3GPP TSG RAN WG1 Meeting #69
R1-122930
Prague, Czech Republic, 21st – 25th May 2012
Agenda Item:
7.5.1.4

Source: 
Fujitsu
Title:                     Email discussion [69-10]: Details of collision handling and compression/multiplexing in case of 2 or more CSIs being configured in the same reporting instance for CoMP CSI feedback
Document for:
Discussion and decision
1. Introduction
In RAN1#69 the following working assumption was adopted in relation to CSI feedback for CoMP:-
· Independent configuration of multiple CSIs for periodic report

· At least in the case of PUCCH:

· In case 2 or more CSIs are configured in the same reporting instance(s), FFS the details of 

· Collision handling

· Compression/multiplexing

· Observation: By configuring 2 or more CSIs with the same set of reporting instances, it is possible to compress/multiplex multiple CSIs into the same set of reporting instances

An email discussion until June 29 was agreed on the FFS parts above.
2. Background and framework for discussion
Here we note the following agreement:

· The eNB configures the CSI(s) to be reported by the UE

· A Rel-11 UE can be configured to report one or more CSIs per CC
· Each CSI is configured by the association of

· Channel part: one NZP CSI-RS resource in CoMP Measurement Set

· Interference part: 
· one Interference Measurement Resource (IMR) which occupies a subset of REs configured as Rel-10 ZP CSI-RS
· FFS whether one or two NZP CSI-RS resources can be configured, on which ports the UE assumes the transmission of an isotropic signal to be considered as interference in addition to the interference measured on the configured IMR
· Configuration of multiple CSIs
· IMRs associated with different CSIs can be configured independently
· If NZP CSI-RS resources are configured (as per the FFS above), they can be different for different CSIs
· FFS the maximum number of CSIs configurable for one UE 

· This does not affect the ability to configure subframe subsets for CSI reporting

· If PMI/RI reporting is configured, each CQI is associated with a PMI+RI

Note : this is independent of consideration of sub-band / wideband CQI values. 

Therefore for the purposes of this discussion the following assumption is proposed:

· CSI reports for multiple NZP CSI-RS resources can be configured for periodic feedback on PUCCH for CoMP in a similar way to CSI reports for carrier aggregation.
Taking these as a starting point leads to the following proposals:

· As a baseline, the Rel 10 CSI reporting modes as in 36.213 Table 7.2.2-1 are supported for CoMP:
Table 7.2.2-1: CQI and PMI Feedback Types for PUCCH CSI reporting Modes

	
	
	PMI Feedback Type

	
	
	No PMI
	Single PMI

	PUCCH CQI                 Feedback Type
	
	
	

	
	Wideband
	Mode 1-0
	Mode 1-1

	
	(wideband CQI)
	
	

	
	
	
	

	
	UE Selected
	Mode 2-0
	Mode 2-1

	
	(subband CQI)
	
	


· As a baseline, the Rel 10 CSI report types are supported for CoMP:
· The following CQI/PMI and RI reporting types with distinct periods and offsets are supported for the PUCCH CSI reporting modes given in Table 7.2.2-3: 

· Type 1 report supports CQI feedback for the UE selected sub-bands 

· Type 1a report supports subband CQI and second PMI feedback
· Type 2, Type 2b, and Type 2c report supports wideband CQI and PMI feedback

· Type 2a report supports wideband PMI feedback

· Type 3 report supports RI feedback

· Type 4 report supports wideband CQI

· Type 5 report supports RI and wideband PMI feedback

· Type 6 report supports RI and PTI feedback
· For the purposes of discussion we identify the set of CSI reports corresponding to one NZP CSI-RS resource and with the same interference part, (which are reported on PUCCH in different subframes and which may have different types) as a “CSI report set”. Then all the CSI reports within one “CSI report set” would correspond to a single hypothesis about the transmission scheme and interference. This terminology could be changed if a more appropriate term is identified. 

· As a baseline, the Rel 10 rules for collisions between different CSI reports  apply for CoMP, with appropriate adaptations for the case of collision between CSI reports within one “CSI report set”, as follows: 
· In case of collision of a CSI report with PUCCH reporting type 3, 5, or 6 of one “CSI report set” with a CSI report with PUCCH reporting type 1, 1a, 2, 2a, 2b, 2c, or 4 of the same “CSI report set” the latter CSI report with PUCCH reporting type (1, 1a, 2, 2a, 2b, 2c, or 4) has lower priority and is dropped. 
· As a baseline, the Rel 10 rules for CA apply for CoMP, with appropriate adaptations for the case where multiple “CSI report sets” are configured, as follows:
· If the UE is configured with more than one “CSI report set”, the UE transmits only one CSI report in any given subframe. For a given subframe, in case of collision of a CSI report with PUCCH reporting type 3, 5, 6, or 2a with a CSI report of a different “CSI report set” with PUCCH reporting type 1, 1a, 2, 2b, 2c, or 4, the latter CSI report with PUCCH reporting type (1, 1a, 2, 2b, 2c, or 4) has lower priority and is dropped. For a given subframe, in case of collision of a CSI report with PUCCH reporting type 2, 2b, 2c, or 4 with a CSI report of a different “CSI report set” with PUCCH reporting type 1 or 1a, the latter CSI report with PUCCH reporting type 1, or 1a has lower priority and is dropped.

· For a given subframe, in case of collision between CSI reports of different “CSI report sets” with PUCCH reporting type of the same priority, one of the CSI reports is reported, and the other CSI reports are dropped. 
· FFS how to select the CSI report which is reported.
· As an additional possibility, if CSI reports from two or more “CSI report sets” are configured with the same reporting instances, instead of dropping colliding reports it would be possible to compress/multiplex multiple CSI reports from different “CSI report sets” into the same reporting instance.
· FFS if this possibility is supported.
· Details FFS.
· As a further additional possibility, instead of dropping colliding reports, it would be possible to compress/multiplex multiple CSI reports with different types, but from the same “CSI report set” into the same reporting instance. Note that this kind of behaviour is not supported in Rel-10.
· FFS if this possibility is supported.
· Details FFS.
3. Company inputs

Company inputs were invited on the points listed below for periodic CSI reports on PUCCH when CoMP is configured. 
Companies participating in the discussion were: Qualcomm, New Postcom, ALU-ASB, Huawei, Intel, Texas Instruments, ITRI, Fujitsu, CATT, NNSN, Samsung, LGE, Ericsson/ST-E, ZTE, Panasonic, Renesas, Hitachi, NEC, HTC, Docomo, InterDigital, Sharp
The detailed input on the main topics is captured in Annex A and summarized below. Other points raised are captured in Annex B. Comments on the first version of the Proposals made below are in Annex C. 
· Whether the general principle is acceptable that CSI reports for multiple NZP CSI-RS resources can be configured for periodic feedback on PUCCH for CoMP in a similar way to CSI reports for carrier aggregation.
· Most companies supported re-using the principles of periodic CSI reporting from CA. However, there were a number of comments indicating that CoMP-specific modifications should be considered.  A few companies expressed concerns that independent configuration of CSI reports would not be suitable for CoMP and that joint configuration is necessary. There were also some comments on the exact wording of the proposed principle. A further suggestion was that a CSI report could include multiple CQIs corresponding to multiple interference hypotheses. It was also suggested that CSI reports  for multiple interference parts could be handled in a similar way to eICIC. 
· Proposal 1: As a general principle, CSI reports for multiple different combinations of an NZP CSI-RS resource with an interference part can be configured for periodic feedback on PUCCH for CoMP in a similar way to CSI reports for multiple cells in carrier aggregation.
· Whether all the Rel 10 CSI reporting modes are supported for CoMP in Rel 11and whether additional modes are required for CoMP.

· Most companies agreed that all the existing reporting modes should be supported for CoMP operation. Several companies suggested new modes or modifications of existing modes. Some examples are: joint configuration, common RI, multiple CQI for different interference hypotheses. Some companies raised the concern that sub-band selection should be coordinated between CSI processes.
· Proposal 2: All the Rel 10 CSI reporting modes are supported for CoMP in Rel 11. CoMP- specific modifications and/or new modes are FFS.
· Whether all the Rel 10 CSI reporting types are supported for CoMP in Rel 11 and whether additional types are required for CoMP .

· Almost all companies agreed that all the Rel 10 CSI reporting types should be supported for CoMP in Rel 11. Several companies considered that compression/multiplexing, if introduced, would require the definition of new types, but other companies thought that multiple types could be carried on the same PUCCH. Some companies suggested modifications, such as omitting the sub-band label if this is shared between multiple reports. 

· Proposal 3: All the Rel 10 CSI reporting types are supported for CoMP in Rel 11. CoMP- specific modifications and/or new types are FFS.
· Whether the proposed concept of “CSI report set” is useful (and any suggestion for better definition/ terminology)

· Most companies agreed that the concept of “CSI report set” (or equivalent) was useful for discussion. Some companies considered that the proposed definition was not compatible with compression /multiplexing, for example the possibility of including CSI for multiple interference hypotheses in the same CSI report. It was also suggested that the adopted terminology should also be applicable to aperiodic CSI. Alternative proposals were “CSI measurement process”, “CSI report process”, “CSI set”, “CSI packages”. The term “CSI process” seemed to have the most general support.
· Proposal 4: One “CSI process” is the association of one channel part (one NZP CSI-RS resource from the CoMP measurement set) and one interference part (one interference hypothesis). Note 1: This does not preclude the possibility of reporting CSI for multiple “CSI processes” in the same PUCCH. Note 2: It is FFS whether the definition of CSI process, or a different term, is needed in the specifications.
· Whether the proposed baseline for collisions between different CSI reports within one “CSI report set” is appropriate and/or sufficient (i.e. the Rel 10 rules for collisions between different CSI reports in the non-CA case also apply for CoMP, with appropriate adaptations).

