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1. Introduction
During the email discussion after RAN1 #65 meeting, many issues on specification impact of CoMP transmission have been raised and discussed. In Rel-10, homogeneous networks (scenario 1&2) had been discussed in the aspects of implementation and specification impact, and corresponding content had been presented in TR 36.814. Compared with homogeneous networks, heterogeneous networks (scenario 3&4) introduce a number of new problems which should be further discussed, and hence may need more considerations on specification impact. To have a general framework, it is better to consider all 4 scenarios during specification design. In this contribution, we share our views on possible specification impact, most of which are common to all 4 scenarios. For some aspects, with introduction of heterogeneous network additional specification efforts may be needed, which are also listed. 
2. Discussion
2.1. Feedback enhancement

As described in TR 36.814, three categories of feedback for CSI are supported for CoMP transmission. UE will report the CSI of all or part of points within the informed measurement set, and the inter-point information may also be fed back for joint transmission. In any case, current feedback mode in Rel-10 should be enhanced to support CoMP feedback. The design of feedback mechanism should consider the requirements of different CoMP scenarios. To be more general, it is preferred:

· To have a common framework of feedback mechanism for all CoMP scenarios including Scenario 4. 

· To make transmission schemes switching smooth and fast, a hierarchical structure is desirable, e.g. per-point feedback and inter-point information.
· To reuse the existing feedback mechanisms to minimize the standardization efforts if they are proper, but the higher priority should be given to the mechanism which can provide more CoMP gain.
Considering that CSI of multiple points should be fed back, explicit feedback may suffer from unacceptable feedback overhead. If explicit feedback is considered, both overhead and performance should be evaluated. Feedback of partial channel matrices of points in measurement set may help to achieve inter-point amplitude and/or phase correction at network side.
SRS based feedback can be a good solution to solve the issue of feedback overhead [5] in TDD. Enhanced CQI feedback is needed for SRS feedback to obtain noise and interference information of multiple points so as to support different types of CoMP transmission [2].  In CoMP scenarios, the requirement on SRS resources and accuracy will be greatly increased with extended usages besides beamforming [3]. Especially in Scenario 4 with increased co-scheduled UEs, the SRS resource may be a problem for SRS feedback and corresponding enhancement should be considered.
2.2. CQI enhancement 
For SRS based feedback, though DL CSI can be obtained via channel reciprocity, the noise and interference information at the UE should be reported for link adaption at network. Besides, UL channel for different transmission points may be estimated in different subframes, and then the DL received power is hard to estimate at network [2]. Hence, CQI report only for noise and interference information seems not enough for effective CoMP operation. CQI feedback should also include information about received downlink power of points in measurement set. TxD based CQI feedback can be considered for feedback of each point, and the CQI estimation is expected to be more proper by adopting CSI-RS instead of CRS. 
Proposal 1: CQI report for each point in measurement set should be considered taking the interference outside the measurement set into count.
2.3. Decision on CoMP sets
Different types of CoMP sets were introduced in TR 36.814 to describe feedback and transmission for CoMP. Since CoMP gain relies heavily on accurate CSI, cooperating transmission and/or interference cancellation, selection of points for CoMP sets is crucial. We consider different types of set individually below:

· CoMP measurement set
The size of measurement set should be limited considering the feedback overhead. Since it is decided before CSI feedback, only UL sounding/PUCCH or RSRP report can be exploited. Also, this set can be updated and reconfigured according to CSI feedback from UE based on previous measurement set. It is noted that UL sounding can be applicable even in Scenario 4 where conventional RSRP cannot be used for the set maintenance.
· CoMP report set
In TR 36.814, UE is allowed to down-select the reported points from measurement points. If only part of measurement set is reported, the report set should also be fed back to network for correct reception, which will bring additional effort on feedback design. To simplify the specification and UE complexity, we suggest keeping the report set the same as measurement set.

· CoMP transmission set
After receiving CSI information from UE, network can decide the best transmission points to form transmission set. In view of accuracy, CSI feedback (including CQI and/or PMI and SRS) is the optimal information to select transmission points. 

Proposal 2: To be more general, UL sounding is suitable to decide CoMP measurement set and even transmission set in all scenarios when SRS is transmitted. 
Proposal 3: To simplify the specification and UE complexity, we suggest keeping the report set to be the same as measurement set.
2.4. Configuration of DL RS

