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1. Introduction
Since the RAN1#66bis meeting, the feedback in support of CoMP has been intensively discussed. The working assumption agreed in the RAN1#66bis meeting:
· Standardize 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. 

After the discussion at the last RAN1 meeting, it is agreed that:
· CSI feedback for CoMP uses at least per-CSI-RS-resource feedback.
In this contribution, we present our views on the need for inter-CSI-RS-resource feedback.
2. Discussion and analysis on the need for inter-CSI-RS-resource
At the last meeting, it was agreed that per-CSI-RS-resource feedback is at least supported for CoMP CSI feedback in Rel.11, which gives flexibility for all the intended CoMP schemes (JT, DPS, CS/CB). 
Theoretically, per-CSI-RS-resource feedback together with the inter-CSI-RS-resource feedback should be supported to derive the optimal desired transmission parameters, especially for JT CoMP. However, whether to introduce the inter-CSI-RS-resource feedback and what exact information should be included require further study on the performance in the concrete scenarios, feasibility, overhead and also the tradeoff analysis between them.
Introducing the inter-CSI-RS-resource phase for the coherent JT transmission can certainly benefit the spectrum efficiency in every scheduling interval of JT CoMP. Some evaluation results, such as [1][2] showed that the coherent JT can obtain significant performance gain with quantized inter-point phase information feedback compared with single cell/point transmission. 
However, the performance gain would probably be nibbled away if the JT CoMP operates under more realistic conditions (such as signal propagation time delay, time and frequency domain synchronization errors between points, coordination delay, etc), which may reflect in the consequent equivalent channel. For example, a 3µs timing offset among multiple transmission points, within the limits required by RAN 4, causes more than 180 degrees rotation within one RB which invalidates the reliability of inter-point phase information. Potential solutions could be a smaller granularity sub-band or even more inter-phase feedback bits, either of which will significantly increase the feedback overhead and UE calculation complexity. Usefulness of the relative phase information between TPs is also sensitive to delay due to time and frequency synchronization errors between the TPs and the UEs. This makes it necessary to transmit the inter-CSI-RS phase information more frequently and reduce the transmission delay.
Different from the per-CSI-RS-resource feedback, for which each CSI-RS resource could be separately configured for each transmission point, the inter-CSI-RS-resource phase feedback should be based on the aggregated CSI-RS-resource. Only in this way, the coherence feature of the channels can be captured by the feedback. Hence this is an additional restriction on the CSI-RS-resource used for inter-phase feedback at each transmission point, which may potentially degrade the flexibility of the CSI-RS-resource configuration or increase the downlink RS overhead. 
Moreover, the gain provided by inter-CSI-RS-resource phase is related to the PMI selection mechanism. If the PMI for coordinating points is jointly selected for JT, the inter-CSI-RS-resource phase alignment is inherently considered. The additional inter-CSI-RS-resource phase adjustment on top of jointly selected PMI would not be as efficient as expected. Especially when aggregated CQI for JT is also reported, the benefits of inter-CSI-RS-resource phase are further diminished. We believe the benefit of aggregated CQI or additional RI is more significant than the marginal benefit of inter-CSI-RS phase information, and should be considered with higher priority. More detailed discussion of CQI can be found in another companion contribution [3]. According to our evaluation, the performance of non-coherent JT with aggregated CQI without co-phasing is almost the same as coherent JT with co-phasing. Similar results have been also observed by other companies, e.g. [4][5]. 
In comparison, the relative amplitude information between different CSI-RS resources is not subject to the frequency and timing error (or jitter) between the TPs and the US, and is valid for much longer period of time than the phase information. It is shown in [6] that feedback of relative amplitude information is more feasible and carries smaller feedback overhead. The simulation results provided in [1] [7] indicate that the inter-CSI-RS amplitude information could well enhance the coherent JT CoMP performance.
Comparing the performance benefits of inter-CSI-RS resource phase and amplitude information, and the required feedback overhead, we make the following proposal, 
Proposal: The inter-CSI-RS-resource amplitude feedback should be considered with higher priority than inter-CSI-RS-resource phase feedback, if Rel-11 is to include the feedback of inter-CSI-RS-resource information.
Table 1 Performance of JT with/without co-phasing

	
	Configuration
	Average Sector 
	5% Cell-Edge User

	
	
	Throughput (Mbps)
	Gain

(%)
	Throughput

(Mbps)
	Gain

(%)

	Non-coherent JT
	1
	19.99
	0
	0.742
	0

	
	4b
	23.46
	0
	0.874
	0

	Coherent JT
	1
	20.16
	0.8
	0.752
	1.3

	
	4b
	23.75
	1.2
	0.879
	1


3. Conclusion
In this document, we discuss the need for inter-CSI-RS-resource feedback in support of downlink CoMP and compared relative phase and amplitude information feedback. Based on the above analysis, we would like to highlight the following proposal:
Proposal: The inter-CSI-RS-resource amplitude feedback should be considered with higher priority than inter-CSI-RS-resource phase feedback, if Rel-11 is to include the feedback of inter-CSI-RS-resource information.
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Appendix.  Simulation assumptions and parameters
Table 2  
	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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