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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

Views on above points have been discussed in the 69-10 email discussion following RAN1#69 while the conclusing proposals are summarized in the Appendix.  In this contribution we provide our view on remaining FFS points and also on selected proposals from the email discussion conclusion.
2
Periodic CSI types/modes 

Discussion on whether all the Rel 10 CSI reporting types/modes are supported for CoMP in Rel 11 and whether additional types/modes are required for CoMP, the following proposals were placed for further discussion:

· 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.

Feedback modes

As noted in recent discussion, the issues of mode 2-x encounters problems in both JT and DPS where on one hand the same sub-bands need to be reported by the UE, while on the other hand the nature of modes 2-x is to rely on UE selected subbands per CSI process. It has been mentioned that one solution is to introduce RRC configuration of reusing the UE selected subbands, for example from the anchor point, of one CSI process. However, the other two CSI processes would not operate anymore in the spirit of mode 2-x of UE selected subbands, leading to sub-optimal operation of mode 2-x. On the other hand, schemes like frequency selective DPS can make use of independently reported 2-x as transmission is performaned independently from each point and the sub-band dependency is not necessary. 

An alternative solution to RRC configuration is dependent configuration of UE selected sub-bands [4] which results in the introduction of a new mode 2-3. Various options are possible: for example one can select best subbands in a global way between the CSI processes or can use the dependent configuration as a form of feedback compression where the anchor point/CSI process provides sub-bands feedback while the other points provide dependent sub-band feedback. Such solutions and optimization need further investigations. 

Proposal: 

· Do not to include modes 2-x at the current stage in Release 11 and keep the discussion open on the subject in a future release. 

Feedback types 

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 the current UL payload of PUCCH format 2 or format 3 if introduced.
In [1] we have shown good CoMP gains using the wideband feedback. Let us have the following example. For a scheme using two CSI processes (for example DPS), one needs two PMIs and two CQIs. As CoMP is a cell edge technique, rank 1 utilization when PUCCH feedback is operated, is more than a reasonable assumption. Hence, the feedback from the two processes is reduced to two rank 1 PMIs and two rank 1 CQIs. With the current specification, such feedback can be requested in the form of two reports type 2, where for rank 1 and 2 and 4/8 Tx, the payload sizes are of 6 and 8 bits. As each report had a maximum of 8 bits, these types cannot be multiplexed in one PUCCH report, provided that the maximum size is of 11 bits. Alternatively, these two reports can be compressed in one new type (for example type 2d and 2e) where a first report type contains the PMI of one CSI process, hence maximum 4/5 bits depending on the number of transmit antennas while the second report type contains the PMI of the second process (4 bits) and the two CQIs of the two processes (4+3 bits). It is beneficial to have the both CQI values in one report as the network may make the scheduling decision already from this single report. In case the scheduling decision needs the PMI from the other report and it would happen to have dropped due to collision or PUCCH errors, a previous wideband PMI can be used as a valid precoder due to its slow outdating.
Observation:

· Having two CQI values multiplexed in one report gives a scheduling advantage as scheduling decision can be made based on the CQIs

Proposals:

· If new CoMP specific reporting types are introduced, they should use the current UL payload of PUCCH format 2 or format 3 if introduced.

3
Collision handling

The proposals 5 to7 in [3] about the collision rules are as follows:
· 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.
Current specification states that: “In case of collision of a CSI report with PUCCH reporting type 3, 5, or 6 of one serving cell with a CSI report with PUCCH reporting type 1, 1a, 2, 2a, 2b, 2c, or 4 of the same serving cell the latter CSI report with PUCCH reporting type (1, 1a, 2, 2a, 2b, 2c, or 4) has lower priority and is dropped”. In other words, the RI (type 3) and RI/PMI information for 8Tx (type 5 and 6) has priority in face of subband feedback (1&1a) or other wideband feedback (2/2a/2b/2c/4). We find this principle acceptable and applicable for inside one CSI process.
· 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.
Current specification (following CA) state that “For a given subframe, in case of collision of a CSI report with PUCCH reporting type 3, 5, 6, or 2a of one serving cell with a CSI report with PUCCH reporting type 1, 1a, 2, 2b, 2c, or 4 of another serving cell, the latter CSI 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 CSI report with PUCCH reporting type 2, 2b, 2c, or 4 of one serving cell with CSI report with PUCCH reporting type 1 or 1a of another serving cell, 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 serving cells with PUCCH reporting type of the same priority, the CSI of the serving cell with lowest ServCellIndex is reported, and CSI of all other serving cells are dropped”.
Hence one set of rules solves the collision between RI and wideband information where RI information has priority while another set of rules solves the collision between wideband information and subband information where the wideband information has priority.
· 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.

Ultimately, if same reporting types collide, the lower serving cell index has priority. In CoMP, one can define a priority index for the CSI processes, where the CSI process of the anchoir point should have the lower index. Following the same principle as CA, the reporting type corresponding to the lowest CSI process index can have priority in case of a collision. One should note that such dropping rules essentially mean exiting the CoMP mode as feedback for any CSI process is a key CoMP component. Adding the CA dimention on top of CoMP, would increase the collision probability quite extensively.
Multiplexing/compressing CSI reports of multiple CSI processes 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. 

Observations:
· Multiplexing/compressing CSI reports of multiple CSI processes 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. 
Proposals:

· Investigate feedback operation that is suitable for cell edge UEs also from uplink capacity point of view, that is periodic wideband feedback reported in dependent manner
4
Multiplexing/compressing CSI reports

In the discussion about whether multiplexing or compression of CSI reports of the same CSI process are needed the company views were divided and summarised in [3] as follows
· 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

The proposal drawn from these is

· 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.

Our view is that 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 the operation of the UL CoMP or other UL enhancements needed in order to provide rich CSI feedback for cell edge UEs. 
5
Conclusions
In this contribution we have revised several open issues with respect to periodic CoMP feedback. In general we agree with the main outcome of the email discussion which results in the ten proposals summarized in the Appendix. Several proposals can be drawn:
Proposal:

Feedback modes:

· Modes 2-x should not be included in Release 11while keep the discussion open on the subject in a future release.
Feedback types
· If new CoMP specific reporting types are introduced, they should use the current UL payload of PUCCH format 2 or format 3 if introduced.
Release 12 studies:

· Dependent feedback modes optimizatrion should be further considered in next specification stage of CoMP.
· Multiplexing/compressing CSI reports of multiple CSI processes 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. 
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Appendix
The following proposals have been concluded following the email discussion after RAN1#69.

· 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