During performance evaluation of CoMP Phase 1 and Phase 2, per-point CSI feedback with inter-point information is widely considered by companies. From the perspective of UE, a point is identified by CSI-RS. For all CoMP scenarios, i.e. no matter points share the same cell ID or not, there could not be much difference in the implementation. The only impact may be the scrambling sequence of CSI-RS.  
In Scenario 1-3, in case of MU-JT transmission across cells, two UEs in different cells may share the same resources and receive data from the same transmission points.  However, with cell-specific DMRS scrambling sequences, the orthogonality between the multiplexing UEs cannot be obtained via CDM. To be contrast, in Scenario 4, multiple UEs within a cell may be multiplexed on the same time-frequency resource, and some of them with the same port may have to use the same DMRS scrambling sequence due to limitation on multiplexing number of DMRS in Rel-10. Hence, DMRS enhancement can be considered for orthogonal DMRS among cells or more multiplexing UEs in a cell in case MU-JT can provide gain. For flexible cooperation and scheduling among multiple cells, UE specific RS sequence can be considered to obtain orthogonality for CoMP UEs.
Proposal 4: Enhancement on DMRS can be considered for MU-MIMO/MU-JT if performance benefit can be demonstrated.
2.5.  Interference Measurement [4]
Interference measurement is an important part of CQI estimation. With different CoMP schemes, UE will see different sources of interference. Even with the same transmission scheme, the measurement set and transmission set of each UE may be different, which also leads to different interference sources. Current measurement mechanism based on CRS/CSI-RS may be unable to estimate the interference of different UEs accurately. In this case, interference measurement can be enhanced by introducing intentionally muted REs, and for different UEs specific interference measurement REs can be configured to estimate different types of interference. The existing CSI-RS/zero-power CSI-RS configuration can be reused. New design should not be precluded for better channel estimation.
Proposal 5: Enhanced interference measurement mechanism should be considered.
2.6. PDCCH enhancement

In Scenario 4 with help of low power RRHs, more UEs can be scheduled simultaneously in a cell. With increased serving UEs in a cell, the PDCCH capacity may become a bottleneck. On the other hand, in Scenario 3, when association bias is applied, PDCCH from RRH would be interfered by transmission of control channel and CRS from Macro. 

Then Enhanced PDCCH was proposed and discussed by companies with experience of structure and design of R-PDCCH. Whether all the signaling and design of R-PDCCH are appropriate for E-PDCCH should be carefully studied. In the following, we list some typical aspects to be the starting point of discussion.
· The structure of R-PDCCH with DL grants and UL grants in different slots to be optimized, e.g. allowing the multiplexing of DL grants and UL grants for more flexible scheduling - both the implementation feasibility and UE complexity should be considered.
· The cross-interleaving mechanism based on CRS or other mechanisms without consideration of CRS
· The allocation of conventional PDCCH and E-PDCCH as well as corresponding signaling 
· Enhanced transmission mode in E-PDCCH considered for larger capacity or better performance, e.g. MU-MIMO transmission or higher rank. Evaluation or signaling design may be needed here.
· Enhanced PHICH can also be considered to avoid the interference in PHICH, e.g. for scenario 3.

Proposal 6: The design of enhanced PDCCH can be based on that of R-PDCCH and also consider new application scenarios.
2.7. UL power control

In Scenario 3, as shown in Figure 1, CRS is transmitted from a single point and the pathloss between serving cell and UE can be measured based on CRS for UL open-loop power control. However, if UL CoMP is supported, the receive point for UL transmission may include other cells. The RRH which is nearer to UE may obtain better receive performance, and joint receive at multiple cells can also improve the UL transmission quality. In this case, UL pathloss measure with assumption of receiving in only serving cell will lead to inaccurate UL power control and even UL interference. In scenario 4, the problem is much more serious since the transmission point(s) of CRS may be independent from the UL receive point(s). The pathloss measurement based on RSRP will significantly mismatch the actual UL pathloss.
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Figure 1 UL Power control for Scenario3 (left) and Scenario 4 (right)
Since CoMP transmission is based on transmission points but not cells, CRS based pathloss measure may cause lots of problems as mentioned above. CSI-RS, which can be configured to be TP-specific, can be adopted to obtain pathloss of each point and then perform UL power control more accurately. With the TP-specific measurement, network can schedule UEs to measure the pathloss of some point(s) to obtain actual expected UL/DL pathloss, according to the information of actual receive point(s) of UL transmission. 
Proposal 7: CSI-RS based DL measurement can be considered in Rel-11 for UL power control.
3. Conclusions

In this contribution, we discuss the specification issues for different CoMP scenarios. The analysis and suggestions in this contribution can be the starting point of discussion and further study is still needed for homogeneous and heterogeneous networks. Proposals in this contribution are summarized as below:
Feedback enhancement:

· To have a common framework of feedback mechanism for all CoMP scenarios including Scenario 4. 

· To make transmission schemes switching smooth and fast, a hierarchical structure is desirable, e.g. per-point feedback and inter-point information.

· To reuse the existing feedback mechanisms to minimize the standardization efforts if they are proper, but the higher priority should be given to the mechanism which can provide more CoMP gain.
CQI enhancement:
Proposal 1: CQI report for each point in measurement set should be considered taking the interference outside the measurement set into count.
Decision on CoMP sets

Proposal 2: To be more general, UL sounding is suitable to decide CoMP measurement set and even transmission set in all scenarios when SRS is transmitted. 
Proposal 3: To simplify the specification and UE complexity, we suggest keeping the report set to be the same as measurement set.
Configuration of DL RS

Proposal 4: Enhancement on DMRS can be considered for MU-MIMO/MU-JT if performance benefit can be demonstrated.

Interference measurement

Proposal 5: Enhanced interference measurement mechanism should be considered.
PDCCH enhancement

 Proposal 6: The design of enhanced PDCCH can be based on that of R-PDCCH and also consider new application scenarios.
UL Power control

Proposal 7: CSI-RS based DL measurement can be considered in Rel-11 for UL power control. .
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