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1. Introduction
At 3GPP RAN1 #67 meeting, per-CSI-RS-resource CSI feedback was agreed as baseline for CoMP operation. To our understanding, per-CSI-RS-resource CQI feedback is a part of the agreement. In [1], aggregated CQI feedback is analyzed. According to the analysis, aggregated CQI feedback is not suggested. In this contribution, some aspects of CQI definition for CoMP are discussed in detail: 
· Transmission scheme assumption
· Interference assumption

· Receive processing used in CQI calculation
2. Transmission scheme assumption
2.1. CoMP based on channel reciprocity

In [2], TxD based per-CSI-RS-resource CQI was discussed for TDD CoMP, and corresponding CQI feedback schemes were provided. As it is shown in discussion and evaluation results, TxD based per-CSI-RS-resource CQI works well for TDD CoMP. 
Proposal 1: TxD based per-CSI-RS-resource CQI should be adopted for TDD CoMP when applying channel reciprocity.
However, current TxD CQI defined using CRS only is not applicable for all scenarios.  In [3], definition of TxD CQI based on CSI-RS is discussed in detail.
2.2. CoMP based on PMI feedback
CoMP CQI may be considered as optimization in addition to per-CSI-RS-resource CQI. When the CoMP transmission scheme is exactly the same as the assumed scheme, CoMP CQI may offer performance improvement. But when transmission scheme is different from the transmission scheme assumption, CoMP CQI could hardly be helpful for scheduling and link adaptation. To cover possible CoMP transmission schemes, several CoMP CQI need to be included in feedback, and new uplink and/or downlink signaling may be required to indicate possible schemes, which lead to additional standardization effort.

Per-CSI-RS-resource CQI may not be optimal for a specific CoMP scheme. But it could offer acceptable gains with less standardization efforts and higher flexibility. It is questionable whether the additional gain due to accurate CQI with assumption of specific CoMP transmission is worthy of the signaling overhead and standardization efforts.

Proposal 2: CQI with assumption of specific CoMP transmission is not suggested.

3 Interference assumption
In calculation of per-CSI-RS-Resource CQI, the interference assumption used may affect CQI feedback accuracy and post-processing at network. Three alternatives of interference assumption could be considered for per-CSI-RS-resource CQI feedback: 
· Alt. 1: Individual interference outside the target point; 

· Alt. 2: Common interference outside the CoMP measurement set;

· Alt. 3: Common interference outside the serving point.
Per-CSI-RS-resource CQI with interference outside the target point is a direct extension of single point CQI. It can be directly used in single-point transmission and DPS. But CQI of each point in measurement set reflects different interference sources and different received signal power. CQI compensation for CS/CB and JT becomes difficult. Moreover, in channel reciprocity based CoMP, it is difficult for further processing, which is discussed in [2].

Observation 1: Alt.1 is suitable for single-point transmission and DPS, but difficult for CQI compensation for CS/CB and JT.
Per-CSI-RS-resource CQI feedback with Alt.2 is of the same interference source. When per-CSI-RS-resource CSI is available at base station, CoMP CQI for DPS and CS/CB could be calculated as well as single-point CQI. When inter-CSI-RS-resource channel information is also available at base station, CoMP CQI for JT could be obtained. 

