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1 Introduction

The agreements on CoMP CSI periodic feedback made in RAN1#70 are as follows [1]:
	Note:

· One Rel-11 “CSI process” is the association of one channel part (one NZP CSI-RS resource from the CoMP measurement set) and one interference part.

· An  “CSI process” can also be the CSI report of a cell with CSI-RS or CRS, but without IMR(Rel-10 or earlier)

·  Note 1: This does not preclude the possibility of reporting CSI for multiple “CSI processes” in the same PUCCH.

Agreement:

· All the Rel 10 CSI reporting modes are supported for CoMP in Rel 11.

· All the Rel 10 CSI reporting types are supported for CoMP in Rel 11.

· The Rel 10 rules for collisions between different CSI reports in the non-CA case also apply for non-CA CoMP for the case of collision between CSI reports within one “CSI process”.
Working assumption 

· Rel-11 supports the feedback configuration and reporting for simultaneous CA and CoMP.

· Strive for reduction of UE complexity in CSI report design, e.g. limiting number of CSI processes, etc
· Indexing scheme for CSI processes:

· Alt1: Indexing is defined within a given CC

· Alt 2: Indexing is defined across all configured CCs 

Working assumption:   Alt 1. 
· Dropping rule is supported based on reporting type and CSI process/CC index

· Alt 1: Reporting type ( CSI process index ( CC index

· Alt 2: Reporting type ( CC index ( CSI process index

Agreement: 

Alt 1 of dropping rule is agreed. 


In this contribution, we will discuss the remaining issues for CoMP periodic feedback, such as multiplexing and compression, etc.
2 Discussion
2.1 Common RI/subbands
At the RAN1#70 meeting [2] and later email discussion [3], some companies supported the common RI/subbands for CoMP and argued that the common RI is beneficial for CoMP scheduling, especially for JT scheme. Nevertheless, some companies showed that the common RI would degrade the performance of CoMP.
In our view, even if the common RI is supported for CoMP, the potential compression gain such as UL overhead reduction etc., resulting from the saved RI is trivial, since RI is wideband and always has long periodicity. Therefore, we prefer not to support the common RI for periodic feedback in Rel-11.
Proposal 1: The common RI for periodic feedback is not supported in Rel-11.
An issue in the reporting modes 2-x corresponding to UE selected subbands CQI is whether the multiple CoMP CSI processes share the same subbands selected by UE.

In general, the common subbands are necessary for JT, where eNB needs schedule a UE on the same subbands among cooperating TPs. However, the common subbands may be harmful for DPS/DPB from performance perspective. Without the restriction of the common subbands, UE may select the preferred subbands which might be different for different TPs. Consequently, the eNB will typically try to schedule the UE to the best subbands of single TP for optimal subbands scheduling. Obviously, restriction of common subbands only will limit the benefit of optimal subbands scheduling.
On the other hand, the common subbands seem to be necessary for CS/CB. Without the restriction of common subbands, i.e. the subband CSI from the serving TP has different subbands with the subband CSI from the cooperating TPs, the subband CSI from the cooperating TPs becomes not helpful for subband scheduling. However, even with the restriction of common subbands, the application of reporting mode 2-x for CS/CB is limited. The limitation is that eNB needs to know the subband CSI of UEs served by the cooperating TPs, since CS/CB requires multi-user coordination. Instead, the better applicable CSI reporting modes for CS/CB may be:

· The reporting modes corresponding to wideband CQI;

· The reporting modes of aperiodic feedback corresponding to network configured subbands CQI, which helps to facilitate the subband scheduling, as mentioned in [4].
Observation 1: The common subbands are only necessary for JT.

However, the issue of the subbands scheduling for JT can be alleviated by some methods, such as:
· Restricting JT in the reporting modes corresponding to UE selected subbands CQI, i.e. JT will be enabled only when the same subbands are selected by UE for different TPs;

· Compensation of the reporting modes corresponding to wideband CQI;

· Compensation of the reporting modes of aperiodic feedback corresponding to network configured subbands CQI.

Observation 2: The necessity of common subbands for JT seems not critical.

It should be noted that the frequency selective DPS may not be supported [5], since PDSCH DMRS is assumed by a UE to be quasi-co-located within a subframe instead of a PRG. However, even though the frequency selective DPS is not supported, the frequency-selective scheduling for DPS is still applicable, but only one TP will be dynamically selected within a subframe.

For JT, the frequency selective JT may not be supported either. Furthermore, there are still some issues for implementation of JT, such as:

· The quasi-co-located assumption for PDSCH DMRS to CSI-RS is mainly optimized for DPS rather than for JT, since the signal are transmitted from multiple CSI-RS for JT scheme;

· The CQI for JT is not clear. In [6], some companies have the concern that it is not clear how to combine the CQI for JT;
· Downlink signalling to indicate the rate matching for simultaneous transmission of multiple cells is still FFS.

