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1. Introduction
Agreement from RAN1 #67 is to use at least per-CSI-RS-resource feedback so that eNB can apply different UE-specific CoMP schemes more flexibly. Per-CSI-resource feedback is also easier to be scaled according to the TPs involved in the chosen CoMP transmission scheme. One of the remaining questions is whether to introduce additional feedback. Based on agreement in RAN1#66b, feedback scheme is to be composed from one or more of the following, including at least 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 

In this contribution we discuss the need of aggregated feedback, when per-CSI-RS-resource feedback with or without inter-CSI-RS-resource feedback is present.
2. Aggregated CQI Only and Aggregated CSI Feedback 
First, we want to point out the aggregated feedback (i.e., aggregated across multiple CSI-RS resources) here may include two different flavors:

· Aggregated CQI only: In this case, aggregated CQI is derived based on some hypothetical CoMP scheme or per instruction by the eNB. Aggregated CQI may or may not be combined with inter-CSI-RS-resource feedback. Aggregated CQI feedback is discussed in more detail in our companion paper [1], especially in comparison with inter-CSI-RS-resource phase feedback.  We observed that aggregated CQI seems to be much more important than inter-CSI-RS-resource phase feedback. But UE feedback of aggregated CQI is still needed since predicted CQI may not be accurate enough [2]. 

· Aggregated CSI feedback: Feedback of CSI (RI, PMI, & CQI) for an aggregated set of CSI-RS resources. In other words, aggregated CSI is fed back based on the observation of the totality of multiple CSI-RS resources. Note that aggregated feedback does not refer to the aggregation of feedback content, such as per-CSI-RS-resource feedback together with inter-CSI-RS-resource feedback. 

The discussion here focuses on aggregated CSI feedback. But the need/benefit for an aggregated CQI-only feedback in the case of per-CSI-RS-resource feedback is described in another paper [2].  
3. Aggregated CSI Feedback
Note that the context of the discussion is, if per-CSI-RS-resource CSI (RI/PMI/CQI) feedback is present, whether there is a need to define additional aggregated CSI feedback. 

The drawback of aggregated CSI feedback includes:

· Constrained scalability

· For example, if Rel-10 PMI codebook is to be used with no modification, we can use it only when the aggregated total number of TX antenna is 2/4/8. 

· Rel-10 codebook is not optimized for geographically distributed antennas like the multi-TP case in CoMP. 

· May not be useful for CoMP schemes other than SU-JT 

However, when SU-JT is the CoMP scheme, aggregated CSI can be very useful with the following advantages:
· Low feedback overhead. For example, 2 TP with 2-Tx each may require 8 bits of total feedback to support rank-1 SU-JT (4-bit of PMI + 4-bit of CQI for 1st TB + 3-bit of CQI for 2nd TB if rank-2 is also allowed). Per-CSI-RS-resource feedback with 2-bit inter-TP phase will require about 16 bits in total for rank-1 SU-JT (2x2-bit of PMI + 2x4-bit of CQI +2 bit of phase + possible 4 bits of CoMP CQI). Note that it is not a fair comparison as the 16 bits case can also enable non-CoMP transmission.

· Inter-CSI-RS-resource phase is inherent in the PMI feedback. Even though Rel-8/9/10 PMI is not designed for geographically distributed antennas. 2/4-Tx codebook design does consider both correlated and uncorrelated antenna configuration. So is 8-Tx codebook, even though the design is basically optimized for 2 sets of uncorrelated 4-Tx antenna “sub-arrays”.

· More importantly is that the aggregated CQI can more accurately reflect the receiver performance.

When per-CSI-RS-resource feedback is configured, we don’t think it is beneficial to also feed back aggregated CSI. Instead, just aggregated CQI feedback makes more sense in this case. However, eNB can request aggregated CSI instead of per-CSI-RS-resource feedback when it deems more suitable. 

Our view is:

· Aggregated CSI feedback may be configured in lieu of per-CSI-RS-resource feedback when appropriate, but in which case the Rel-8/9/10 CSI (RI/PMI/CQI) feedback mechanism should be reused with ideally no spec change. 

3.1. Aggregated CSI Feedback Configuration
One may think that aggregated CSI feedback can be supported in a transparent fashion, i.e., from the UE perspective the CSI feedback is for a single-CSI-RS-resource. In theory, it is possible to make the aggregated CSI feedback transparent, but there may be limitation since 

· CSI-RS ports within a single-CSI-RS-resource are expected to be configured with the same subframes period and offset.
· A single Pc value for assumed ratio of PDSCH EPRE to CSI-RS EPRE

· More importantly, in Rel-10, CSI-RS ports always have the same scrambling within a CSI-RS resource. It was agreed in RAN1 #67, the pseudo-random sequence generator initialisation (cinit) is a configurable parameter. Setting the initialization seed to be the same for the multiple TPs signaled as a single CSI-RS resource might be undesirable because it may force all TPs in a large geographical area to have same cinit, which is clearly undesirable due to interference concern. 

Therefore, our view is 

· Aggregated CSI feedback, if configured, does not need to be transparent. UE can be signaled that CSI is fed back based on multiple CSI-RS resources. In this case, whether CSI-RS resources are configuration independently or not is FFS.   
4. Conclusion 
In this contribution we discussed the need of aggregated feedback, when per-CSI-RS-resource feedback with or without inter-CSI-RS-resource feedback is present. The discussion focuses more on aggregated CSI feedback since the need/benefit for an aggregated CQI-only feedback in the case of per-CSI-RS-resource feedback is established in detail in another paper [2].  

For aggregated CSI feedback (i.e., RI+PMI+CQI), our view is 

· Aggregated CSI feedback may be configured in lieu of per-CSI-RS-resource feedback when appropriate, but in which case the Rel-8/9/10 CSI (RI/PMI/CQI) feedback mechanism should be reused with ideally no spec change. 

· Aggregated CSI feedback, if configured, does not need to be transparent. UE can be signaled that CSI is fed back based on multiple CSI-RS resources. In this case, whether CSI-RS resources are configuration independently or not is FFS.   
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