On the other side, interference outside CoMP measurement set usually does not include interference from the most powerful interference resources of UE. Thus, dynamic range of SINR with Alt.2 is expected to be widened compared with Alt.1. Correspondingly additional quantization error may affect feedback accuracy. 
Observation 2: Alt.2 is flexible to calculate post-CQI of all CoMP transmission schemes, but may lead to large dynamic range of SINR.
In Alt.3, each per-CSI-RS-resource CQI is of the same interference: interference outside serving point. Calculation flexibility is taken into account, while strong interference is not excluded from interference. SINR dynamic range would not change much from Alt.1. But interference information, included in reported CQI, of points in measurement set may be inaccurate.
System performance evaluation for CQI with Alt.2 and Alt.3 are given in Appendix. As simulation results show, Alt.2 works a little better than Alt.3 for JT transmission. Gain of JT with Alt.3 is also acceptable. 
Furthermore, in the last meeting, it was agreed to specify in RAN1 specifications the possibility to UE-specifically configure specific REs for interference measurement. When interference measurement resources are indicated to UE, interference sources can actually be transparent to UE, and it does not need to be specified in CQI definition.
Proposal 3: Interference source need not be defined explicitly. Interference should be measured on the same resources for each per-CSI-RS-resource CQI.
4 Receive processing 
At base station, post-scheduling CQI, which is used in link adaption, shows quality of effective link from transmission processing to receive processing. But receive processing, as a part of the effective link, could not be explicitly known and used in CQI calculation at base station, for it depends on UE implementation. Fortunately, receive processing information could be included in CQI feedback. Per-CSI-RS-resource CQI conveys receive processing information of each transmission point. In legacy system, receive processing is an implementation issue, which is related to CQI feedback and can be tested following CQI requirement.  In CoMP discussion, with defined per-CSI-RS-resource feedback, receive processing assumption needs to be investigated. Since the transmission scheme could be transparent to UE, inappropriate/arbitrary receive process assumption degrades the system performance and subsequently restrains certain CoMP schemes applied. If a common receive processing assumption which could prove the performance of all CoMP schemes as well as single-point transmission, the issue of receive processing assumption need not to be defined in standardization. Otherwise, standardization efforts would be needed for its improvement.
For optimization of CoMP schemes, there are three receive processing assumption alternatives in per-CSI-RS-resource CQI feedback: 

· Alt. 1. Individual receive processing for single-point transmission of each point; 

· Alt. 2. Common receive processing for serving point transmission.

· Alt. 3. Common receive processing for joint transmission; 

In Alt.1, for each point CQI feedback, the point is supposed as a transmission point. This alternative is instinctively matching DPS very well. It is also the same as the receiving process of current CQI for each link. But as to CS/CB, Alt. 1 may lead to overestimated interference from coordinating points, for receive processing does not assume these points as interference resources but signal resources. In case of JT, Alt. 1 may overestimate signal power for difference between receive processing and receive processing for single transmission point and JT.

Observation 3: Alt.1 supports DPS and single-point transmission well, but may lead to interference overestimation in CS/CB and signal power overestimation in JT.
Alt. 2 is optimized for CS/CB. In CS/CB, CQI feedback for serving point shows quality of transmission from serving point to UE. CQI feedback from other points reflects relative interference condition from that point. Compared with Alt.3, Alt.2 gives attention to signals from serving point. In case of JT, although the signal gains from the other transmission points are not exactly reflected by Alt.2, the attention on serving point may partly compensate this loss. After all, the signal from serving point has more possibility to be strong than that from other points. Furthermore, Alt.2 can also support DPS, if transmission point is recommended from UE.

Observation 4: Alt. 2 is optimized for CS/CB, and could also be used for single-point, and JT may be supported with some loss.

Obviously, Alt.3 is for optimization of JT. The receive processing for several transmission points has to give attention to signals from more directions than that only from one transmission point. The processing gain for signal from each transmission point may be lower than Alt.2 and 3. Therefore, Alt.3 may not act as good as Alt.1 and 2 in conveying channel quality when signal is transmitted from only one transmission point, as in CS/CB, DPS or single point transmission. 

Observation 5: Alt. 3 is optimized for JT, and may not support CS/CB, DPS or single-point well.
As discussed above, each receive processing alternative is optimized for one or two CoMP transmission schemes. Using the alternative to the other transmission schemes may lead to performance loss. According to the observations:
Proposal 4: Receive processing and its impact to CoMP performance should be explored carefully.
5 Conclusion
In this contribution, we discuss aspects of transmission scheme assumption, interference, and receive processing in CQI definition for CoMP. Based on our discussion and observation, we have the following proposals:
Proposal 1: TxD based per-CSI-RS-resource CQI should be adopted for TDD CoMP when applying channel reciprocity.
Proposal 2: CQI with assumption of specific CoMP transmission is not suggested.
Proposal 3: Interference source need not be defined explicitly. Interference should be measured on the same resources for each per-CSI-RS-Resource CQI per UE.
Proposal 4: Receive processing and its impact to CoMP performance should be explored carefully.
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7 Appendix