· Most companies agreed that this baseline was sufficient. Some companies noted that modified rules would be needed if new reporting types were introduced. 
· Proposal 5:  The Rel 10 rules for collisions between different CSI reports in the non-CA case also apply for CoMP for the case of collision between CSI reports within one “CSI process”. FFS: the details of any adaptations for CoMP. Note: This conclusion could be revisited if collision rules are modified for CA in Rel 11.
· Whether the proposed baseline for collisions between different CSI reports from different “CSI report sets” is appropriate and/or sufficient. (i.e. the Rel 10 rules for collisions between different CSI reports for different cells in the CA case also apply for CoMP, with appropriate adaptations).
· Most companies agreed with this baseline. Several companies noted the potential impact of dropping CSI reports on CoMP performance, and that avoiding dropping (e.g. by compression/multiplexing) would be preferred.
· Proposal 6:  The Rel 10 rules for collisions between different CSI reports in the CA case also apply for CoMP for the case of collision between CSI reports for different “CSI processes” and with different priorities. FFS: the details of any adaptations for CoMP . Note: This conclusion could be revisited if collision rules are modified for CA in Rel 11.
· How to select the single CSI report which is reported in case of collision between CSI reports of different “CSI report sets” with PUCCH reporting type of the same priority

· Some companies suggested that compression/multiplexing could be applied. Proposed dropping based solutions included:  Selecting the report from the CSI process with the lowest index, selecting the report with the highest configured priority, allowing the UE to select the report, selecting the report with the longest periodicity.

· Proposal 7: In the case of collision between CSI reports of different “CSI processes” with PUCCH reporting type of the same priority, and if suitable compression/multiplexing is not defined, the report from the CSI process with the lowest index is selected.

· Where CSI reports from two or more “CSI report sets” are configured with the same reporting instances, should it be supported to compress/multiplex multiple CSI reports from different “CSI report sets” into the same reporting instance? If so, what are the details?  
· Company views were divided, mainly among the following:

· Compression/multiplexing should be supported (to avoid dropping)  

· Multiplexing should be possible in time frequency and spatial dimensions  

· Compression and/or multiplexing should be supported for PUCCH Format 3 only

· Compression/multiplexing should be the same as any adopted for CA

· Use of PUCCH Format 3 should follow conclusions from CA

· Need is unclear

· Proposal 8: Decisions on the use of PUCCH Format 3 and support for compression/multiplexing of CSI for CoMP should take into account conclusions from CA.

· Should it be supported to compress/multiplex multiple CSI reports with different types, but from the same “CSI report set” into the same reporting instance?  If so, what are the details?
· Almost all companies did not see a strong need for this feature in Release 11. However, it was noted that CA and CoMP should be aligned in this area. 
· Proposal 9: Compression/multiplexing of multiple CSI reports with different types, but from the same “CSI process” into the same PUCCH is not supported. This conclusion could be revisited if such a feature is introduced in CA.
· Details of transmission of periodic CSI reports on PUSCH
· Company views were divided, mainly among the following:
· Align with CA

· When PUSCH occurs, periodic CSI is reported on PUSCH, even for UEs with simultaneous PUSCH/PUCCH capability

· It should be supported to configure periodic CSI on PUSCH (using same multiplexing as for aperiodic CSI)

· Proposal 10:  Details of periodic CSI reporting on PUSCH are FFS
4. Conclusions
Based on the discussion, the following proposals are offered for consideration and possible agreement:-
· Proposal 1: As a general principle, CSI reports for multiple different combinations of an NZP CSI-RS resource with an interference part can be configured for periodic feedback on PUCCH for CoMP in a similar way to CSI reports for multiple cells in carrier aggregation.
· Proposal 2: All the Rel 10 CSI reporting modes are supported for CoMP in Rel 11. CoMP- specific modifications and/or new modes are FFS.
· Proposal 3: All the Rel 10 CSI reporting types are supported for CoMP in Rel 11. CoMP- specific modifications and/or new types are FFS.
· Proposal 4: One “CSI process” is the association of one channel part (one NZP CSI-RS resource from the CoMP measurement set) and one interference part (one interference hypothesis). Note 1: This does not preclude the possibility of reporting CSI for multiple “CSI processes” in the same PUCCH. Note 2: It is FFS whether the definition of CSI process, or a different term. is needed in the specifications.
· Proposal 5:  The Rel 10 rules for collisions between different CSI reports in the non-CA case also apply for CoMP for the case of collision between CSI reports within one “CSI process”. FFS: the details of any adaptations for CoMP . Note: This conclusion could be revisited if collision rules are modified for CA in Rel 11.
· Proposal 6:  The Rel 10 rules for collisions between different CSI reports in the CA case also apply for CoMP for the case of collision between CSI reports for different “CSI processes” and with different priorities. FFS: the details of any adaptations for CoMP . Note: This conclusion could be revisited if collision rules are modified for CA in Rel 11.
· Proposal 7: In the case of collision between CSI reports of different “CSI processes” with PUCCH reporting type of the same priority, and if suitable compression/multiplexing is not defined, the report from the CSI process with the lowest index is selected.
· Proposal 8: Decisions on the use of PUCCH Format 3 and support for compression/multiplexing of CSI for CoMP should take into account conclusions from CA.
· Proposal 9: Compression/multiplexing of multiple CSI reports with different types, but from the same “CSI process” into the same PUCCH is not supported. This conclusion could be revisited if such a feature is introduced in CA.

· Proposal 10:  Details of periodic CSI reporting on PUSCH are FFS
Other points emerging:-
· Support for simultaneous CA and CoMP should be discussed further
· Possible interaction between CoMP CSI reporting and subframe subsets for eICIC

· The concept of “CSI process” may also be applicable to CA
Annex A: Company inputs on main topics
Company inputs were invited, in particular on the following points for periodic CSI reports on PUCCH when CoMP is configured:

· Whether the general principle is acceptable that CSI reports for multiple NZP CSI-RS resources can be configured for periodic feedback on PUCCH for CoMP in a similar way to CSI reports for carrier aggregation.

[Moderator] Subsequent discussion suggested that better wording would have been:- 

· Whether the general principle is acceptable that CSI reports for multiple different combinations of an NZP CSI-RS resource with an IMR can be configured for periodic feedback on PUCCH for CoMP in a similar way to CSI reports for multiple cells in carrier aggregation.

 [Qualcomm] Yes, in our view it is useful to reuse the general CA principles as much as possible. 
[New Postcom] Yes, we think that the conclusions from CA periodic feedback should be reused in CoMP periodic feedback wherever possible.
<ALU-ASB>
No.  The principle of CSI reports for CA and CoMP is different as we indicated in R1-122480.  CoMP  requires to collect all CSI feedbacks for coordination.  For carrier aggregation, CSI could be independently reported since channel state information for each carrier is different.  
[Huawei] Some clarification would be needed, since there are cases where all CSI reports are associated with the same NZP CSI-RS resource but different interference parts. So at least we would suggest the following re-wording of the proposal:

· Whether the general principle is acceptable that multiple CSI reports processes for multiple NZP CSI-RS resources can be configured for periodic feedback on PUCCH for CoMP in a similar way to CSI reports for carrier aggregation.

We also suggest the terminology “CSI processes”, as explained in our comment to proposal 4 below. We would like to note, however, that this proposal is a bit unclear even after re-wording. We would prefer to focus on the subsequent detailed points below rather than having this general statement, because in a large part we can reuse CA principles but they will sometimes need to be adapted for particular requirements of CoMP. In particular, we agree with ALU’s comment that all CSI feedback are needed for coordination, contrary to CA.

[Intel] In our view reusing general CA principles for periodic feedback for CoMP is reasonable approach. We also agree with Huawei comment that some CSI reports may be associated with the same NZP CSI-RS resource but different interference parts.
[Texas Instruments]: Yes. There are fundamental commonalities between CA and CoMP feedback as discussed in R1-122733. It is natural to reuse the existing Rel.10 CA mechanisms to avoid unnecessary specification complications. 
[ITRI] We agree to use a framework similar to CA for CoMP feedback. However, as pointed out by ALU and Huawei, gathering all CSI reports is essential for proper CoMP operations, further enhancements on collision handling mechanism other than CSI-dropping is worth considering.
[Fujitsu] In our view, it is better to reuse as far as is reasonable the general CA principles for periodic feedback for CoMP in order to save specification work load. However, there is a tradeoff between CSI feedback overhead and CoMP performance gain. Therefore, it will be better to put as much useful CSI as possible in the configured uplink feedback container and keep the dropping probability to an acceptable level.
[CATT] The updated wording of this bullet by moderator seems clearer and more reasonable to us. We note that general principle as we understand here is to indicate the similar way of CSI report configuration in CA, such as independent periodicity, offset and etc. From this understanding, mostly this general principle is okay. However, some of other related aspects to CSI reports, for which CoMP may ask for additional consideration, may not have to follow all of CA current mechanism. For instance, feedback mode itself would be independently configured for each of CSI report sets, but contents reflected by mode could be dependent among CSI reports sets, e.g. when applying common RI, PMI.

