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1. Introduction

At RAN1#70 meeting some progress have been made on the specification of periodic CSI reporting for DL CoMP [1]. More specifically CSI priority rules in case of CSI reports collision were defined to facilitate CSI collision handling. However, the remaining details of periodic CSI reporting, such as CSI reports compressions, multiple CSI reports multiplexing and UE behaviour, when CSI reference process is configured, were not concluded yet. Therefore, in this contribution we provide our views on the remaining aspects of periodic CSI for DL CoMP. 
2. CSI reports multiplexing

Periodic CSI container with larger payload size was proposed for CA in Rel-11. The main motivation of defining a new control channel with larger payload size for periodic CSI is to reduce CSI dropping probability which occurs due to CSI collisions. Two candidates for periodic CSI reports multiplexing were considered for CA:

· PUCCH format 3

· Periodic reporting on PUSCH

Based on the discussion at the RAN1#70 meeting, no consensus was reached on support of the specific approach for CA, therefore the discussion concluded that CSI report multiplexing is not supported in Rel-11. Given that the design principles of CoMP periodic CSI reporting should be common with CA, we propose not to specify any CSI compression schemes for CoMP CSI feedback in Rel-11.

Proposal 1:

· Multiple CSI report multiplexing for DL CoMP is not supported in Rel-11.
3. CSI reports compression

As discussed in [2] the CSI reports may be shared across multiple CSI processes for some CoMP schemes. In particular for JT CoMP scheme the RI reports and set of UE-selected sub-bands for PUSCH 2-x reporting modes should be common across all configured CSI processes to facilitate scheduling and transmission on the same resources with a common transmission format. In principle joint optimization of RI and preferred sub-band indexes may be considered across sets of configured CSI processes. However, considering possible UE design complexity and potential issues to define such RAN4 tests, the CSI reuse option from one CSI process to another should be considered as a means to achieve common RI and UE-selected sub-bands reporting. More specifically the reference CSI process (CSI-Process-ID) and the reference CSI (RI, Subband-Index) may be configured for each CSI process. In this case the CSI feedback for the CSI process should be calculated based on reference CSI reports of the reference CSI process. 

The natural question for this approach is whether the reused CSI of the CSI process should be reported along with the reference CSI of the reference CSI process. In principle the reused CSI of the CSI process may be dropped, therefore reducing probability of CSI collision and increasing reliability of CSI reporting, however as discussed below such principle may result in the definition of a new reporting type, which should be avoided due to limited Rel-11 timeframe.
More specifically, RI value is typically independently reported from other CSI using PUCCH CSI reporting type 3, except for PUCCH CSI reporting type 5 (RI, sub-sampled first PMI) and type 6 (RI, PTI). RI dropping in this case results to the following change in the reporting procedures:
· Type 5 CSI report should be replaced with type 2a (first PMI) report.
· Type 6 CSI report should be replaced with a new reporting type (type 6a) supporting PTI reporting only.

In contrast to RI, preferred sub-band index is jointly encoded with other CSI and reported in the form of preferred subband L-bit label using CSI reporting types 1 (sub-band CQI, L-bit label) and 1a (sub-band CQI, second PMI, L-bit label). Preferred sub-band dropping in this case results to the definition of the new reporting types 1b (sub-band CQI) and 1c (second PMI, sub-band CQI). Considering the number of specification changes required to define each new reporting type, we propose to limit CSI dropping to RI only for CSI reports of type 3 and type 5:

Proposal 2:
· RI and UE-selected sub-bands CSI reuse from one CSI process to another should be supported in Rel-11.
· The reused RI report of the CSI process should be dropped for all cases expect for wideband CSI reporting sub-mode 2 with 8 CSI-RS antenna ports. 
4. Other details of periodic CSI reporting