System simulation is performed in heterogeneous network to evaluate the performance of CQI feedback with interference assumption of Alt.2 and Alt.3. Evaluation results are shown in Table 1, and simulation assumptions in detail are provided in Table 2. 
CQI of Alt.2 and Alt.3 can be formulated as:
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where 
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After coherent SU-JT scheduling, post-scheduling 
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 is the actual precoding weights for UE j at i-th cooperating point. Simulation results show that
1. SU-JT with either interference assumption has no or marginal cell average gain. 

2. For UE deployment Config 1, Alt.3 is of almost the same cell-edge performance with Alt.2. The gain is about 25%.

3. For UE deployment Config 4b, Alt.2 outperforms Alt.3 by about 15% gain, but Alt.3 still has a gain exceeding 20%.  
According to the result, Alt.2 works a little better than Alt.3 for JT transmission. Gain of JT with Alt.3 is also acceptable.

Table 1: Performance of SU-JT with CQI interference assumption 2 and 3

	UE deployment
	Transmission scheme
	CQI interference assumption
	Average cell spectrum efficiency (bps/Hz)
	Average gain
	5% cell-edge user spectrum efficiency (bps/Hz) 
	Cell-edge gain

	Config 1
	SU-MIMO
	Alt.1
	6.98
	0.00%
	0.0420
	0.00%

	
	SU JT
	Alt.2
	6.79
	-2.75%
	0.0530
	26.24%

	
	
	Alt.3
	6.67
	-4.45%
	0.0518
	23.51%

	Config 4b
	SU-MIMO
	Alt.1
	7.87
	0.00%
	0.0563
	0.00%

	
	SU JT
	Alt.2
	8.30
	5.42%
	0.0775
	37.65%

	
	
	Alt.3
	7.88
	0.11%
	0.0686
	21.91%


Table 2: Simulation assumptions
	Parameter
	Assumption 

	Scenario
	Scenario 3 / 4

	Deployment model
	Heterogeneous deployment with low Tx power RRHs

	
	Zero backhaul latency

	
	Hexagonal grid, 19 macro sites, 3 sectors/site, 4 RRHs/sector

	Coordination area
	Coordination within one macro cell area

	Traffic model
	Full buffer

	UE speeds of interest
	3 km/h

	Bandwidth
	10 MHz

	Carrier frequency
	2 GHz

	Max number of HARQ retransmissions
	4

	Channel model
	Macro to UE: ITU UMA

	
	RRH to UE: ITU UMI

	Transmit power
	Macro site: 46dBm; RRH: 30dBm

	Number of antennas (Macro, RRH)
	(2, 2)

	Number of UE antennas
	2

	Number of UE per macro area
	Config 1: 25;  Config 4b: 30

	Antenna configuration
	TX: cross-polarized ±45°
RX: cross-polarized ±45°

	Receiver 
	MMSE option 1

	Propagation delay
	Modeled

	Timing error
	0 us

	Feedback type
	Subband per-CSI-RS-resource CSI + subband inter-CSI-RS-resource phase (subband) (coherent JT)

	Period of feedback
	10ms

	Subband size
	6PRB

	PMI codebook
	R10 codebook

	Codebook size for inter-resource information
	2 bits

	Link adaptation
	Non-ideal

	Scheduler
	Proportional fair in time and frequency

	Transmission scheme
	SU-MIMO, coherent SU-JT

	Tx point selection threshold
	20 dB

	Max number of point in measurement set
	2

	Overhead
	6/10 MBSFN DL subframe, 4/10 non-MBSFN DL subframe
- MBSFN DL subframe: 2PDCCH symbols, 12 RE/RB DMRS.

- non-MBSFN DL subframe: 3PDCCH symbols, 12RE/RB DMRS, 2CRS ports. 
Total overhead: 25.71%
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