[NNSN]: The general principle of enhancing CA framework for CoMP is ok. 
[Samsung]: We agree that CA principles could be reused as much as possible for the configuration of periodic CSI reports on PUCCH for CoMP. However, it needs further discussion whether the concept of “one CC” in CA corresponds to “one NZP CSI-RS resource and one interference hypothesis” or “one NZP CSI-RS resource and multiple interference hypotheses in CoMP”.  If we follow the former concept, each CSI report would include one CQI. On the other hand, if the latter concept is adopted, each CSI report would include multiple CQIs.

[LGE] No, although independent configuration of multiple CSIs for periodic report is captured in current working assumption, in our view, technical reason to support independent configuration still seems insufficient. Firstly, unlike multiple CSIs for CA, multiple CSIs for CoMP are determined based on the same carrier component, resulting in the same transmission mode and feedback mode among them in most cases. Secondly, considering possible partial dependency among multiple CSIs for CoMP such as common RI and common sub-band as we indicated in R1-113982, there is doubt that CA based feedback framework is really suitable for CoMP. Accordingly, we think that dependent configuration is more desirable for CoMP multiple CSIs. To be specific, in order to avoid collision among different CSI report sets, it seems better to allow just single PUCCH configuration for multiple CSI report sets and multiplex them in TDM manner than to allow independent PUCCH configuration per CSI report set like CA based feedback mechanism.

[Ericsson/ST-E]: Yes, we think that reusing the CA framework is a good starting point for the CoMP CSI reporting. However, we anticipate that primarily aperiodic reporting will be used to support CoMP and therefore believe that we should avoid optimizations of the periodic reporting modes.  Regarding the moderator addition above, we are fine with this new wording, apart that “with an IMR” should be replaced by “with an interference part”, since the interference derivation may not be fully determined by an IMR if interference emulation is adopted.

[ZTE]: Yes, CA framework can be re-used for periodic PUCCH feedback for CoMP in general.   CSI reports with multiple interference parts can be handled in a similar way as eICIC. i.e. reporting  CSI with different interference parts depending on two sets.   This way “one CC” in CA corresponds to “one NZP CSI-RS resource”.   The same reporting mode is used for CSI reports corresponding to the same NZP CSI-RS resource with different interference parts.
[Panasonic] The configuration options provided by CA should be sufficient to support effective CoMP CSI reporting. While the full CA-like configurability is probably not strictly required, we think it is more efficient to allow that flexibility instead of trying to optimize the configuration options.
[Renesas] As noted above, one should be careful when applying the CA rules for CoMP, reason being that dropping feedback from points in cooperation set means no CoMP operation. As noted in recent discussion, the issues of mode 2-x may be alleviated through dependent feedback configuration. It is unfortunate that in one technique which requires coordination of CSI feedback working at its best, this is done in independent manner. We also believe that periodic reporting should be in particular address as these kind of light feedback modes are to be appealing in practice and also naturally support UEs in cell edge conditions for which UL feedback conditions are not best. We have reported robust gains in R1-121391 for both DPS and JT.
[Hitachi]: We agree with Ericsson that interference part for CQI generation should not be limited to single IMR based. Samsung’s comments raised a good point that one CSI report may contain multiple CQIs, which are generated based on multiple interference parts. We should be careful on the wording. However, we think even for the case one CSI report corresponds to one NZP CSI-RS resource and multiple interference hypotheses, reusing CA feedback framework is still reasonable solution and it should be accepted as the baseline.

[NEC] We agree that the principles for periodic CSI reports should be reused as much as possible. For small number of CSI processes, the TDM multiplexing of periodic CSI reports is simple and efficient without large delay problem. However, for large number of CSI processes, part of CSI processes should be compressed/multiplexed in the same instances to save the latency. For example, the CSI reports with common RI, common PMI and/or common subbands of different CSI processes may be reported in one PUCCH.

[HTC] We agree the periodic CSI reporting for CA shall be reused for CoMP as much as possible. However, due to the scenarios of CA and scenarios of CoMP are different; fully reuse may not be appropriate. For example, from the reporting types/modes perspective we agree ALU that, due to the network coordination is critical in CoMP operations, whether to support mode 2-0 and 2-1 (UE-selected sub-band CQI) shall be further study. Another example is the collision handling; we also agree ALU that, due to proper CoMP operations need to gather reports simultaneously, additional effort on collision resolution is necessary.
[DCM] Yes. We agree to reuse general CA principles for CoMP feedback. But we should carefully consider how to determine the CSI reports like in CA.

[InterDigital] We agree to reuse the CA framework for each CSI process as a starting point. As suggested by some other companies, we think that some modifications may be needed to address dependencies between the contents of different CSI processes.

[Sharp] Yes, we agree with the general principle of reusing CA CSI report framework for periodic CSI reports for CoMP.  
· Whether all the Rel 10 CSI reporting modes are supported for CoMP in Rel 11and whether additional modes are required for CoMP.

<ALU-ASB> We think that only selective CSI reporting modes should be supported for CoMP as we indicated in R1-122480.  CoMP requires coordination of resource allocation and precoding by the eNB.  Thus, the CSI reporting modes to support CoMP should be network configured.  

[Huawei] The four existing CSI reporting modes should be supported for CoMP. We see no need to add new modes.

[Intel] The existing CSI reporting modes are sufficient for CoMP. However periodic CSI reporting procedures should be adapted if some dependencies between CSI reports (e.g. common RI, common PMI, and common set of preferred subbands) will be introduced in RAN1 to provide support for JT CoMP and to minimize CSI processing complexity at the UE. One potential approach could be disabling some of CSI components for CSI report. 
[Fujitsu] The existing periodic CSI reporting modes, mode 1-0, 2-0, 1-1, 2-1, are supported to provide the required feedback for CoMP transmission in different scenarios.

[CATT] Rel-10 CSI reporting modes reflect whether feedback includes frequency selective information. From this perspective, the four existing CSI reporting modes are sufficient. However, the descriptions of modes in 36.213(section 7.2.2) may need to be complemented when applying common RI, PMI and etc. Since if so, dependency is introduced into CSI report sets, even if some of CSI components e.g. RI are disabled as mentioned by Intel, subsequent CSI component, e.g. CQI, needs to know its calculation condition (its default last reported periodic RI may already be disabled).

[NNSN]: All Rel.10 CSI reporting modes are supported. We do not see a need for additional periodic CSI reporting modes. FFS whether some of the CSI report modes are not allowed to be configured when a UE is configured with more than N CSI report sets. N is a number to be defined in the spec.
[Samsung]: All CSI reporting modes in Rel-10 should be supported for CoMP. Regarding new reporting modes, the need is dependent on the discussion in the first bullet point whether each CSI report is associated with “one NZP CSI-RS resource and one interference hypothesis” or “one NZP CSI-RS resource and multiple interference hypotheses in CoMP”. If the former applies, a new mode would not be needed. On the other hand, if the latter is adopted, a new reporting mode for multiple PMI might be needed. But if some dependencies between CSI reports are introduced as mentioned by Intel, a new reporting mode might not be needed because one common PMI and/or RI would be reported for multiple interference hypotheses.

[LGE] The existing CSI reporting modes are sufficient and it seems reasonable to support all the Rel 10 CSI reporting modes for CoMP in Rel 11.

[Ericsson/ST-E]: We believe that the four reporting modes in Rel-10 are sufficient. However, we see some difficulties with the UE selected subband CQI modes, which become quite useless, in many cases, if the selected subbands are independent for the different CSI processes (corresponding to different CSI reporting sets). For example, for a joint transmission the reported subbands must necessarily be the same for the two NZP CSI-RSs. Similarly, for DPB it becomes problematic if the CSI for two CSI reporting sets, corresponding to the two different interference hypotheses, do not share the same UE selected subbands. Hence, if we are to support reporting modes 2-x, then we need to introduce some RRC configuration for reusing the UE selected subbands of one CSI reporting set to be reused also in some other CSI reporting sets… Alternatively, we do not support the reporting modes 2-x.
[ZTE]:  All existing CSI reporting modes in Rel-10 should be supported for CoMP.   Some simple dependencies (e.g. common RI) between multiple CSI report sets can be introduced without adding the new reporting modes.  
Regarding the support of reporting modes 2-x, we think it is fine to just support it as it is.   Depending on the scheduling algorithm, independent subbands selection is useful in some cases.  For example, if two different interference conditions experienced by a victim pico UE correspond to aggressor macro’s ABS and non-ABS, it is preferable for this pico UE to report selected subbands independently.  Based on the subframe types, the network then can schedule the pico UE in its corresponding best subbands which can be different in different interference conditions. Similarly for DPS, the network may want to know different selected subbands corresponding different TPs so that it can schedule the UE in different subbands depending on the selected TP.  For DPS, it is not clear to us whether it is better to put the restriction of following the selected subbands of one particular TP especially if we also take offloading into account for DPS.  In some cases, having the same selected subbands can be useful but we don’t see a strong need for this optimization.  
[Panasonic] New reporting modes would be reasonable in our view if the payload supported by the PUCCH is larger than in PUCCH format 2x. Additional modes for other reasons would be an optimization and should therefore only be included in Rel 11 if time permits. Some modes might be removed to simplify testing/implementation, however if the CA mechanism is reused, this concern would be less important.

[Renesas] We believe the current CSI reporting modes are sufficient and there is no need to introduce something new. However, we should strive to make all the existing modes operate properly, for example the mentioned issues of modes 2-x should be properly addressed.

