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1. Introduction
CSI feedback is one most important topic of CoMP WI [1]. In last meeting, inter-CSI-RS-resource feedback as well as the RRM measurement set were extensively discussed while the CQI definition was not treated. In this contribution, we show our views on CQI definition and related issues such as associated RI reporting.  
2. Consideration on CQI related issues
In order to support CoMP operations, UEs should be configured with multiple CSI-RS resource to efficiently measure the channel state/statistical information from multiple transmission points. In the case of per-CSI-RS-resource feedback, individual CSI of each CSI-RS resource in the CoMP set is separately fed back, which supports a scalable number of transmission points. The CSI feedback includes PMI, CQI and RI reports. Due to the internal commonality of PMI selection among different CoMP transmission schemes including single point transmission, the PMI feedback could be the same as in Rel-10. But the CQI value and RI optimized for CoMP may vary with the CoMP scheme assumed by the UE. In the following, we raise our concerns on CQI definition together with RI.
Whether exactly the same definition and mechanism in Rel-10 could be reused needs careful study.  According to the CQI definition in the current CoMP TR [2], CQI is different from Rel-10 CQI definition in the form of interference to be assumed:
· CQI only accounting for interference outside the CoMP measurement sets or relative received power between CoMP transmission points

The advantage of such a modified per-point CQI is to support dynamic switch among multiple TPs as well as dynamic switch among different CoMP schemes. However, with this definition, the eNB could not necessarily obtain directly the corresponding CQI for multiple CoMP schemes or even for the traditional single point transmission. It needs to derive an approximate value from the multiple reported CQI for each TP. In the case of a CoMP UE reporting a RI value of one, it was pointed out that eNB could figure out an accurate MCS based on per-CSI-RS-resource CQI [3][4]. However, the mismatch due to accumulated quantization error could not be neglected considering that existing the CQI definition does not assume the uniform quantization of SINR. In the case of higher RI, it is impossible for the eNB to recalculate approximate MCS only based on per-CSI-RS-resource CQI.  On the other hand, if the CQI definition in Rel-10 is reused for per-point CQI, at least the performance of fallback to single point and DPS transmission could be guaranteed, where the UE estimates CSI under the assumption that a specific point acts as the serving point and all other points are interferers. 
Proposal 1: At least the Rel-10 CQI definition should be supported as part of per-CSI-RS-resource feedback to support fallback to single point transmission and DPS.

Nevertheless, the CQI for other CoMP transmission schemes calculated by the eNB based on Rel-10 CQI is not reliable. Considering CoMP performance is quite sensitive to the accuracy of CSI, it is desirable to introduce aggregated CQI calculated at UE side based on the assumption of actual transmission scheme in addition to per-CSI-RS-resource CQI same as Rel-10. 
Comparing aggregated CQI for DPB, CS/CB and JT, the CQI of CS/CB is relatively closer to single cell transmission, especially considering the potentially increased interference due to the restriction that a reported companion PMI would not necessarily always be used by a cooperating TP. To achieve a tradeoff between performance optimization and overhead, it would be possible to correct the mismatch between exact CQI and recalculated CQI by open loop link adaptation without additional aggregated CS/CB CQI. 
In contrast, the CQI for DPB and JT potentially differs significantly from that of single cell transmission. The interference from other co-operating TPs would be assumed by the UE to be completely eliminated by muting or transmitting the desired signal, which would not only dramatically change the MCS level but likely would also change the rank. Non-negligible performance degradation from recalculated CQI is observed compared with aggregated CQI for rank 2 transmissions [5]. 

