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1 Introduction

In this document we provide high level views of CoMP schemes. We identify CoMP schemes in feedback, transmission, and measurement aspects, respectively.
2 CoMP Schemes

2.1 Feedback Schemes

2.1.1 Explicit vs. Implicit Feedback

The first controversial point of feedback schemes is: explicit or implicit feedback. Although implicit feedback can include UE side processing such as DL ICI mitigation, MIMO receiver implementation in the feedback, it somehow makes eNB side processing complicated or difficult such as MU scheduling, coordinated beamforming . On the contrary, explicit feedback makes eNB side processing simpler, but can not include UE side processing. Therefore, explicit and implicit feedbacks have their own pros and cons, respectively.
However, in Rel-10 discussion, the main drawbacks of explicit feedback are identified: testability and overhead. Finally implicit feedback was chosen for Rel-10. We note that explicit feedback includes two possibilities: long-term (statistic) and short-term (instantaneous). In Rel-10 we proposed that testability and overhead were smaller problems for long-term explicit feedback than for short-term explicit feedback. For testability, channel statistics can be verified at eNB side exploiting reciprocity, and the overhead of reporting channel statistics is marginal. 
According to the above discussion, we propose:

--- To study how to supplement long-term explicit feedback with implicit feedback

2.1.2 Per-cell vs. Joint Feedback

In Rel-10 discussion, in RAN1 #58 (R1-093719), it was agreed that

· Individual per-cell feedback is the baseline for schemes that need feedback

· Complementary inter-cell feedback might be needed
We consider this is a good framework to start with. Therefore we propose:

--- Investigate further details under the individual feedback framework

In Rel-10, joint feedback was also discussed, i.e., the CQI represent channel quality from multiple transmission points. However, we note that joint feedback is not friendly to coordinated beamforming schemes, and it is difficult to fallback to single cell operation. In addition, joint feedback can be supported in a standard transparent way.  In RAN1 #63, it is agreed that CSI-RS and CRS ports can be configured independently. Such configuration enables possible antenna virtualization for CSI-RS. Therefore, it is possible to estimate joint channel from multiple transmission points via CSI-RS. Overall we would like not to go back to revisit joint feedback again.
Moreover, even for individual per-cell feedback, we note that previous agreement has not enforced the same granularity for neighbor cell CSI and serving cell CSI feedback. In general, it is possible to have more accurate CSI report for serving cell. For example, it is possible that serving cell uses frequency-selective CQI reporting, while neighbor cell feedback using wideband CQI reporting. It is also possible to have less time domain granularity for neighbor cell.

According to the above discussion, we further propose:
--- Study if different time/frequency/spatial granularity should be applied to 1) serving cell CSI, 2)  interfering cell CSI, and 3) inter-cell CSI
Another issue in feedback is the increased payload size due to CoMP operation. On that aspect we propose:

--- Consider how to deal with the increased payload size due to CoMP operation
   ● Consider the possibility of improved PUSCH reporting
2.2 Transmission Schemes

In TR 36.814, three categories of CoMP transmission schemes have been identified: SFN, CB (coordinated beamforming), and MU-JT (multi-user joint transmission). In the companion CoMP paper, we discuss two possible CoMP scenarios: homogeneous RRH and heterogeneous RRH. In the rest of section 2.2, we discuss transmission schemes for the two CoMP scenarios.
For homogeneous RRH, it has been evaluated many times in Rel-10. Many results show that SFN causes cell average throughput degradation although cell edge throughput is increased in full buffer evaluations. Therefore, CB and MU-JT may be main candidates for homogeneous RRH in full buffer evaluation. On the other hand, non-full buffer analysis would be further required for all candidate schemes. 
For heterogeneous RRH, SFN performance has not been evaluated sufficiently in our view. Moreover, sometimes low power node (LPN) has only single antenna, therefore such LPN can not carry out CB and MU-JT. On the other hand, LPN does not create sufficient overlapping area where SFN has the gain because of the lower transmission power. Therefore in our view there are still many open issues for spatial domain solutions in heterogeneous RRH. At this evaluation stage we need not to restrict transmission schemes in heterogeneous environment.
Compared with feedback aspect, the DL control signaling may have limited specification impact according to the previous agreements. In RAN1 #58, it was agreed that CoMP transmission strategies are transparent to the UE in terms of demodulation, which implies that CoMP transmission strategies can be indicated to the UE for feedback purpose. 
Moreover, in RAN1 #61b it is agreed that MU-MIMO transmission is not indicated to the UE through dynamic signalling. Although the agreement is for MU-MIMO, we believe similar logic could be applied to CoMP, which implies CoMP transmission method need not to be indicated dynamically. Therefore we propose:

--- Downlink actual transmission strategies can be transparent to UE although it is possible to configure some feedback mode aligned with the target CoMP transmission strategies by RRC.
2.3 Measurement Schemes
Currently most accurate measurement of neighbor cell CSI can be carried out by CSI-RS and the associated PDSCH RE muting mechanism. The main problem of measurement for CoMP is 1) how to decide CoMP measurement set; and 2) signaling of CSI-RS configuration associated within CoMP measurement set to the UE. We propose:

--- Investigate how to configure CSI-RS and muting  for CoMP measurement purpose
CSI-RS and muting configuration is cell specific, however CoMP measurement set is in general UE-specific. Therefore, CoMP measurement set would need additional signaling than CSI-RS and muting configuration. Therefore we propose:

--- CoMP measurement set is explicitly signaled from eNB to UE
Another remaining question from previous CoMP study is if the UE should report CSI regarding all transmission points within CoMP measurement set. We propose:

--- To evaluate whether UE report CSI regarding all transmission points within CoMP measurement set
3 Conclusions
We discussed high level views of CoMP schemes. We propose following:
--- To study how to supplement long-term explicit feedback with implicit feedback

--- Investigate further details under the individual feedback framework

--- Study if different time/frequency/spatial granularity should be applied to 1) serving cell CSI, 2)  interfering cell CSI, and 3) inter-cell CSI
--- Consider how to deal with the increased payload size due to CoMP operation
· Downlink actual transmission strategies can be transparent to UE although it is possible to configure some feedback mode aligned with the target CoMP transmission strategies by RRC.
· Investigate how to configure CSI-RS and muting  for CoMP measurement purpose
· CoMP measurement set is explicitly signaled from eNB to UE
· To evaluate whether UE report CSI regarding all transmission points within CoMP measurement set
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