[Hitachi]: We think all the Rel. 10 CSI reporting modes should be supported in principal, but further study is needed for mode 2-x. We also think that new feedback modes should not be precluded, since some common properties such as common RI&PMI as mentioned by Intel, and the case each CSI report is associated with “one NZP CSI-RS resource and multiple interference hypotheses in CoMP” as mentioned by Samsung, may be considered to reduce the feedback overhead.

[NEC] We share similar views with Intel, CATT and Samsung. Besides the existing CSI reporting modes, a modified CSI reporting mode may need to be considered to include the case of common RI, PMI and subbands, etc.. 

[HTC] As we mentioned earlier, the UE-selected sub-band modes shall be further studied for CoMP. On the other hand, we agree that current reporting modes are sufficient for CoMP, but may not be optimal. As comments from Intel and Samsung, commonality among reports and additional modes reporting multiple PMIs shall be studied.
[DCM] We believe no need to define additional modes for CoMP.
[InterDigital] We believe that existing modes are sufficient for CoMP.

[Sharp] Release 10 CSI reporting modes are sufficient.

· Whether all the Rel 10 CSI reporting types are supported for CoMP in Rel 11 and whether additional types are required for CoMP .

[Qualcomm] By default we think that all Rel-10 periodic CSI reporting modes/types should be supported in Rel-11 CoMP. We don’t see a strong need to support additional modes/types in Rel-11.
[New Postcom] Yes, we think that the Rel-10 periodic CSI reporting modes/types are all necessary and sufficient for CoMP.
<ALU-ASB> CSI reporting types for CoMP will be different than CSI reporting type for single cell MIMO operation.  It is essential to define reporting types for CoMP.  

[Huawei] The existing CSI reporting types should be supported for CoMP. Our understanding is that a reporting type is only defined with respect to one CSI report set. If compression/multiplexing is introduced, then multiple reports may be contained in one PUCCH but that would not require to define a new reporting type. It would just require defining compression/multiplexing rules.

[Intel] The existing CSI reporting types should be sufficient for CoMP.
[Texas Instruments]: The existing modes/types should be supported. We do not see clear need to introduce new PUCCH modes/types for CoMP.
[Fujitsu] All the Rel.10 CSI reporting types could be supported for CoMP in Rel.11. We do not see a clear motivation for new additional CSI reporting types.

[CATT] In 36.213(section 7.2.2), reporting types are associated with distinct periods and offsets and each of types include its distinct content. Since so far no new feedback content is defined compared with what we have now, there is no need to have a new reporting type. But note that currently in Rel-10, there is only one reporting type in one PUCCH. If multiplexing is applied within one subframe, there could be more than one reporting types in one PUCCH. 

[NNSN]: All existing types should also be supported with CoMP. No need to introduce additional reporting types.
[Samsung] The existing CSI reporting types should be supported for CoMP.  In addition, if we consider a compression/multiplexing among multiple CSI reports, a new reporting type with a new payload size from Rel-10 could be needed.

[LGE] We think that all the Rel 10 CSI reporting types need to be supported for CoMP in Rel 11 and it is desirable to introduce additional reporting types, taking into account the dependency among multiple CSI reporting sets as mentioned above. 

[Ericsson/ST-E]: The current reporting types should be sufficient. We do however  note that in case we choose to support reporting modes 2-0 and 2-1, then we may consider for type 1 and 1a to be transmitted without including the L-bit subband label, since in that case the label may be shared by multiple CSI reporting sets as discussed above. 

[ZTE]:  Existing Rel-10 CSI reporting types should be sufficient to support CoMP.  Additional reporting types are not needed.

[Panasonic] The Rel 10 CSI reporting types for periodic reporting should be supported taking into account that aggregated CQI has been ruled out from Rel 11 already.

[Renesas] The current reporting types should be supported. The introduction of new reporting types depends on the compression/multiplexing schemes. For example feedback components of multiple CSI processes may be multiplexed in the same reporting type. As the essence of CoMP lies in multi-point CSI feedback available at eNB, we see the value of adding CoMP specific reporting types, however this should be done in the boundaries of current UL payload of PUCCH format 2 or format 3 if introduced.

[Hitachi]: Reusing all Rel. 10 reporting types is necessary. New reporting types should be considered only if new feedback modes are defined for periodic feedback. Otherwise Rel. 10 reporting types should be sufficient.

[NEC] All Rel.10 CSI reporting types should be supported for CoMP.  Additional reporting types may not be required even if multiple CSI reports are compressed/multiplexed in one PUCCH.

[HTC] We consider the Rel. 10 CSI reporting types can support CoMP operations, but may not be able to guarantee the performance. Therefore we agree to include all current reporting types, but suggest to keep studying whether there are additional reporting types could reduce the collision probability and the feedback overhead. 

[DCM] We believe no need to define additional types for CoMP.
[InterDigital] We believe that existing report types are sufficient for CoMP.

[Sharp] There is no need for introducing additional reporting type rather than ones in Release 10. In general, we think it is useful if a unified framework is used for CoMP and non-CoMP CSI reporting.
· Whether the proposed concept of “CSI report set” is useful (and any suggestion for better definition/ terminology)
[Qualcomm] Yes, in our view the concept of “CSI report set” is important for describing CoMP feedback procedures.  An alternative term that could be considered is “CSI feedback configuration.”
[New Postcom] Yes, we are fine for this definition.
<ALU-ASB> If “CSI report set” is sufficient, we could not reuse independent CSI report configuration since the reporting set should be bundled.  However, we believe that CSI reporting set is not sufficient since CoMP measurement set, CSI feedback configuration, and resource allocation for CSI reports would be quite different than single cell CSI report.  

[Huawei] We think this concept is useful. Perhaps ALU’s understanding of this definition is different than ours. But from Tim’s wording it should be clear that one “CSI report set” only refers to the different reports of one CSI process, and it does not imply that reports of different CSI report sets cannot be bundled into one report in the same subframe. We also think that it would be useful to support bundling reports of different CSI report sets in the same subframe.

Additionally, we think that it would be useful to have a common terminology for the “CSIs” configured and used for periodic and/or aperiodic feedback. Since for aperiodic feedback on CSI report set would consist of a single report, we suggest using “CSI report set” only for aperiodic feedback, and to introduce “CSI process” as a common terminology between periodic and aperiodic feedback. Even though just “CSI” was used in the RAN1 agreement, we think it would be confusing to use just “CSI” in RAN1 specifications. We would also prefer to avoid the use of “configuration” since it is usually a source of confusion with the configuration obtained by RRC signaling.
In summary we would suggest the following terminology for our discussions on periodic and aperiodic feedback: one “CSI process” is the association of one channel part (one NZP CSI-RS resource from the CoMP measurement set) and one interference part. Each CSI process is configured by RRC. Each CSI process can be further configured for aperiodic and/or periodic CSI feedback. For aperiodic CSI feedback, the set of CSI reports for one CSI process (which are reported on PUCCH in different subframes and which may have different types) is referred to as a “CSI report set”. The notion of “CSI report set” does not apply to aperiodic CSI feedback.

[Texas Instruments]: Such a definition is helpful for the discussion, and we feel some clarification is needed as to what “interference part” means. It is our understanding that “an interference part” refers to an interference hypothesis but not an IMR. For instance two CSIs may be measured with one common NZP CSI-RS resource (as channel part) and one common IMR, whereas the 2nd CSI is calculated with an additional NZP CSI-RS configured for interference emulation within the CoMP cluster. In our understanding these two CSIs belong to different “CSI report sets”. With this understanding, either “CSI report set” or “CSI process” is acceptable to us. 
[ITRI] The concept is helpful for CoMP feedback discussion. Regarding the term, we suggest using terminologies such as “CSI sets” or “CSI packages” that are more concise.

[Fujitsu] This concept of “CSI report set” is useful at least for CoMP feedback discussion, but the exact terminology could be revised if this concept is used in the specifications. CSI reports in one “CSI report set” correspond to a single hypothesis about the transmission scheme and interference. Based on the CSI report set, the feedback procedures for CA could be reused. Alternatively, if collision between different CSI report sets causes severe system performance degradation, some CSI report sets corresponding to the same NZP CSI-RS could be bundled for reporting in the same PUCCH.

[CATT]From  our understanding, “CSI report set” indicates a group of CSI reports corresponding to one NZP, one IMR, one interference hypothesis and one feedback mode. I suppose that is aligned with the definition from moderator and believe that is useful. One issue we should take into account is that for aperiodic CSI request field, there is also a terminology “set” which indicates a group of serving cells (we also can interpret it as a group of CSI reports). Whether there is any confusion depends on aperiodic CSI discussion and we would better to keep it in mind. 

[NNSN]: “CSI report set” is useful in specifying the dropping rules although a better terminology might be “CSI measurement process” as it is something configured by the eNB. Besides, the definition of CSI measurement process can be used for aperiodic feedback too. Furthermore, it is aligned with CA principle where a serving cell is equivalent to one “CSI measurement process”. To further consider the co-existence of CA and CoMP, each CSI measurement process should be associated with a serving CC (the RRC configuration of the CSI measurement process should include an indication of the serving cell)

[Samsung] We are fine with the terminology “CSI report set”.

