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1. Introduction

The issue of RRM measurement set for DL CoMP was discussed in a number of contributions [1-7]. A way forward was also presented in RAN1#67 [8]. That leads to the following conclusion:

Conclusion:
· Study the method of CoMP measurement set management for CSI feedback (according to the definition in TR36.819) considering following and revisit at the next meeting

· Study whether existing features are sufficient

· Study the need and suitability of introducing the reporting of received power measurement of CSI-RS ports:

· FFS on the impact on the power control, interference measurement

· This functionality is configurable by network

In terms of choosing RRM measurement schemes, there are currently 3 groups of schemes (see, e.g. [5]):
· Alt. 1: Point association based on CQI measured from CSI-RS (and CRS based RRM measurement)
· Alt. 2: UL SRS/PUCCH/PUSCH based RRM measurement set decision
· Alt. 3: CSI-RS based RRM measurement set decision
These 3 new schemes are proposed since the current (Rel.10) CRS-based measurement paradigm cannot accommodate RRH selection for CoMP scenario 4 since different RRHs sharing the same cell ID also share the same v-shift. Opinions differ in which scheme should be adopted for supporting CoMP operation in Rel.11. Two main criteria are typically used to assess the superiority of each scheme: 

1. standardization (specification) impact in RAN1 as well as other working groups
2. performance/accuracy in selecting RRM measurement set

In terms of performance/accuracy, two sub-criteria are of relevance: performance in CoMP scenario 4 (multiple RRHs with the same cell ID) and signaling overhead. As usual, a scheme which excels in the first criterion falls short in the second criterion. For instance, Alt3 is the best in terms of performance/accuracy yet results in the need for additional specification works. On the other hand, Alt1 results in no specification impact while it may dramatically increase CSI feedback overhead.  
 In this contribution, we present our view on this matter. In addition to the above criteria, we also view this issue from the perspective of system complexity.
2. Discussion 
Before we proceed, we first note the following:
· The discussion on the need for a new RRM measurement procedure is relevant only for CoMP measurement set management and not meant to replace the inter-cell mobility management. That is, given an RRM measurement set, CoMP measurement set is derived based on the available RRM measurements (see, e.g. [2]). For inter-cell mobility management, the current Rel.10 CRS-based RSRP procedure is still used. This is mentioned in, e.g. [6, 8]. RRM measurement set is defined in [9]. Furthermore, the current Rel.10 CRS-based RRM procedure is still applicable for other CoMP scenarios (1, 2, and 3) to a large extent.
· The following discussion on performance/accuracy assumes CoMP operation in scenario 4. While this is only one out of four possible scenarios defined in [9], this scenario is quite distinct and presents a compelling need for studying different RRM measurement procedures. This, of course, presupposes that CoMP scenario 4 (multiple RRHs sharing the same cell ID) is indeed a highly relevant scenario. 
· The selection of CoMP measurement set (from the RRM measurement set) is done based on the RRM measurement statistics which are long-term in nature. The UE performs CSI feedback to all the transmission points within the CoMP measurement set. Based on the CSI feedback, a subset of transmission points is further selected for CoMP transmission from the CoMP measurement set. 
2.1. Pros and Cons Analysis