Rel-10 CSI reports may depend from each other. For example, PMI and CQI reports are calculated conditioned on the last reported RI value. In some cases RI may not be reported by the UE (e.g. due to RRC reconfiguration), making depended CQI and PMI CSI reports ambiguous to the eNB. In Rel-10, the issue was solved by defining special rules for CSI reporting. More specifically, in the absence of a last reported RI the UE shall conduct the CQI/PMI calculation conditioned on the lowest possible RI as given by the bitmap parameter codebookSubsetRestriction. 
In Rel-11, the dependencies between CSI are extended from one CSI process to another and the same issue of CSI reporting, but across CSI processes may occur. For example, the RI report of the reference CSI process may not be reported to the eNB (e.g. due to RRC reconfiguration of CSI process), making CQI and PMI CSI reports of the depended CSI process ambiguous. In this case the Rel-10 rule should be extended to multiple CSI processes to facilitate UE reporting for such case:
“For the calculation of CQI/PMI conditioned on the last reported reference RI, in the absence of reference RI report the UE shall conduct the CQI/PMI calculation conditioned on the lowest possible RI as given by the bitmap parameter codebookSubsetRestriction of the reference CSI process.”
The principle above can be also applied for the scenarios with the reference sub-band reporting, where sub-band CQI of the CSI process is reported conditioned on the selected sub-bands L-bit value of the reference CSI process:
“For the calculation of CQI conditioned on the last reported reference subband, in the absence of reference subband index report the UE shall conduct the CQI calculation conditioned on the lowest subband index within a bandwidth part.
Proposal 3:
· In case CSI reuse is configured the following UE behaviour should be defined:

· For the calculation of CQI/PMI conditioned on the last reported reference RI, in the absence of reference RI report the UE shall conduct the CQI/PMI calculation conditioned on the lowest possible RI as given by the bitmap parameter codebookSubsetRestriction of the reference CSI process.
· For the calculation of CQI/PMI conditioned on the last reported reference RI, in the absence of reference RI report the UE shall conduct the CQI/PMI calculation conditioned on the lowest possible RI as given by the bitmap parameter codebookSubsetRestriction of the reference CSI process.

The reuse of CSI from one CSI process to another also implies certain constraints on CSI reporting modes configuration. More specifically the CSI process shall be configured in the CSI feedback mode containing the reused CSI of the reference CSI process. For example, in case the common preferred sub-band index, different combinations of PUCCH mode 2-1 and PUCCH mode 2‑0 are allowed. Such configuration may be needed to cover HetNet scenarios, where macro has two CSI-RS antenna ports and uses PUCCH mode 2-1 (with PMI feedback) for CSI reporting, while pico node has only single CSI-RS antenna port and uses PUCCH mode 2-0 (without PMI feedback) for CSI reporting. 
Proposal 4:
· CSI process shall be configured in the CSI feedback mode containing the reused CSI of the reference CSI process.
5. Configuration of CSI process

As agreed at RAN1#70 meeting, CSI process comprises combination of one NZP CSI-RS and one IMR. To facilitate CSI dependencies between CSI process additional RRC configuration parameters should be considered. More specifically the reference CSI (RI and/or preferred sub-band) along with reference CSI process may be optionally configured for the CSI process. As different CSI processes may use different NZP CSI-RS antenna ports, codebookSubsetRestriction parameter should be also defined. Alternatively codebookSubsetRestriction may be configured for each NZP CSI-RS resource. 
Proposal 5:
· CSI process definition in addition to NZP CSI-RS and IMR indexes should include:
· codebookSubsetRestriction bitmap parameter
· optional reference CSI process and reference CSI

6. Summary and conclusions

In this contribution we have provided our views on the periodic CSI feedback. The following proposals were made:
Proposal:
· Multiple CSI report multiplexing for DL CoMP is not supported in Rel-11.
· RI and UE-selected sub-bands CSI reuse from one CSI process to another should be supported in Rel-11.
· The reused RI report of the CSI process should be dropped for all cases expect for wideband CSI reporting sub-mode 2 with 8 CSI-RS antenna ports. 
· In case CSI reuse is configured the following UE behaviour should be defined:

· For the calculation of CQI/PMI conditioned on the last reported reference RI, in the absence of reference RI report the UE shall conduct the CQI/PMI calculation conditioned on the lowest possible RI as given by the bitmap parameter codebookSubsetRestriction of the reference CSI process.
· For the calculation of CQI/PMI conditioned on the last reported reference RI, in the absence of reference RI report the UE shall conduct the CQI/PMI calculation conditioned on the lowest possible RI as given by the bitmap parameter codebookSubsetRestriction of the reference CSI process.
· CSI process shall be configured in the CSI feedback mode containing the reused CSI of the reference CSI process.
· CSI process definition in addition to NZP CSI-RS and IMR indexes should include:
· codebookSubsetRestriction bitmap parameter
· optional reference CSI process and reference CSI
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