[LGE] The proposed concept of CSI report set seems useful for the purposed of discussing the CoMP CSI feedback issue. However, the terminology “CSI report set” seems not clear enough to be captured in spec. For example, if two different CSI report set share common RI then it is still ambiguous whether the common RI is included in CSI report set 1 or CSI report set 2. Therefore, further clarification on CSI report set is needed.

[Ericsson/ST-E]: The concept of a CSI report set is useful for the periodic CSI reporting discussion. We also believe that the concept of “CSIs” captures in chairman minutes is more appropriately named “CSI Processes”.
[ZTE]:  We are fine with the terminology of “CSI report set” but some clarification may be needed.  It should be clarified that whether CSI reports on two subframe sets of eICIC belong to two different CSI report sets.   

[Panasonic] We need to establish a concept of "CSI report set" at least for the specification, and also for the discussion it is helpful. An alternative terminology would be "CSI report process", then "set" could be used to describe a plurality or the totality of different CSI report processes.

[Renesas] We should strive to introduce new terminology only if deemed necessary. In this respect we would be fine with the term of “CSI process” as describing the feedback components having one signal and interference hyphothesis.

[Hitachi]: We just want to note that the possibility new periodic feedback mode being defined to support multiple CQIs corresponding to one NZP CSI-RS resource and multiple interference hypotheses in one CSI report still exists. And we think the CSI report set definition here does not fit the example well. Although a carefully designed CSI compression/multiplexing method based on the proposed CSI report set can achieve similar result, i.e., overhead reduction, combined with proper network configuration, we can only agree with the definition if a detailed CSIs compression/multiplexing method is provided.

[NEC] The term of “CSI report set” is a useful definition. However, a set of “CSI report sets” including multiple “CSI report sets” may be confusing. The “CSI process” or other similar terminology is more appropriate.

[HTC] We are fine with this definition, but the effect due to difference between ‘cell’ in TS 36.213 and ‘report set’ shall be taken into account during the discussion. One example is the increasing collision probability, due to one UE could currently be configured with multiple CSI report sets by one cell, which is different from the single cell cases. Regarding the comments of TI, it depends on whether the interference part includes NZP CSI-RS. But we agree that ‘one interference hypothesis’ is more general than ‘one IMR’.
[DCM] Such a concept is needed for CoMP feedback discussion. Regarding the term, we think ‘CSI process’ is more appropriate which indicate one signal and one interference hypothesis.
[InterDigital] We are fine with the terminology “CSI process” to refer to the association of one channel part and one interference part. 

[Sharp] Yes. The term “process” has a notion of “progress, flow, a series of actions” in it, which makes it confusing. Whereas a “set” is simply a collection of items, which is exactly what a CSI report set is.
· Whether the proposed baseline for collisions between different CSI reports within one “CSI report set” is appropriate and/or sufficient.
<ALU-ASB>  The impact of CSI dropping due to collision is very high for CoMP.   We should introduce CSI report mode for CoMP instead of CSI report set.  We don’t see the baseline is appropriate.  
[Huawei] We think it is appropriate and sufficient to keep the same rules for collisions within the same “CSI report set”. 

[Texas Instruments]: The baseline is appropriate and sufficient. We believe CoMP is for low-mobility UEs with slow CSI variation, and collision handling is eNB implementation issue by configuration of reporting offsets and/or a longer duty cycle. We also believe CoMP and CA address different scenarios and are not required simultaneously for one UE, further decreasing the likelihood of dropping. Even if collision occurs (which is an unlikely event), the performance impact is expected to be small for low-mobility UE, especially for wideband RI/CQI/PMI. We note that the baseline is simple, future-proof and generic for a wide range of feedback configurations.
[Fujitsu] In our view, the proposed collision handling method for different CSI reports within one “CSI report set” is appropriate and sufficient.

[CATT] There is not any new feedback content, and hence it should be appropriate and sufficient to take the proposed baseline within one “CSI report set”.

[NNSN]: In general, it looks good. However, the multiplexing principles allowing for transmission of multiple CSI report defined for CA should also be applicable for CoMP as discussed below.
[Samsung] It is reasonable to reuse the Rel 10 rules for CA for collisions within the same “CSI report set”. However, if a new reporting type with a new payload size is introduced for a compression/multiplexing among multiple CSI reports, additional description for collisions might be needed.

.
[LGE] Yes, the proposed baseline is appropriate since it is reasonable for RI to have higher priority than other report types. However, if new report type is added then dropping rules should be updated taking into account it.
[Ericsson/ST-E]: Yes, we can adopt the proposed baseline for collision within the same reporting set. We note that the collision handling to a large extent is eNodeB implementation, and moreover CoMP operation will primarily be based on aperiodic reporting.

[ZTE]:  Reusing Rel-10 CA rules for collisions between different CSI reports within the same “CSI report set” is appropriate and sufficient.

[Panasonic] Within the same CSI report set, the baseline is acceptable.

[Renesas] One idea behind the dropping rules when collision happens within one “CSI report set” should be that wideband component feedback has priority in face of subband feedback, hence the current CA rule should be followed.  

[NEC] We also believe the baseline for collisions within same “CSI report set” is appropriate and sufficient. The collision handling by network configuration is expected to avoid frequent dropping. Besides aperiodic reporting, CoMP operation may also be based on periodic reporting over PUSCH to reduce the possibility of dropping.

[HTC] The proposed baseline is sufficient, if no new reporting mode/types are introduced.

[DCM] The baseline for collision within the same ‘CSI report set’ is appropriate. But as we indicated above, ‘CSI process’ is more appropriate.
[InterDigital] We do not see a need to change R10 rules regarding collisions within one CSI process.
[Sharp] The baseline is acceptable within the same CSI report set.
· Whether the proposed baseline for collisions between different CSI reports from different “CSI report sets” is appropriate and/or sufficient.
· How to select the single CSI report which is reported in case of collision between CSI reports of different “CSI report sets” with PUCCH reporting type of the same priority
[Qualcomm] In our view the collision handling mentioned above is sufficient both for within and across “CSI report sets” provided that only a single “CSI report set” can be carried on PUCCH.  In case that the use of PUCCH Format 3 for multiplexing multiple CSI reports is agreed in the CA work item, then such feedback should also be allowed for CoMP.  In such a case, the collision handling for CoMP should reuse CA agreements as a baseline in order to maximize commonality between CA and CoMP feedback reporting. 


In case of collision between CSI reports of different “CSI report sets” with PUCCH reporting type of the same priority, the “CSI report set” with smallest index could be selected (note: in CA, the report corresponding to the serving cell with lowest ServCellIndex is selected).
[New Postcom] Yes. For the collisions within one “CSI report set” and the collisions across different “CSI report set”, the dropping strategy should be in line with that defined in Rel-10 similar with the proposed baselines.
Considering selection of the CSI report which is reported in case of collision between CSI reports of different “CSI report sets” with PUCCH reporting type of the same priority, we should define the indices for “CSI report sets” in CoMP similar to the ServCellIndex in CA.

<ALU-ASB> The impact of CSI dropping due to collision for CoMP is severe comparing to that for CA.  CoMP would not function properly in resource allocation and spatial coordination with missing CSI feedback.  Moreover, the performance benefit of multiple points link adaptation/selection/combining would be degraded due to missing one of more CSI feedbacks.  Thus, it is not desired to see the collision of multiple CSI reports.  

[Huawei] We think additional rules should be introduced at least for the case where the reporting types have the same priority. We don’t think that adopting a rule only based on ranking the index of “CSI report sets” would be appropriate for CoMP. Selecting a single report may be a particular case of the new rules, but this needs to be further studied. The reason is that CoMP uses multiple CSI processes for efficient scheduling on the same component carrier. Missing any of the CSI processes will have impact on the link quality and the gain of CoMP. In order to ensure that all configured CSI processes can be reported, one possibility could be to define compression rules for CoMP to ensure that all CSI reports can always be simultaneously reported in one PUCCH format (e.g. PUCCH format 3), at least when the same reporting types of different CSI report sets collide in the same subframe.

[Intel] CSI reports collision between different “CSI report sets” with PUCCH reporting type of the same priority should be handled in the similar to CA way, i.e. the “CSI report set” with smallest CSI index should be selected. In our view typically one of configured CSI reports will correspond to non CoMP mode and can be rearranged to have the smallest CSI Index. Giving the priority for such CSI report set in this case seems to be a reasonable approach.

If RAN1 will decide that CA and CoMP are supported simultaneously we would probably need to define the additional rules that address the collision issue for CSI reports of the same priority. In particular we would need to define whether the priority should be given to CSI with the smallest Cell Index regardless of CSI Index value or to CSI with the smallest CSI Index regardless of Cell Index value.

[Texas Instruments]: The baseline (e.g. by dropping) is appropriate and sufficient, due to reasons stated above. In case of collision of CSI types of the same priority, dropping should be based on the prioritization of “CSI report set” which is configured by higher-layer. There is no good reason to prioritize based on the index of “CSI report set”.
[ITRI] If the baseline (dropping) is adopted, instead of defining a dropping rule based on priority, we may permit the UE to determine by itself which report should be dropped. Then, the preserved CSI is reported along with an indication in the PUCCH.
[Fujitsu] Collision handling between different CSI reports from different “CSI report sets” could serve as a start point for discussion of CoMP periodic feedback. However, the dropping probability and related performance impact should be analyzed. When the different CSI reports with the same feedback type collide, the rule to determine the dropping priority could be using the report with the smallest index of the configured CSI report set. To support this scheme, the eNb should be required to configure the CSI report set corresponding to single cell transmission with the smallest index. Alternatively, as proposed by ITRI the UE may make a selection, for example, based on CQI. 