As mentioned in Section 1, the pros and cons of each scheme have been discussed in a number of contributions. We now compare the three proposed schemes in terms of the resulting system complexity. 
In scheme 1, the current CSI feedback modes can be used to allow one UE to feed back CSI associated with each of the transmission points. This allows the eNodeB to observe the CSI feedback associated with each transmission point over a long period of time. Hence, the CoMP measurement set can be determined from such long-term statistics. For instance, it was proposed in [7] that UE-selected feedback can be utilized for such purposes. At a glance, it seems that this results in no specification impact and hence is desirable. However, the following issues should also be taken into account: 
· The increase in overhead is linearly proportional to the number of transmission points within the RRM measurement set. CSI feedback is needed to derive the RRM measurements associated with all the members of the RRM measurement set in order to select the CoMP measurement set (which is a subset of the RRM measurement set). At the same time, the size of RRM measurement set is expected large (or at least larger than the typical CoMP measurement set). Hence, feeding back CSI to each of the transmission points results in a large increase in CSI feedback overhead.
· One may argue that the overhead increase can be minimized by configuring the reporting periodicity (as only long-term statistics are needed, the reporting interval may be made large) for the transmission points not involved in the current CoMP transmission. While this is a feasible solution for keeping the overhead increase manageable, it should also be noted that the number of CSI resources is limited especially if such reporting is performed on the PUCCH. Reporting on PUSCH, on the other hand, requires CQI-only triggering on the UL grant thereby increasing the use of PDCCH. 
· Currently, some of the CSI modes (such as the UE-selected reporting) remain without testing in RAN4 specification. If this scheme is to be adopted, it is likely that the RAN4 specification effort needs to address such deficiency in Rel.11. From such perspective, some additional specification impact may ensue. 
· Overall, multiplexing different CSI reports with different periodicity parameters poses an increasingly challenging task for the eNodeB scheduler. Although one may argue that the same problem is observed in CA (where different component carriers are treated as cells), it is quite apparent that such problem is exacerbated in the context of RRM measurement set management as the expected number of reportings is significantly increased. While this is an implementation issue, it should also be taken into account when selecting a solution. 
Scheme 2 uses the existing UL transmissions (SRS/PUCCH/PUSCH) and relies on the DL-UL reciprocity of the long-term statistics to determine the CoMP measurement set. Similar to scheme 1, this scheme does not seem to impose any additional specification need. However, some issues can be anticipated with this scheme:
· As also mentioned in some other contributions (e.g. [3, 5, 6]), it is unclear how this scheme performs. This is mainly due to the non-reciprocal characteristics between the DL and UL interference profiles. Although long-term statistics are used and hence the burstiness of interference tends to be averaged out, it is unclear whether the long-term interference statistics can be assumed reciprocal. 
· Furthermore, the availability of such UL signals may not be guaranteed except for the SRS (which can be scheduled or triggered by the eNodeB). At the same time, the limited SRS capacity has been a widely recognized problem in Rel.10. Such increase in the use of SRS tends to aggravate the prevalent SRS capacity problem.  
Hence, the performance of scheme 2 needs to be further studied while at the same time weighing the apparent problems described above. 
Unlike the two previous schemes, scheme 3 proposes a new UE measurement which is based on CSI-RS. This undoubtedly requires at least a new measurement procedure to be standardized such as a CSI-RS-based RSRP measurement [8]. Since the Rel.10 CSI-RS-based reporting is resource-specific, each RRH can be assigned a CSI-RS resource. Such setup accommodates the CoMP measurement set selection for scenario 4. While this solution is expected to be superior in terms of performance/accuracy, the following issues still need to be further investigated
· Since the density of CSI-RS is significantly sparser than CRS, the accuracy of the long-term statistics measured from CSI-RS need to be confirmed. For a reasonably high time granularity, it is expected that the accuracy is sufficient. For low time granularity, the accuracy needs to be evaluated.  
Note that scheme 3 is relevant for UL CoMP as well. Hence, the support for scheme 3 may address two problems in Rel.11. 
Comparing the three schemes in terms of receiver complexity, it is apparent that schemes 1 and 2 impose some additional computational complexity at the eNodeB. Scheme 3, on the other hand, results in more UE impact compared to the other schemes. 
Based on the above discussion, the following proposals are made:

· Focus further work on comparing scheme 2 (measurement based on UL signals) and 3 (CSI-RS-based measurement) as the feasibility of scheme 1 is dubious. 
· Scheme 3 seems to be promising as it accommodates not only CoMP scenario 4, but also UL CoMP.
2.2. Transmission point selection
Once the CoMP measurement set is determined, the transmission points (TPs) are selected from it to form the CoMP cooperating set as defined in [9]. As discussed in other contributions as well as the TR [9], the (subset of) transmission points are selected based on CSI feedback from the UE to all the potential transmission points in the CoMP measurement set. From here, there are several possibilities for configuring the UE-specific subset selection. That is, whether the cooperating 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. For instance, a new DL grant mechanism which signals the selection of CoMP cooperating set is needed. Dynamic also allows the possibility for the UE to recommend the TP subset – this leads to a new CSI feedback mechanism as well. Furthermore, the UE needs to perform measurements on all the available TPs. 

· 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. To signal the cooperating set, some additional RRC-signalling capability is needed. 

a. Alt1-1: The UE may not need to know which subset of TPs is used – especially if the CSI-RS is UE-specific. That is, the cooperating set (TP subset) is transparent to all the UEs.  

b. Alt1-2: Alternatively, all the UEs may know all the TPs and hence the UE needs to know the TP subset. Then the TP subset is RRC-signalled. This may lead to some further complication. 

Hence, Alt1-1 seems to be preferred.

· Combination between dynamic and semi-static signalling. The semi-static signalling configures a “semi-static” subset of TPs 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.

Since the TPs are well distributed across the cell, it is expected that semi-static signaling of the TP subset (which forms the CoMP cooperating set) is sufficient in a number of scenarios encountered in practice. This is especially true when the cell is sufficiently large and/or the UE moves at a reasonable speed. An exception to this would be the high-speed train scenario where TPs (typically RRHs) are deployed along a subway tunnel to provide reasonable coverage for a UE inside the subway. In this case, the UE moves at a very high speed (~350 kmph) and the TP subset may change rapidly. This suggests that some element of dynamic selection is beneficial.
In light of the above discussion, the following proposal is made:

· From the CoMP measurement set, a subset of TPs is selected to form the CoMP cooperating set. Further study is needed to determine whether semi-static subset selection is sufficient or some element of dynamic selection is needed.
3. Conclusion

In this contribution, the issue of CoMP measurement set selection in relation to the RRM measurement set management was discussed. The following proposals were made:
· Focus further work on comparing scheme 2 (measurement based on UL signals) and 3 (CSI-RS-based measurement) as the feasibility of scheme 1 is dubious. 

· Scheme 3 seems to be promising as it accommodates not only CoMP scenario 4, but also UL CoMP.
· From the CoMP measurement set, a subset of TPs is selected to form the CoMP cooperating set. Further study is needed to determine whether semi-static subset selection is sufficient or some element of dynamic selection is needed.
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