Therefore, even if common subband are supported, JT still suffers from the above open issues, which may not be addressed in Rel-11 due to time limitation.
Observation 3: Even if common subbands are supported, JT still suffers from some significant problems.
If the common subbands were to be supported, there are two alternatives:

· Alt-1: The common subbands follow the subbands selected in the subbands-reference CSI process;

· Alt-2: The common subbands are selected by UE with consideration of all TPs in measurement set.
For Alt-1, as mentioned in the email discussion [3], the best subbands selected by the UE for the subbands-reference CSI process may not be adapted to the other CSI processes. As it will cause performance degradation, the performance requirement for the subbands-reference CSI process needs to be further justified. Alt-1 is network-specific, so how to select the reference CSI process by higher layers needs to be defined. To guarantee the performance of fallback transmission, i.e. non-CoMP operation, the reference CSI process may be the CSI process of serving TP without interference hypothesis of DPB. However, if the reference CSI process is fixed, the flexibility of semi-static configuration by the reference CSI process will vanish. Thus, further considerations on Alt-1 are required before any standardisation effort can be carried out.

For Alt-2, the joint selection of subbands is the new behaviour for the CoMP UE, which is not compatible with the legacy UE behaviours. The change of UE behaviour will require significant efforts for new RAN4 testing. Furthermore, if the subbands are selected by comprehensively considering all cooperative TPs, the subbands are again not the best subbands for fallback transmission, i.e. non-CoMP operation, which will lead to performance degradation.

Therefore, we have the concern that:

Observation 4: The configuration of common subbands needs further studies.
Based on the above discussions, we suggest that:
Proposal 2: The common subbands are not supported in Rel-11.
2.2 Compression and multiplexing of CoMP CSI
Compression can generally be achieved from the dependencies between different sources of information. As mentioned above, the dependencies among CSI processes with respect to common RI/subbands are hard to be exploited. Furthermore, we have not found other dependencies among CSI processes. Thus, we suggest:
Proposal 3: Compression of CSI for periodic feedback is not supported in Rel-11.

We should keep in mind that the essential enhancement of MIMO feedback by new reporting modes or types should be prohibited in the context of CoMP feedback for Rel-11. More specifically, the potential gain of such new reporting modes or types actually has not yet been justified and will cause a plenty of negative unforeseen impacts, e.g. feedback overhead and much higher UE complexity etc. If we compare the characteristics between CoMP feedback and MIMO feedback, the only difference seems to be that CoMP feedback has the dependencies among CSI processes, while MIMO feedback does not. However, as discussed above, it is not applicable to exploit the dependencies among CSI processes with respect to common RI/subbands. Therefore, supporting new reporting modes and types does not seem to be a beneficial function for CoMP periodic feedback.
Proposal 4: The new reporting modes or types for periodic feedback are not supported in Rel-11.
As the conclusion from the RAN1#70 meeting, the multiplexing of CSI for CA is not adopted in Rel-11, since no consensus was reached on which channel is used for multiplexing. Therefore, the multiplexing of CSI will only happen within a single CC that supports CoMP operation, if the multiplexing for CoMP CSI is supported in Rel-11. Only multiplexing CSI for CoMP helps to reduce the complexity. On the other hand, it is a common sense that the integrity requirement of CSI for CoMP operation is higher than that for CA, which implies that CSI multiplexing for CoMP is more critical than CSI multiplexing for CA. Furthermore, the collisions of periodic CSI reports can be alleviated in a TDM manner, and thereby even the multiplexing of 2 CSI reports, e.g. by PUCCH format 3, will largely decrease the collisions rate. If CoMP plus CA is supported, the total number of CSI processes may be up to 6 or 8 in all CCs according to [7]

 REF _Ref336678989 \r \h 
 \* MERGEFORMAT [8], The number of CSI processes in all CCs is only slightly more than that in Rel-10 CA. Hence, the CSI multiplexing for CoMP is important for ensuring the claimed performance gain of CoMP+CA. Thus, the CSI multiplexing for CoMP should be supported in Rel-11.
Proposal 5: The CSI multiplexing for CoMP should be supported in Rel-11.

The multiplexing of multiple CSI reports with different types requires heavy standardisation efforts. If the multiplexing of multiple CSI reports with different types is supported, the relationship between multiplexing and dropping has two options:
· Alt-1: Dropping before multiplexing;
· Alt-2: Multiplexing before dropping.

For Alt-1, the dropping rules should be enhanced from the current rule (i.e. Reporting type ( CSI process index ( CC index), since CSI reports with low priority type are dropped completely and thus they would never be multiplexed. For Alt-2, the remaining dropping operations after multiplexing, when the control channel cannot accommodate all CSI reports, will be too complicated with consideration of the “combined types”. Thus, for both alternatives, the multiplexing of multiple CSI reports with different types needs heavy standardisation efforts.
On the contrary, if the multiplexing of multiple CSI reports with different types is not supported, the design of multiplexing and dropping procedures will be much simpler. For example, dropping can be done before multiplexing, i.e. the multiplexing can be enabled at any step of dropping process (CSI process index ( CC index) once the control channel can accommodate the multiplexed CSI reports.
Proposal 6: Multiplexing of multiple CSI reports with different types, but from the same “CSI process” is not supported in Rel-11.
3 Conclusion
In this contribution, we have discussed the remaining issues for CoMP periodic feedback, and our suggestions are summarized as follows:

Proposal 1: The common RI for periodic feedback is not supported in Rel-11.
Proposal 2: The common subbands are not supported in Rel-11.
Proposal 3: Compression of CSI for periodic feedback is not supported in Rel-11.
Proposal 4: The new reporting modes or types for periodic feedback are not supported in Rel-11.
Proposal 5: The CSI multiplexing for CoMP should be supported in Rel-11.
Proposal 6: Multiplexing of multiple CSI reports with different types, but from the same “CSI process” is not supported in Rel-11.
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