[CATT] The discussion of collisions between different CSI reports from different “CSI reports sets” should be together with discussion of multiplexing. As many companies point out, in CA current discussion, multiplexing would be introduced no matter the same/different priority PUCCH reporting types. Dropping rule then could occur in two cases: one is that PUCCH format is not the extended one, e.g. PUCCH format 2; the other is that the number of bits is larger than PUCCH container. 

For the latter case, we can follow CA’s principle to drop CSI with lower priority for different type case and CSI with a certain index for the same type case. Index would not be cell index as used in CA, neither CSI-RS resource index, but index of “CSI report set”. How the priority is made should be discussed. One approach is to give priority to index and let network decide the CSI report set order.

For the earlier case, there is only one CSI report in CA and all collided CSI reports are dropped. However, considering more importance for CoMP to report CSI from different “CSI report sets” in time and potential dependency among sets, some reports from different “CSI report sets” can also be multiplexed. For an instance, CQI in non-PMI feedback (TDD) and single port mode 1-0(FDD and TDD) from at least two CSI report sets can be multiplexed as well. 

[NNSN]: Addition to CSI report priority, we propose to define the priority between “CSI measurement processes” similarly as the priority between serving cells. When a collision between two or more CSI reports corresponding to different CSI measurement processes occurs, the report with highest priority is transmitted and the other one(s) are omitted. A simple way to define the priority is the index of CSI-RS resource associated with the CSI measurement process.
[Samsung] The principles behind CSI reports for CA and CoMP are different. That is, the feedback for CA is for transmissions from the configured CCs while the feedback for CoMP is for the coordination among configured TPs. This means that although multiple CSI reports are configured to a UE for CoMP, these CSI reports do not need to have the same priority, as opposed to CA. For example, we consider a case such as in CS/CB where the serving TP is more important compared to an interfering TP under coordination. A modified priority rule could be adopted to address such scenarios.

[LGE] In TDD system where UL subframes are limited, collision between CSI reports from different CSI report sets is likely to occur frequently, resulting in degradation of CoMP gain. Even in FDD system, if CA and CoMP are applied simultaneously then high CoMP gain is hardly expected as well due to frequent collision. Therefore, in our view, it is necessary to design a feedback framework which prevents collision between CSI reports from different CSI report sets in advance. In this sense, rather than allowing independent PUCCH configuration per CSI report set, it seems desirable to multiplex multiple CSI report set in TDM manner in single PUCCH configuration as we mentioned in R1-122294.

[Ericsson/ST-E]: We believe that it should be possible to configure a priority between CSI Processes /CSI Reporting Sets. However, this priority may be tied to e.g., a CSI Process ID (where a lower ID may get higher priority), where a CSI Process ID could even be tied to the order in which the CSI Processes are configured. Moreover, we believe that the CSI Processes (CSIs) should be configured independently from the reporting and should be shared by the periodic and aperiodic reporting.

[ZTE]:  Handling collisions between different CSI reports with different report sets can be similar to CA.   We can first prioritize the reports based on the lowest NZP CSI-RS resource index.  We may or may not need to have explicit rule to prioritize different interference parts with the same NZP CSI-RS resource.
[Panasonic] We expect that dropping of reports from different report sets should affect the reports that are most outdated, since these are most inaccurate. Inaccurate CSI will have a much more adverse effect on CoMP than for CA. Therefore we think that CSI reports with the smaller periodicity should be dropped first, because they have the smallest "age" and are soonest available for an update in the subsequent reporting instances.
[Renesas] CoMP applicability is based one having the multipoint feedback available at the eNB.  Collision of same reporting types is highly undesirable as it dilutes the CoMP operation.  Defining compression techniques and the utilization of PUCCH format 3 is one possibility which should be explored, however remembering that PUCCH format 3 might come with a penalty in coverage, hence impacting exactly the UEs which are targeted by CoMP. Feedback compression is being discussed also in CA, however we believe this is more critical in CoMP.

[Hitachi]: In CoMP scenario, CSI dropping due to CSI reports collision of different CSI report sets should be avoided as much as possible. Reusing PUCCH format 3 for CSI transmission is a possible solution. However, we are not sure that PUCCH format 3 is enough to solve all the confliction problems, since at most 3 NZP CSI-RS resources can be configured for one UE and each may lead to multiple CSI reports due to different interference part. Therefore certain dropping mechanism may be still necessary. A carefully designed combination method of multiplexing and dropping need to be considered.

[NEC] It is reasonable to choose the “CSI report set/CSI process” with lowest index in case of collision of CSI types with same priority, which is also aligned with the principle in CA. As an example, the index of CSI processes for CoMP can be configured in the reverse order of RSRP and the lowest index is for serving cell with the strongest RSRP.
[HTC] We agree the proposed baseline could be starting point of discussion, but may not be able to guarantee CoMP performance. As the ‘report set’ is not completely equivalent to the ‘cell’ in TS 36.213 and there are cases where multiple report sets correspond to one cell. It may result in new collision scenarios and thus additional handling policy might be necessary.
[DCM] CSI reports collision with PUCCH reporting type of the same priority should be handled by the index of CSI process. And the CSI process index is configured to indicate the priority of one signal with one interference hypothesis.

[InterDigital] We agree with using a priority rule similar as carrier aggregation, e.g. based on an index.
[Sharp] The baseline for collisions among different CSI reports from different CSI report sets is acceptable.
· Where CSI reports from two or more “CSI report sets” are configured with the same reporting instances, should it be supported to compress/multiplex multiple CSI reports from different “CSI report sets” into the same reporting instance? If so, what are the details?  

[Qualcomm] In our view, two scenarios should be differentiated: 

1) In case an enlarged uplink feedback payload is supported, e.g., by using PUCCH Format 3, it is straightforward to allow the multiplexing of multiple CSI reports.  Standardization impact could be minimized by making the support of such feedback dependent on discussions in the CA work item.  Specifically, if the use of PUCCH Format 3 is agreed there, then it should also be allowed for CoMP subject to the same collision handling.  If PUCCH Format 3 is not supported for CA-based feedback, it should also not be supported for CoMP. 

2) When limited to Rel-10 feedback payload (e.g., because PUCCH Format 3 is not supported or not configured), no compression or multiplexing of multiple CSI reports should be supported.  For this case, the collision handling discussed earlier appears sufficient. 
[New Postcom] Yes. RAN1 has agreed that:
“Multi-Cell Periodic CSI Multiplexing for DL CA is supported in Rel-11

- Based on existing UL channel formats (FFS which one)”

We think we should reuse the conclusions from CA periodic feedback as much as possible, such that periodic CSI multiplexing of multi-“CSI report sets” for CoMP should also be supported in Rel-11. The details of multiplexing can be subject to the final conclusions in CA.
<ALU-ASB>  Feedback overhead compression should be supported for CoMP.   Mechanism for feedback compression should be possible in time, frequence, and spatial dimension.   
[Huawei] Additional rules should be introduced to allow multiple CSI reports from different CSI report sets to be compressed/multiplexed into a single report, at least for the case where the different CSI reports have the same reporting type. Some rules should be defined to guarantee not to exceed the maximum size of the associated PUCCH format. PUCCH format 3 could be used for this purpose if it is adopted in CA. Compression rules may still be discussed if periodic PUSCH is adopted in CA rather than PUCCH format 3, although the necessity of compression is not as clear in this case.

[Intel] We prefer to keep commonality with carrier aggregation solutions as much as possible. If some compression rules will be defined in carrier aggregation they should be reused for CoMP as well.

[Texas Instruments]:  FFS. The need of multiplexing/compression for CoMP is unclear at this moment without careful evaluation of the system performance benefits and the detailed solutions. Even if Format-3 multiplexing is agreed for CA, we don’t think it should be automatically adopted for CoMP because these two features operate under different scenarios. CA is for UE with good channel condition to achieve high data-rate, so multiplexing on PUCCH is feasible. For cell-edge CoMP UEs with poor link quality, the PUCCH coverage will be comprised by multiplexing/compression. We believe these issues should be carefully studied to understand the system impact.
[ITRI] Yes. Similar issues are also under discussion for CA enhancements. As the impacts of CSI-dropping is expected to be much higher than in CA, it would be desirable if multiple CSI reports for CoMP can be multiplexed/compressed without affecting PUCCH quality.
[Fujitsu] For CoMP, all configured CSI reports are required for optimum coordination. If the only collision handling mechanism is dropping, this will degrade the CoMP performance. There could be an unacceptably high dropping probability of CSI, especially when the number of CSI reports is large. Thus, the multiplexing/compression methods could be used for obtaining more CSI information when two or more “CSI report sets” are configured with the same reporting instances. For one reporting of different types of CSI, such as RI multiplexing or CQI/PMI multiplexing, different multiplexing/compressed methods could be used.

[CATT] As we stated for the last bullet, it should be supported to multiplex CSI reports from different “CSI report sets”. Following CA extend format (Format 3) and also for non-extended format (Format 2),  multiplexing CSI reports could be according to the maximum bits number supported by the PUCCH container and residual bits are dropped in the same reporting instance. When there are different reporting types from two or more “CSI report sets”, CSI reports should be ordered according to reporting type priority first and then priority of “CSI report set”. One example is RI from set1, CQI/PMI from set2, CQI/PMI from set 3 and hence CQI/PMI from set 3 is dropped assuming higher index of CSI report set has lower priority. 

