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1 Introduction

In RAN1 #66bis in Zhuhai, Oct 2011, the following working assumption is agreed:

Working assumption from RAN1#66bis:

· 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 possible CSI feedback in support of the various DL CoMP schemes and scenarios in Rel-11, and particularly discuss aggregated v.s. per-CSI-RS-resource feedback.
2 PMI Feedback in support of DL CoMP
As mentioned in Chairman’s notes, there are mainly two different kinds of PMI for CoMP operation, a) per-CSI-RS-resource PMI and b) aggregated PMI derived across multiple CSI-RS resources.
Aggregated PMI
Aggregated PMI may be derived from aggregated channel, which is HT = [H1T H2T]T, where T denotes transpose operation, and H1 and H2 are channels associated with different CSI-RS-resources, respectively. 

We note this method may need new codebook design. For example, if one CSI-RS-resource has 4 antennas while another CSI-RS-resource has 2 antennas, new codebook is required. For another example, if one CSI-RS-resource has 4 Tx cross-pol antennas, while another CSI-RS-resource has 4Tx ULA, new codebook is required to fit corresponding antenna characteristics. 

Moreover, power difference between the two CSI-RS-resources may be significant. Handling the power difference may require even further standard effort.

Lastly, the aggregated PMI supports JT well, however how to support CB/DPS using aggregated PMI is less clear.
per-CSI-RS-resource PMI
First of all, per-CSI-RS-resource PMI feedback can support a large number of DL CoMP schemes, such as coordinated beamforming, dynamic point selection, and non-coherent joint transmission. Furthermore, if complemented with inter-CSI-RS-resource co-phasing, coherent joint transmission can be supported well. Therefore, we see that a hierarchical structure of the PMI feedback leads to a very high flexible operation at eNB side and supports various DL CoMP schemes (from PMI perspective).
Based on the above discussions, we propose:

· Baseline for PMI feedback in support of DL CoMP: Per-CSI-RS-resource PMI complemented with inter-CSI-RS-resource co-phasing
We note that this proposal is aligned with most simulation assumptions adopted in CoMP SI evaluation campaign. The specification of inter-CSI-RS-resource co-phasing may require some effort, but in our view much less than designing new codebook for aggregated PMI. 

Sometimes coherent JT may be carried out without inter-CSI-RS-resource co-phasing, with some price of performance degradation. Currently we think the performance degradation is non-negligible, therefore inter-CSI-RS-resource co-phasing feedback seems necessary, but further investigations are not precluded.
3 CQI Feedback in support of DL CoMP
Similar to PMI, CQI feedback may be also categorized as a) per-CSI-RS-resource CQI and b) aggregated CQI derived across multiple CSI-RS resources.
Aggregated CQI
For aggregated CQI, the CQI can be derived from multiple CSI-RS-resources. Such CQI is quite friendly to coherent JT method, because its signal is from multiple CSI-RS-resources. Using aggregated CQI, there is no need to update CQI at eNB side for coherent JT operation. 
Moreover, when some of the CSI-RS-resources are indicated to be associated with interference or muted, aggregated CQI can enable CB/DPS as well. Therefore it is quite flexible operation.
per-CSI-RS-resource CQI
In this case, multiple CQIs are reported, and each of them is derived from one CSI-RS-resource, respectively. Then the CQI for coherent JT, CB/DPS, non-coherent JT would be updated from those multiple per-CSI-RS-resource CQIs. However, the accuracy of such update is not clear at this stage, i.e., if the updated CQI are accurate enough to support various CoMP schemes.
If the CSI-RS-resource CQI considers interference only from out of CoMP measurement set, there is a higher possibility to have a more accurate CQI update. However, if the CSI-RS-resource CQI consider interference also from inside of CoMP measurement set, then it is less likely to have an accurate CQI update.

Even CQI update is accurate enough in the simulation work by per-CSI-RS-resource CQIs, the effort to realize accurate CQI update would be larger in order to achieve CoMP gain.
Based on the above discussions, we propose:

· Baseline for CQI feedback in support of DL CoMP: Aggregated CQI
· CQI update based on per-CSI-RS-resource CQI needs further analysis and/or evaluations
We note that this proposal is also aligned with most simulation assumptions adopted in CoMP SI evaluation campaign, which implies that this is likely the most practical implementation of CoMP operation.

NW centric vs. UE centric CQI Feedback
For aggregated CQI, as we discussed above, there are multiple possible hypothesis, e.g., which CSI-RS-resource is associated with signal, and which CSI-RS-resource is associated with interference. Therefore some signaling would be necessary to ensure consistent CQI hypothesis between eNB and UE.
One simple way is to configure which CQI hypothesis should be adopted based on eNB signaling (basically in RRC). However this NW centric method selection may be not optimal because the DL channel is not well known at the eNB, and also the CQI hypothesis can not adapt to channel condition dynamically.
An opposite way is to let UE decide which CQI hypothesis should be adopted, and signal it to eNB. We note this UE centric method can be not optimal neither because the network load condition is unknown to the UE. The load condition shown by the interference can be taken into account in UE centric but the QoS related load is especially difficult to know from UE side.

Therefore, both NW centric and UE centric has some problem. We note that only NW centric and only UE centric are two extreme cases. A mixture of NW centric and UE centric signaling would help to resolve the problems, but the exact mechanism remains unclear at this stage. Probably the scheme would be to select some among within NW restriction. Overall we propose:

· Further study the following CQI reporting mechanisms

· UE centric

· NW centric

· Mixed UE centric and NW centric.

Traffic Offloading Operation
Moreover, based on the discussion in [1], we also see some benefits from reporting multiple aggregated CQIs, which is quite useful to offload traffic in heterogeneous deployment, therefore we also propose:

·  Consider the possibility of reporting multiple aggregated CQIs to facilitate traffic offloading
4 UE Dynamic Range

Due to the RF component limitations, a UE can simultaneously receive signals with only limited power difference. Which range of the signals are received is controlled by AGC as UE implementation. If the receive signal power difference is larger than the UE dynamic range, the smaller signal can not be received well.

UE dynamic range may have impact on CoMP operation. The first impact is CSI measurement perspective. If powers of CSI-RS(s) are severely different from two transmission points, the CSI of the transmission point with lower power can not be measured. For different CoMP schemes, the impact is similar.

The second impact is on PDSCH demodulation aspect. This impact is different from different CoMP schemes. For non-coherent JT, the layer from weaker transmission point can not be received, therefore some performance loss might be seen. For coherent JT, there seems not much loss because the PDSCH are combined in the air. For CB/DPS, the PDSCH demodulation loss is not much because the weaker layer is intended to be not decoded.
5 Conclusions
In this contribution, we summarize CSI feedback in support of various DL CoMP schemes, in which we propose:
· Baseline for PMI feedback in support of DL CoMP: Per-CSI-RS-resource PMI complemented with inter-CSI-RS-resource co-phasing
· Baseline for CQI feedback in support of DL CoMP: Aggregated CQI
· CQI update based on per-CSI-RS-resource CQI needs further analysis and/or evaluations
· Further study the following CQI reporting mechanisms

· UE centric

· NW centric

· Mixed UE centric and NW centric.

· Consider the possibility of reporting multiple aggregated CQIs to facilitate traffic offloading
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