Proposal 2: Additional aggregated CQI could be reported with a particular transmission hypothesis of DPB/JT, especially for high rank transmission.
To save the payload of CQI, the aggregated CQI could be ‘delta CQI’ compared to serving point CQI or DPS CQI, which is similar to the approach currently used for spatial differential CQI. Another approach is to feedback one-bit information per subband to indicate whether the corresponding aggregated SINR of the subband, calculated assuming the use of a particular DL CoMP for the UE, is higher or lower than a threshold value. The threshold value is pre-defined or configured by the network. With the feedback of the information, the user scheduler in the eNB can avoid assigning the low-SINR sub-bands to the UE, but assign high-SINR subbands to the UE. The eNB could calculate an approximate MCS for the high-SINR subbands, using outer-loop adjustment based on ACK/NACK statistics. This subband indicator as an implicit form of aggregated CQI can reduce the overhead more than the explicit aggregated CQI at the cost of accuracy. For example, considering 10 MHz bandwidth which contains 9 subbands, the overhead of the implicit aggregated CQI is 9 bits  while for  explicit aggregated CQI the overhead is at least 18 bits (2 x 9) with the assumption of  2 bits ‘delta CQI’ for each subband.
Proposal 3: Additional aggregated CQI should be reported with the lowest possible overhead. Explicit or implicit form of aggregated CQI could be considered. 
To further confirm the necessity of aggregated CQI, we investigate the rank distribution for different CoMP schemes. We only collect rank statistics for potential CoMP users in our system level simulation. We first evaluate the rank distribution of DPB compared with DPS. We observe that with muted interference in DPB case, the probability of rank 2 transmissions grows to 46.4% and 52.8% for configuration 1 and 4b. To evaluate the effect of interference as well as desired signal, we also collect rank statistics for JT. The probability of rank 2 transmissions further grows to 58.3% and 69.6% respectively. Similar trends are also observed by [6]. The high likelihood possible rank 2 transmission makes it worthwhile to include additional RI. To optimize the performance of CoMP, the UE could independently calculate the proper rank for each point in the CoMP set and for each CoMP transmission scheme. However, the big payload burden by several additional RI is not desirable. In the last meeting, several companies proposed that the UE reports a single RI according to the minimum /maximum RIs for all TPs. Since a CoMP reporting user is a cell-edge user which is hardly able to support single stream transmission by non-CoMP transmission, to base the common RI on the minimum RI  is likely to degrade the CoMP gain significantly, given that DPB and JT can achieve rank 2 in more than 50% of the time.  According to our system level simulation results in Table 2, 5.5% and 3.8% throughput loss is observed when JT RI is restricted to be the minimum RI of all TPs for JT and 4.1% and 3.1% throughput loss for DPB. On the other hand, a common RI based on the maximum RI will probably be the RI of JT, i.e. rank 2, the performance would be dramatically degraded if UE could not support multiple stream transmission due to high interference in DPS or fallback to single cell transmission. In that case, eNB has to recalculate rank 1 CQI. As a compromise, eNB could control the RI report for UE by high-layer configuration, i.e. whether multiple RI or single common RI should be reported is configured by eNB. It should be pointed out that the rate of RI feedback is likely to be less than that of CQI or PMI, so the overhead incurred by additional RI is less than that of additional CQI. Besides, whether additional PMI is required when UE reports multiple RI needs further investigation taking the overhead consumption into account. If no additional PMI is feedback, the assumption for CQI calculation should be specified to guarantee the common understanding of PMI at both eNB and UE sides.
Table 1 – Rank Statistics for DPS/DPB/JT 
	
	Configuration
	Rank 1
	Rank 2

	DPS
	1
	87.6%
	12.4%

	
	4b
	81.2%
	18.8%

	DPB
	1
	53.6%
	46.4%

	
	4b
	47.2%
	52.8%

	JT
	1
	41.7%
	58.3%

	
	4b
	30.4%
	69.6%


Table 2 – Performance of DPB/JT with/without rank restriction

	
	
	Configuration
	Average Sector 
	5% Cell-Edge User

	
	
	
	Throughput (Mbps)
	Gain (%)
	Throughput

(Mbps)
	Gain (%)

	DPB
	Common RI
	1
	18.18
	0
	0.394
	0

	
	
	4b
	21.79
	0
	0.718
	0

	
	Multiple RI
	1
	18.36
	1.8
	0.41
	4.1

	
	
	4b
	22.01
	1
	0.74
	3.1

	JT
	Common RI
	1
	19.33
	0
	0.703
	0

	
	
	4b
	22.88
	0
	0.842
	0

	
	Multiple RI
	1
	19.99
	3
	0.742
	5.5

	
	
	4b
	23.46
	2.5
	0.874
	3.8


Proposal 4: The probability of rank2 transmission is quite high for DPB and JT. Additional possible RI values could be supported considering the additional gain and the feedback overhead constraint.
3. Conclusions
In this contribution, we have discussed CQI definition as well as RI reporting. We have the following proposals:
Proposal 1: At least Rel-10 CQI definition should be supported as part of per-CSI-RS-resource feedback to support fallback single point transmission and DPS.
Proposal 2: Additional aggregated CQI could be reported with particular transmission hypothesis of DPB/JT, especially for high rank transmission.

Proposal 3: Additional aggregated CQI should be reported with the lowest possible overhead. Explicit or implicit form of aggregated CQI could be considered. 
Proposal 4: The probability of rank2 transmission is quite high for DPB and JT. Additional possible RI values could be supported considering the additional gain and the feedback overhead constraint.
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Appendix.  System level simulation assumptions and parameters
Table 3: Simulation assumptions and parameters
	Parameter
	Numerical Value and Description

	Inter-site distance
	500m

	Carrier Frequency
	2 GHz

	Cellular Layout
	7 cell-sites × 3 sectors per cell-site with wrap around.

	Channel model
	Macro cell: UMa

Low power node cell: UMi

	Bandwidth
	10 MHz

	Antenna configuration
	Closely-spaced:   Tx ||   Rx || 

	Outdoor RRH deployment
	4 RRHs per cell (sector) uniformly deployed

	UE dropping
	30 UEs dropped as Configuration 1&4b

	Scheduler
	Proportional Fair

	CQI feedback latency
	5 TTI

	Receiver
	MMSE

	Traffic Model
	Full buffer

	Macro eNodeB transmission power
	46dBm

	Macro eNodeB antenna gain
	17dBi

	RRH transmission power
	30dBm

	Low power RRH antenna gain
	5dBi
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