So far it is not so clear to us whether reliable CSI report can be received by compression, particularly when there is RI. Hence for both Format 2 and 3, we do not suggest compression.

[NNSN]:  No need for any specific compression methods. Regarding the multiplexing of different reports into a single subframe, the basic principles defined for CA should be applicable also in the case of CoMP. The details should be worked out together with the CA discussions.  
[Samsung] It would be meaningful for CoMP if a multiplexing/compressing scheme which is supported by PUCCH format 2 is developed. If PUCCH format 3 for multiple CSI reports is adopted in CA, it could be used for CoMP and multiplexing/compressing rules for this case could be further studied. This would primarily be dependent on the agreements in the CA session. However, we currently do not see any reason for also supporting CSI reports based on PUCCH format 3 in addition to PUCCH format 2.

[LGE] We support multiplexing multiple CSI reports from different “CSI report sets” into the same reporting instance. PUCCH format 3 can be used for this purpose. In this case, with larger feedback container eNB is able to receive multiple CSI reports required for CoMP scheduling in a short period.

[Ericsson/ST-E]: We are uncertain that the capacity of the PUCCH for cell-edge terminals enjoying CoMP benefits is sufficient for meaningful multiplexing of multiple CSI Processes. We can study this further but we do not see a particular need to multiplex multiple reports.

[ZTE]:  We think it is beneficial to compress/multiplex multiple periodic CSI reports into the same reporting instance for CoMP.  Obtaining the CSI reports in the same reporting instance would reduce the dropping rate and help the coordination.   If a particular scheme is adopted in CA, it is natural to adopt it in CoMP as well.   We see CoMP has stronger need on compression and multiplexing than CA.   Therefore, regardless whether compression/multiplexing schemes are supported in CA, we should consider the schemes for CoMP.   Among the schemes, PUCCH format 3 and periodic PUSCH should be considered.
[Panasonic] We share Qualcomm's view on this matter.
[Renesas] Multiplexing/compressing CSI reports of multiple CSI report sets is one way of enabling multi point feedback to be available at eNB with no increased dropping probability and no delay between the feedback components. This should be further investigated as such feedback operation may be of particular interest in practice. Alternatively, DL CoMP applicability may be linked to operation of UL CoMP or other UL enhancements needed in order to provide rich CSI feedback for cell edge UEs.
[Hitachi]: As mentioned by ALU-ASB in their comments to last bullet, the difference between CoMP scenario and CA scenario makes it worth to adopt CSI multiplexing as the possible solution to avoid CSI dropping in case of collision to improve the performance.  PUCCH format 3 should be carefully studied with the highest priority, concerning mainly on the possible PUCCH coverage degradation.

[NEC] Referring to the answer of Q1, it is reasonable to compress/multiplex part of CSI reports for large number of CSI processes. The common RI, PMI and subbands could be compressed to be reported in one PUCCH. Also, periodic PUSCH is also a possible solution to multiplex CSI reports of different CSI processes. 

[HTC] Considering the critical network coordination of CoMP and high collision probability of CSI reports, it is desirable to introduce multiplex/compression for CSI reporting.
[DCM] We support to compress/multiplex multiple CSI reports from different “CSI report sets” into the same reporting instance. If the bit size of multiple CSI reports exceed the PUCCH payload size, CSI dropping is performed firstly according to PUCCH reporting type and CSI process index as indicated above until the bit size of rest CSI reports are within the PUCCH payload size. Then the rest CSI reports are multiplexed into the same reporting instance.

[InterDigital] We support multiplexing of reports from multiple CSI processes in the same subframe. We should also consider at least simple rules to avoid duplication of the same information, such as not repeating the PMI for two CSI processes which have the same channel part (if agreed that it could be constrained to be the same).
[Sharp] We share Qualcomm’s view. However we also agree with Ericsson regarding further studying the impact of compression.
· Should it be supported to compress/multiplex multiple CSI reports with different types, but from the same “CSI report set” into the same reporting instance? If so, what are the details?
 [Qualcomm] We do not see a need to support such feedback, in line with the above discussion.
[New Postcom] No. It will introduce a totally new multiplexing approach and result too much standardization efforts especially considering the Rel-11 time frame.
<ALU-ASB> Should not be precluded as indicated above.  

[Huawei] We don’t see a need to support this feature. Moreover it would have a large impact on UE and eNB implementations, since the existing dependencies between CSI reports of the same CSI report set would need to be entirely re-defined.

[Texas Instruments]: We do not see such a need, and share Huawei’s concern on the specification work.
[Fujitsu] We do not see such a need, and there would be a significant specification effort.

[CATT] We do not see a need to support it. 

[NNSN]: Again, no need for specific compression schemes. The multiplexing should follow the CA principles and detailed design should take both CA and CoMP into account.  
[Samsung] We are not sure if this feature can be specified in the Rel-11 time frame. 

[LGE] We support multiplexing multiple CSI reports with different types, but from the same “CSI report set” into the same reporting instance. For example, when RI with offset 0 collides with other CSI report from the same CSI report set, they can be multiplexed into the same reporting instance.

[Ericsson/ST-E]: We should not introduce such optimizations. 

[ZTE]: We don’t see the need for such optimizations.
[Panasonic] Compression/Multiplexing for the same CSI report set might employ similar mechanisms as for different CSI report sets (see above). But we think deciding details in Release 11 would be very ambitious and less important than other CoMP feedback aspects.

[Renesas] In general we believe that such option should not be precluded. 
[NEC] Similar concern on the impact on specification and implementation complexity. No need to support it in Rel11. 

[HTC] It seems to compress/multiplex multiple CSI reports from the same CSI report set is not necessary. Although we agree such way could help to improve CoMP performance, it shall be with second priority.

[DCM] We do not see the need to support it.
[InterDigital] We do not see a strong need for this.
[Sharp] No.
· Details of transmission of periodic CSI reports on PUSCH
[New Postcom] It is better to wait for the final conclusion from CA. If it is agreed to use PUSCH for periodic CSI reports, the designs of multiplexing in periodic PUSCH should be aligned for CA and CoMP as much as possible.

<ALU-ASB>  It is a possible  new CSI reporting  mode defined for CoMP.  It should be discussed regardless the outcome of CA discussion.  
[Huawei] Our understanding of this bullet is that it intends to discuss the case of a collision between one or more periodic CSI reports on one PUCCH and a scheduled PUSCH in the same subframe (without aperiodic CSI). For a UE that is configured for simultaneous PUSCH and PUCCH transmission, then all the CSI content supposed to be reported on the PUCCH should instead be reported on the PUSCH, applying the same compression rules as on the PUCCH if any.
[Samsung] This can be determined in conjunction with the relevant discussions for CA. We think the capability should be provided to a network to configure periodic CSI reports on PUSCH. Additional specifications are not needed and the same multiplexing rules as for aperiodic CSI reports can apply (differentiation between periodic and aperiodic CSI reports is neither desirable nor needed). 
[LGE] We think introducing periodic PUSCH in Rel 11 is desirable as feedback overhead increases in CoMP. As mentioned above, with this large feedback container, multiple CSI reports required for CoMP scheduling can be fed back in a short time. For dynamic CoMP feedback, semi-static configuration such as period would be signaled by RRC and dynamic configuration such as changing CSI reporting set would be signaled by PDCCH as we mentioned in R1-122294.

[Ericsson/ST-E]: FFS. 
[ZTE]:   We support introducing  periodic PUSCH  for CoMP in Rel-11.  It allows larger periodic feedback payload in one reporting instance which helps CoMP coordination.

[Panasonic] We should check whether the CA solution is suitable for the CoMP case.

[NEC] Limited capacity of PUCCH is the motivation of introducing periodic PUSCH for CoMP. Relying on aperiodic PUSCH only may increase the signaling overhead in PDCCH. We also agree that the same multiplexing rules for aperiodic CSI reports can be applied to avoid unnecessary specification complications.
[Sharp] FFS.
Annex B: Additional inputs
[Moderator/Tim]  As has been noticed by David, the proposed assumption:-
- CSI reports for multiple NZP CSI-RS resources can be configured for periodic feedback on PUCCH for CoMP in a similar way to CSI reports for carrier aggregation.
was not as carefully worded as it should have been.

The intention was to suggest that the configuration of CSI for multiple instances of a single "Channel part" and a single "Interference part" could be handled in a similar way to CSI for multiple cells in CA.

Therefore, better wording would have been something like:-
- CSI reports for multiple different combinations of an NZP CSI-RS resource with an IMR can be configured for periodic feedback on PUCCH for CoMP in a similar way to CSI reports for multiple cells in carrier aggregation.

Alternatively we could use the concept of "CSI process" as suggested by David. However, I agree that provided we have reasonably adequate terminology, then we should not spend too much effort on further refinement at this stage.

[ALU/Fang-Chen] Thanks for your further clarification.  I don't think we need to discuss the CQI definition or IMR for interference measurement here.  We had agreed on multiple CSI feedbacks with each feedback based on one configured CSI-RS resource.  I could not agree to use CSI process since we are not discussing how CSI is measured.
Our view of this email discussion focuses on multiple periodic CSI reports for CoMP when multiple CSI-RS resources are configured for UE to measure similar to those being define in section 7.2 of 36.213.

[Huawei/David] We could have multiple periodic CSI reports with just one configured NZP CSI-RS resource if the different CSIs are associated with different interference parts. Thus I think we will not be able to say that CSI #n is related to CSI-RS resource #n.

