3GPP TSG RAN WG1 Meeting #67                                                    

                R1-113960
San Francisco, USA, Nov 14 - 18, 2011
Title: 
On Support of Aggregated Feedback for CoMP Transmission
Source: 
Research In Motion, UK Limited

Agenda Item:
7.5.1.1
Document for: 
Discussion
1. Introduction 
In RAN1 66bis meeting, high level proposals on DL CoMP were presented and discussed.  The following working assumption was then agreed regarding the feedback framework: 
Working assumption:

· 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. 

Among the feedback schemes, the first proposal is aggregated feedback across multiple CSI-RS resources while the second and the third proposals are per CSI-RS resource feedback. In this contribution, some points regarding aggregated feedback are clarified based on our understandings.

2. Supporting Aggregated Feedback in CoMP
Among the feedback schemes, aggregated feedback considers the different CSI-RS resources jointly when computing and feeding back the CSI information, even if the different CSI-RS resources correspond to multiple antennas that are separately located at different transmission points (TP). For example, in a cell with macro-eNB and multiple RRHs, the CSI information from macro-eNB and a number of RRHs could be fed back together assuming they will jointly transmit data through MIMO to the UE. That is in contrast with per-TP feedback or per-CSI-RS resource feedback, where feedback is measured and sent for each TP in a system with multiple TPs. 
Some companies have compared the simulation results between aggregated CSI feedback and per-TP feedback [1] [5] and showed that when the received SNR at the UE from each TP is quite close to each other, aggregated feedback provides better performance than per-TP feedback.  Considering that aggregated feedback would also require less feedback and require no relative phase feedback, it is obvious that aggregated feedback would be more beneficial than the per-TP feedback. On the other side, some companies raised the concerns about aggregate feedback such as codebook size restriction, the need of possibly having to design a new codebook, imbalanced power from different TP, and capability of switching to different CoMP modes such as DPS, CS/CB etc. So the adoption of an aggregated feedback scheme becomes more of a trade-off between performance and complexity including standardization efforts. 
In our view, the aggregated feedback could be supported but with minimum standardization efforts. The reason for this is that in fact aggregated feedback could be supported already by using the feedback and CSI-RS configuration as defined in Rel-10. For example, the CSI-RS configuration as defined in Rel-10 already supports the configuration of 1,2,4 and 8 CSI-RS ports for channel measurement and CSI feedback.  To achieve aggregated feedback, as long as the total number of transmit antennas from multiple TPs equal 2, 4, or 8, then there is no need to introduce new CSI-RS configurations. That would also avoid the need to introduce new codebooks . Certainly, using multiple CSI-RS resource configurations for different TPs could provide more flexible design, but in light of the standardization effort, it is preferred to at least reuse Rel-10 CSI-RS configuration of one CSI-RS resource to support aggregated feedback. In fact, if there is no standardization change on this,  supporting aggregated feedback becomes more of a network implementation issue and would be transparent to the UE, which means that even the Rel-10 UE could enjoy   benefit from such transmissions. 
Certainly minimizing the standardization efforts in introducing aggregated feedback may have some impact on  its performance. However, from the simulation results   presented by other companies, it seems  that large performance gains are achieved when the received signal strengths from multiple TPs are somewhat balanced. Therefore, it is more natural for the eNB to decide when to implement aggregated feedback based on its knowledge of  the channel conditions. For example, the eNB could determine whether  a UE is receiving  balanced powers from multiple TPs through    uplink signal strength measurements at different TPs from the same UE or long term received power reports for  each TP feedback from the UE. If more balanced power is observed, the eNB could configure aggregated feedback for the UE and transmit using compound MIMO from multiple TPs.  To trigger the aggregated feedback, the UE needs to be configured with one CSI-RS resource which contains CSI-RS resources for different TPs. For the UE, it does not need to know if some such CSI-RS ports are transmitted from one TP or multiple TPs, it just needs to measure the CSI based on the total number of CSI-RS ports that are configured. 
As mentioned before, configuration of multiple CSI-RS resources for aggregated feedback may allow more flexible configuration of CSI-RS ports for different TP.  However, there may still be restrictions due to other factors. For example, it is better to configure all CSI-RS ports from different TPs in the same subframe to avoid channel variation of different subframes and this can reduce the flexibility of CSI-RS configuration in the time direction. 
Another issue is that in the current high level signalling that configures CSI-RS ports for UE CSI measurement and feedback, a power ratio between PDSCH EPRE and CSI-RS EPRE is specified, which is used for the UE to calculate the corresponding CQI. In the situation that CSI-RS ports are transmitted from multiple ports, whether such configuration needs to be changed to accommodate multiple power ratios from different TP needs to be resolved. In our view, if the network only configures a UE to use aggregated feedback when the condition is more appropriate such as when the received signal strength from different TP are more balanced, the network only needs to use the same power ratio on different TP and signal one power ratio to the UE. Because if the received signal strength at UE from multiple TP are quite balanced, and the same power ratio is used for different TPs, the CQI calculation would be similar as if all signals are transmitted from the same TP even though the transmit power from different TP could be different. 
AT RAN1 66bis meeting, it was agreed that the working assumption for CSI-RS configuration is to support configuration of multiple CSI-RS resources to a UE in order to facilitate the CSI feedback from multiple TPs.  Such configurations could be used to support aggregated feedback as long as the UE is indicated that aggregated feedback could be derived from multiple CSI-RS resources. The only limitation for this, as mentioned before, is that it would be preferable to have multiple CSI-RS resource configured in the same subframe. 
At this stage, we feel aggregated feedback should be supported as baseline with minimum  standardization impact. The implementation of aggregated feedback could be a network implementation issue.

Proposal :  Aggregated feedback could be supported with no or minimum standard efforts.  One or multiple CSI-RS resources could be configured to support aggregated feedback.  Such operation could be transparent to the Rel-10 UE or be applied only for Rel-11 UE.  
3. Conclusions

In this contribution, we clarify some views in supporting aggregated feedback and our current view is to leave it as an implementation issue without introducing  much change to the spec. 
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