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1. Introduction 
The study item of CoMP in Rel.11 is focused on deployment with low-latency high-capacity backhaul link with remote-radio-head (RRH). In this contribution we briefly discuss the standardization impact of DL CoMP, from both downlink and uplink perspectives. 
2. Discussion
In legacy systems, a limited set of CoMP schemes were possible in the form of transmit macro diversity and soft handover, in a standard transparent manner. For standardized CoMP in Rel.11, minimizing the specification impact seems reasonable. Our discussion is based on the following CoMP set definition: 

· measurement set

· transmission set

· cooperation set

2.1. Impact on UL feedback
In this section the CoMP impact is discussed from the uplink measurement / feedback perspective. 
CoMP measurement set

The first question to ask is whether the CoMP measurement set should be defined in terms of RS subset, or RRH subset.
· Alt-1: eNB configures a subset of RS measurement sets. The UE may not need to know which RRH set is associated to each RS measurement set – especially if the CSI-RS is UE-specific. That is, the RRH set is transparent to UE. 
· Alt-2: eNB configures a subset of RS measurement sets. In addition, eNB signals to the UE how each RS set is associated to each RRH set. Then the RRH set is RRC-signalled. This may lead to some further complication. 

It is clear that Alt-2 requires more signaling than Alt-1 although it’s unclear whether it brings any additional benefits. Since the linkage between RS and RRH are available at the eNB, the same CSI information for each RRH can be obtained regardless of Alt-1 and Alt-2. Hence, Alt1-1 seems preferable.
Configuration of CoMP measurement set

The next logical question is whether the CoMP measurement set selection should be semi-static or dynamic. The trade-off can be described as follows:
· Dynamic is expected to be better but costly in terms of signalling requirements. 
· Semi-static is simpler. In this case, Rel.8 mechanism which indicates the number of antenna ports (which is a broadcast parameter for Rel.8) can be used – except that this needs to be UE-specific if CSI-RS is used. 
· Combination between dynamic and semi-static signalling. The semi-static signalling configures a “semi-static” subset of RS via higher-layer (RRC) signalling. Then, dynamic signalling is used to select a smaller subset from the semi-static subset by using, for instance, a DL grant mechanism.

CoMP feedback schemes

From the feedback perspective, it is desirable to minimize the number of CSI feedback modes and standardization/testing efforts.  Per-point feedback has been agreed as a baseline for CoMP CSI. For each point, re-using existing CSI reports (Rel.10 scheme) seem to be a good starting point. We note that the per-point CSI feedback supports many discussed CoMP schemes rather well:

· JT:  Per-point PMI reflects the spatial beam direction associated with each point, while per point CQI reflects the overall beam strength. This can be used as a reference to the per-point beamforming weight for joint processing. In addition, per-point CQI/PMI can also be used for single-cell scheduling when eNB falls back to single-point transmission (e.g. Rel.10 SU/MU).  

· CB/CS: For serving point where PDSCH is transmitted, the per-point PMI/CQI reflects the beam-direction and the strength as a reference to the precoding subspace. Similarly for the non-serving points, the per-point PMI is the quantization of the direction of the interference channel. eNB could use the per-point PMI of non-serving cells to minimize the interference created toward other cells.  Per-point CQI of the non-serving points can be used to calculate the residual interference for link adaptation purpose. 
· DPS: eNB shall choose the optimal transmit point with the per-point CQI/PMI.
It is clear that certain CoMP schemes, in particular coherent JT, requires additional inter-point phase information to phase rotate the per-point precoding vector. It should be discussed whether this requires a separate enhanced CSI feedback scheme, or a unified feedback scheme containing all CSI information (both intra-point and inter-point) should be adopted. 

CSI feedback overhead is naturally increased compared to that of Rel.10. We believe CoMP feedback is more appropriate for PUSCH report due to the large CSI capacity. PUCCH is limited by the payload and should not be a priority for CoMP feedback study unless a compelling reason can be shown.
2.2. Impact on DL 
CoMP transmission set

Regarding the configuration of CoMP transmission set there are two possibilities:

· Alt-1: CoMP transmission scheme is non-transparent to UE. The exact CoMP transmission scheme (JT, CB/CS, or DPS) is semi-statically configured via higher-layer signaling, or dynamically in the DL grant. 
· Alt-2: CoMP transmission scheme is transparent to UE. There is no information regarding the exact CoMP transmission scheme included in the DL grant / higher-layer signalling.
To compare these two alternatives it deserves to have a close look at DMRS-based precoding. 
· From DL decoding perspective: DMRS-based precoding is largely UE-transparent where PDSCH decoding primarily needs to know the DMRS ports mapping for channel estimation. The exact beamforming matrix and source of the beam is not needed, analogous to Rel.10 DCI 2C. 
· From DL control perspective: Alt-1 allows multiple semi-static CoMP transmission modes (or multiple DL grants) tailored toward each CoMP transmission scheme. For Alt-2, a single DCI format is used which allows dynamic switching between all CoMP schemes in a UE-transparent manner. This will benefit dynamic CoMP-scheme-switching based on the network operation condition (e.g. cell loading, data traffic). 

Overall, Alt-1 provides some flexibility at the expense of more standardization efforts, while Alt-2 is much simpler. 
CoMP Cooperation Set
CoMP cooperation set should be UE-transparent as this is not required for UE uplink feedback or downlink reception procedures. UE reports per-point CSI based on the CoMP measurement set configuration. How CSI feedback is used for CoMP cooperation is left to eNB implementation. 
3. Conclusions

In this contribution we discussed the standardization impact of DL CoMP. Based on the discussion our current views and recommendations are summarized below:
· CoMP measurement set should include a subset of RS sets, or alternatively a subset of RS sets as well as their linkage to RRH sets. The first option is preferable.
· Rel.10 UE-specific CSI-RS configuration can be readily used to support this scenario.
· Regarding the configuration of CoMP measurement set, a semi-static configuration (via RRC signalling) is preferred considering the trade-off between flexibility and complexity. 

· It’s desirable to minimize the number of CoMP feedback schemes to reduce the standard impact/effort. The per-point feedback baseline provides a good support to most CoMP schemes, whereas some inter-point phase feedback enhancement is needed for coherent CoMP-JT. 
· CoMP feedback should primarily target PUSCH while PUCCH should not be a priority. 
· For each UE, the CoMP scheme could be either transparent, or non-transparently signaled by higher-layer RRC or DL grant. The benefits for non-transparent design are unclear.
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