP UE is restricted to one here. System level simulation assumptions for scenario 1 used here are listed as follows:
Table 1. Simulation Assumptions
	Parameter
	Assumption

	Deployment model
	Scenario 1

	
	Intra-site 3 cells coordination

	Inter-site distance
	500m

	Load
	Average 10 UE per sector

	Bandwidth
	10MHz

	Total BS TX power (Ptotal)
	46dBm

	Noise figure at UE
	9dB

	Lognormal Shadowing with shadowing standard deviation
	8 dB

	Channel model
	Spatial Channel Model (SCM),Co-pol

	UE speeds of interest
	3Km/h

	Number of antenna elements (BS, UE)
	(2, 2)

	Antenna separation (BS, UE) [times of wavelength]
	(0.5, 0.5) 

	Traffic model
	Full buffer

	Subband size
	5 RBs

	Feedback scheme
	· Per-CSI-RS-resource PMI

· Per-CSI-RS-resource CQI with interference out of CoMP transmission points

	Feedback granularity
	5 RBs subband

	Codebook
	Rel-10 2Tx codebook for per-CSI-RS-resource PMI
M-PSK alphabet codebook for inter-CSI-RS-resource phase information

	HARQ
	Chas-combining;

Maximum 3 transmission times

	Receiver algorithm
	MMSE


In simulation results which are shown in Table 2, we can observe that:

1. Spectral efficiency of CoMP without phase information is less than CoMP with 1~4 bits since eNB is not able to calculate proper direction based on reported PMIs in which SU-MIMO is assumed. Therefore, for JT operation, phase correctors should be fed back from UE. 
2. SU-JT with greater than 1 bits phase information achieves greater performance than baseline and SU-JT with 1 bit phase information in the perspective of both average sector spectral efficiency and 5 % tile UE spectral efficiency. 
3. The performance of SU-JT with greater than 3 bits phase information is kind of saturated. Accordingly, considering tradeoff between performance gain and feedback overhead, 2 or 3 bits phase information is suitable.
One issue is that inter-CSI-RS-resource phase feedback and aggregated CQI may be associated together. In our view, whether aggregated CQI is needed with phase information for CQI gain is depending on the CoMP CQI definition. As per-CSI-RS-resource CQI with interference out of CoMP transmission points is fed back, the post-combining CQI might be roughly calculated at the network side in this assumption. As the per-CSI-RS-resource feedback is generated using Rel.8/10 assumptions, the post-combining CQI is not directly available at the network side and the UE reporting post-combining CQI to the network side can be beneficial to the system performance in this case. 
Table 2. SU-JT performance with relative phase information among PMIs from 0 to 4bits
	
	Average sector SE (bps/Hz)
	Average sector SE Gain
	5% cell-edge UE SE  [bps/Hz]
	5% cell-edge UE SE Gain

	SUMIMO
	1.731
	N/A
	0.0528
	N/A

	SU-JT w/o phase info.
	1.701
	-1.7%
	0.0558
	5.6%

	SU-JT w/ phase info 1 bits
	1.751
	1.2%
	0.0586
	11%

	SU-JT w/ phase info 2 bits
	1.832
	5.8%
	0.0596
	12.9%

	SU-JT w/ phase info 3 bits
	1.837
	6.1%
	0.0619
	17.2%

	SU-JT w/ phase info 4 bits
	1.837
	6.1%
	0.0623
	17.9%


4. Conclusions

In this contribution, we discuss the necessity of inter-CSI-RS-resource feedback and evaluate SU-JT performance under per-CSI-RS-resource feedback with inter-CSI-RS-resource information. Our conclusion can be summarized as follows:

1. Inter-CSI-RS-resource feedback at least phase information is needed to guarantee coherent combining of the signals when operating coherent JT
2. Considering tradeoff between performance gain and feedback overhead, 2 or 3 bits phase information is suitable
3. Whether aggregated CQI feedback is needed to enhance the performance based on per-CSI-RS-resource feedback should be further studied.
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