So I think we need to define a term to refer to the association of one channel part and one interference part (such as CSI process or another term), and then we can refer to an ordered list of configured "CSI processes". We could use another term than "process" if you think that "process" implies something more than just the association of a channel part and an interference part. But we should find something different than just "CSI" since CSI just means "channel state information".
[Ericsson/David] Tim, regarding you addition as a moderator in the document we are fine with the intent, apart that “with an IMR” should be replaced by “with an interference part”, since the interference derivation may not be fully determined by an IMR if interference emulation is adopted.

One other topic that I would like to raise for discussion is how to treat reporting mode 2-x for different CSI processes /reporting sets. We see some difficulties with the UE selected subband CQI modes, which become quite useless, in many cases, if the selected subbands are independent for the different CSI processes (corresponding to different CSI reporting sets). For example, for a joint transmission the reported subbands must necessarily be the same for the two NZP CSI-RSs. Similarly, for DPB it becomes problematic if the CSI for two CSI reporting sets, corresponding to the two different interference hypotheses, do not share the same UE selected subbands. Hence, if we are to support reporting modes 2-x, then we need to introduce some RRC configuration for reusing the UE selected subbands of one CSI reporting set to be reused also in some other CSI reporting sets… 

Alternatively, we do not support the reporting modes 2-x.

[ALU/Fang-Chen]  I fully agree with your view on mode 2.x that UE needs to select same sub-band for all TPs configured in the measurement set.  That is why we proposed PUCCH mode 2-3 as extension of mode 2-1 with PMI report per CSI-RS resource for CoMP in R1-122480.  A new reporting mode with configuration of joint periodic CSI reports would ensure UEs selecting same sub-band for all CSI feedback.  

[ZTE] We have one question for clarification on the terms "CSI report set"/"CSI process".  It's not clear to us whether two CSIs corresponding the two subframe sets of eICIC belong to the same CSI report set.  The collision handling of these CSIs at UE is not defined in eICIC.  We think CSI reports with multiple interference conditions can be handled in a similar way as eICIC. i.e. reporting  CSI with different interference parts depending on two sets.   This way “one CC” in CA corresponds to “one NZP CSI-RS resource”.  The same reporting mode is used for CSI reports corresponding to the same NZP CSI-RS resource with different interference parts. 

Regarding David's question on the support of reporting modes 2-x, we think it is fine to just support it as it is.   Depending on the scheduling algorithm, independent subbands selection is useful in some cases.  For example, if two different interference conditions experienced by a victim pico UE correspond to aggressor macro’s ABS and non-ABS, it is preferable for this UE to report selected subbands independently.  Based on the subframe types, the network can then schedule the UE in its corresponding best subbands which can be different in different interference conditions. Similarly for DPS, the network may want to know different selected subbands corresponding different TPs so that it can schedule the UE in different subbands depending on the selected TP. At least for DPS, it is not clear to us whether it is better to put the restriction of following the selected subbands of one particular TP especially if we also take offloading into account.  In some cases e.g. JT, having the same selected subbands is useful but we don’t see a strong need for this optimization on PUCCH.  We can rely more on aperiodic reports for such subband coordination in those cases. 


[Huawei/David] I see some difference between the case where subframe sets are configured and the case where subframe sets are not configured. When subframe sets are not configured, two IMRs associated with the same NZP CSI-RS resource should not be treated in the same manner as when interference measurements are taken in different subframe sets in Rel-10 eICIC. The main difference being that the two CSIs reported when subframe sets are not configured can allow the eNB to schedule the PDSCH in any subframe provided that the corresponding CoMP transmission follows the reported hypothesis. Therefore, it is preferable that these two CSIs are reported in the same subframe. Furthermore, limiting interference measurements to two sets is not justified at least for the case where subframe sets are not configured.

[ZTE]:  I would like to clarify our views on using eICIC way to handle different interference parts in response to comments from Huawei.  When we said CSI reports with multiple interference conditions can be handled in a similar way as eICIC, it it doesn’t necessarily mean we have to do it in exactly the same way.  To support two IMRs in CoMP, we just need to setup some linkage of two IMRs with two subframe sets (e.g. even subframe for the 1st IMR and odd subframe for the 2nd IMR) and report the corresponding CSI according to the subframe index.   These two CSI reports doesn’t necessarily have to correspond to the actual interference conditions in the subframe sets like eICIC.   Therefore, there is no restriction on the particular subframe(s) that the PDSCH should be scheduled.   Moreover, considering UE complexity, we think two IMRs would be sufficient.   Also, we don’t see the need of supporting configuration of two CSI sets for eICIC and two IMRs simultaneously.  Otherwise, there will be four CSI reports for one NZP CSI-RS which is too much.  
[LGE/Hyungtae] Thank you for the valuable discussion and summary. Up to now, many companies support re-using CA principles for periodic CSI feedback for CoMP. However, it seems that several companies including us see benefits of applying the same subband among multiple CSI report sets. Again, I would like to raise a concern on how well such common subband concept works under totally independent configuration following the CA framework. For example, if there are two CSI report sets (CSI report set 0 and CSI report set 1) and CSI report set 1 uses the same subband as CSI report set 0, it should be guaranteed that bandwidth parts of both sets are aligned within at least a few subframes. Otherwise, the benefits from applying the same subband would diminish due to channel aging. In this sense, simply reusing the CA framework based on fully independent configuration among CSI report sets doesn’t seem to be the best solution here. Therefore, rather than fully relying on CA framework, it is worth further discussing such dependency that CoMP specific characteristics can cause and designing CoMP feedback framework taking the dependency into account even though it requires additional specification efforts.
[Huawei/David] To briefly reply to Hyungtae’s comment: my understanding is that the common subband concept would be discussed as part of the compression/multiplexing techniques.

Annex C: Comments on initial proposals
· Proposal 1: CSI reports for multiple different combinations of an NZP CSI-RS resource with an interference part can be configured for periodic feedback on PUCCH for CoMP in a similar way to CSI reports for multiple cells in carrier aggregation. CoMP-specific modifications are FFS.

[Huawei] As commented during the email discussion, we do not see the need for this proposal given the more detailed proposals that follow. We do not understand how this proposal helps make RAN1 move forward and what type of impact it would have on the specifications. So we suggest to focus on proposals 2 to 10.
[ZTE]:  We also don’t see the need of this proposal.  It should be FFS on how to consider CSI reports corresponding to the same NZP CSI-RS resource with multiple interference parts.  e.g. using the similar way as eICIC
[Moderator] From the comment by ZTE it seems that agreeing this proposal would place some limitation on the specification. Therefore it could be worth discussing whether to accept it or not. The wording “As a general principle….” has been added to the proposal, and the FFS part has been removed.
· Proposal 4: One “CSI process” is the association of one channel part (one NZP CSI-RS resource from the CoMP measurement set) and one interference part (one interference hypothesis). Note: This does not preclude the possibility of reporting CSI for multiple “CSI processes” in the same PUCCH.
[Huawei] We can take this as an output of the email discussion, but we should keep in mind that it requires coordination with the comments on the editor’s CRs for 36.211, 36.212 and 36.213 where some terminology has already been proposed by the different editors.
[ZTE]:  It is fine to use this terminology for discussion but it should be FFS whether there is a need to define this in the spec.  

[Moderator] An additional note has been added to indicate that  such a definition may not be needed in the specifications 
· Proposal 6:  The Rel 10 rules for collisions between different CSI reports in the CA case also apply for CoMP for the case of collision between CSI reports between different “CSI processes”. FFS: the details of any adaptations for CoMP . Note: This conclusion could be revisited if collision rules are modified for CA in Rel 11.

[Huawei] It could be clarified that this conclusion is applicable for different CSI reports from different “CSI report sets” with PUCCH reporting type of different priorities, since the case with PUCCH reporting type of the same priority is handled in the proposal 7.

[Moderator] The proposal is reworded accordingly

· Proposal 7: In the case of collision between CSI reports of different “CSI processes” with PUCCH reporting type of the same priority, at least for cases where compression/multiplexing is not applied, the report from the CSI process with the lowest index is selected.

[Huawei] It is not clear why compression/multiplexing would not be applied in some cases if it is defined in the specifications. Therefore, we do not see the need for defining two rules. Either compression/multiplexing or dropping according to the lowest index should be defined, unless we can clearly identify why both solutions should be supported. Decision between these two choices (or to support both) can be left to RAN1#70. Perhaps at this time it should be FFS whether there is any case and which are the cases where compression/multiplexing is not applied if compression/multiplexing is agreed.
[Moderator] The proposal is reworded accordingly
· Proposal 8: The use of PUCCH Format 3 for CSI and any compression/multiplexing of CSI for CoMP, if supported, should be aligned with conclusions from CA.

[Huawei] It is unclear how the conclusions could be aligned with CA since CA would not define compression techniques, which are only applicable for reporting correlated CSI processes in CoMP. If no compression is introduced for CoMP then it may be possible to align with the conclusions from CA.
[ZTE]:  We think compression/multiplexing of CSI for CoMP can be considered even if it is concluded that such scheme is not supported in CA because the impact of CSI dropping is higher on CoMP.

[Moderator] The intention behind proposing “alignment” was that CSI for CoMP should take into account conclusions from CA. It would be somewhat  inconsistent to have PUCCH format 3 and/or compression/multiplexing supported for CA, and not for CoMP. The proposal is reworded accordingly.
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