3GPP TSG-RAN WG1 Meeting #70bis
R1-124264
San Diego, USA, 8th – 12th October 2012
Agenda item:
7.4.4.1
Source:
InterDigital Communications, LLC

Title:
Remaining details of periodic CSI Feedback
Document for:

Discussion and decision
1
Introduction

This document discusses the following remaining issues with periodic CSI feedback for CoMP:

· Rank and subband constraints between CSI processes

· Multiplexing with HARQ feedback on PUCCH
2
Rank and subband constraints
In R11, the network may infer the appropriate parameters for a joint transmission based on reports from individual CSI processes corresponding to the transmission points involved in the joint transmission. It has been recognized that the information provided by these reports may not be useful for this purpose unless the reported RI and subband is the same for all relevant processes. Thus, without introducing any type of constraint a joint transmission would in practice be only possible when these parameters happen to coincide. 
While it could be argued that the network should always fallback to single-point transmission when the reported rank or subband is not the same (and thus achieve optimum single-point performance), in practice it is likely that there will be many cases where there is a small difference between the CQI for a subband selected in an unconstrained way (i.e. optimally) for one process and the CQI for a subband matching the subband selected by another process. In such situations a joint transmission may be preferable but the network is prevented from using this transmission option, not having any knowledge of the performance in the matching subband. Similarly, a UE operating close to a rank-switching point for a CSI process would in many cases recommend a rank not matching that the rank selected by another process even though the performance difference is actually small.
For this reason, it would seem beneficial to introduce the possibility for constraining the rank and subband reported by two processes to be the same.

Proposal 1: Introduce support for rank and subband constraints between CSI processes.
A proposal to realize the above principle has been provided [1] and discussed at the last meeting and subsequently over the reflector. In this proposal the constraint is realized by introducing the possibility of configuring, for each CSI process, a reference CSI process conditioning its feedback according to the rank or subband reported by this process. As there is no obvious scenario where the reference CSI process for rank indication and subband would need to be different, it has been proposed during the discussion that the same reference CSI process could be used for both.
Proposal 2: A single reference CSI process is used for both RI and subband constraints.

For periodic reporting the CSI feedback is spread over multiple reporting instances according to the configured CSI feedback mode. In R10, the CQI/PMI reported in one instance is conditioned on the last reported RI (in a previous instance or same instance depending on the report type), and the case where the last reported RI was not transmitted is handled by a special rule. To handle the dependencies between reports and potential cases of missing last reported RI’s while minimizing impact on specification and existing implementations, the constraint between CSI processes could be realized according to one of the following principles:
Alt. 1 : CQI/PMI is calculated conditioned on the last reported RI of its reference CSI process, if configured.
· As proposed in [1].

· The RI of the CSI process configured with a reference CSI process may still be reported in its own instances (e.g. to minimize impact to report types 5 and 6), but is anyway meaningless (not used by the network)
Alt. 2: CQI/PMI is calculated conditioned on the last reported RI of the same process (as before). The RI reported by a process is equal to the last reported RI of the CSI reference process, if configured.

Alt. 3: CQI/PMI is calculated conditioned on the last reported RI of the same process (as before). The RI reported by a process is determined from its CSI reference process, if configured.

In case of Alt. 1, immediately after the RI of the CSI reference process is reported the PMI/CQI is conditioned on this RI and the reporting of the RI for the same process has no effect on following reports. In case of Alt. 2, the reporting of the RI of the CSI reference process has no effect on subsequent PMI/CQI reports until the RI of the same CSI process is reported. However, this RI is constrained to have the same value as the last reported RI of the CSI reference process. In case of Alt. 3, the RI is not constrained to have the same value as the last reported RI of the CSI reference process. Thus these alternatives could result in significantly different behavior in case the report instances of RI for a CSI process and the reports instances of RI for its reference CSI process would be widely spaced apart. However, it should be noted that in practice there anyway is no obvious reason why the network would need to configure the reports instances in this manner.
In R10, in the absence of a last reported RI the UE conditions the CQI/PMI on the smallest possible RI. In case a report containing RI is not transmitted the following rules could be defined for each of the alternatives:
· For Alt. 1, in the absence of a last reported RI for the reference CSI process, the UE conditions the CQI/PMI on the smallest possible RI for the reference CSI process
· For Alt. 2 behaviour would need to be defined for the absence of either the last reported RI of the CSI process or the last reported RI of the reference CSI process

· For Alt. 3 the existing behaviour may be sufficient
From the point of view of simplicity Alt. 2 is not preferred, while either Alt. 1 or Alt. 3 would be acceptable. As Alt. 1 offers the possibility for overhead reduction (through compression) as an additional benefit, it is slightly preferred. It has been identified that not transmitting RI creates potential complications for report types 5 and 6 where it is transmitted with another CSI component. However, these report types are only used for the case of 8 antenna ports which may not represent the most common scenario. Allowing compression for only report type 3 does not seem to create significant implementation issues and would provide benefit for the vast majority of scenarios.
Proposal 3: CQI/PMI is calculated conditioned on the last reported RI of its reference CSI process, if configured.

Proposal 4: In the absence of a last reported RI of its reference CSI process (if configured), the UE conditions the CQI/PMI calculation on the lowest possible RI of its reference CSI process.

· This is irrespective of whether there is absence or not of a last reported RI for the same process.

Proposal 5: A UE configured with a reference CSI process does not transmit a report type 3 in its reporting instances for RI.
The same principle could be applied for subband constraint, although in this case the additional complexity brought in by compression may not warrant its introduction.

Proposal 6: Subband CQI is calculated conditioned on the last indicated subband of its reference CSI process, if configured, for the same bandwidth part.

3
Multiplexing CSI with HARQ feedback on PUCCH F3
As part of Carrier Aggregation (for R11) it was agreed in RAN1#70 to support multiplexing of the periodic CSI of a single cell with HARQ-ACK over a PUCCH format 3 resource indicated by ARI. The case where CoMP and CA are both configured was left for FFS.
When both CoMP and CA are configured there may be more than one CSI process for each serving cell. At least for R11 the simplest solution for multiplexing CSI with HARQ A/N into PUCCH format 3 would multiplex at most a single CSI report. The selection of the CSI process and serving cell could follow the same prioritization rule as for any other periodic CSI feedback.
Proposal 7: 
· For a UE configured with PUCCH format 3 for HARQ-ACK transmission and in case both CoMP and carrier aggregation are configured and

· In a subframe where a UE is configured to transmit periodic CSI for at least one CSI process and a PUCCH format 3 resource is indicated for HARQ-ACK transmission:

· The UE transmits HARQ-ACK and a periodic CSI report for a single CSI process

· The CSI process is selected according to the same prioritization rule as for other periodic CSI reports
· The encoding follows the same rule as for the case where only carrier aggregation is configured

5
Conclusion
In this contribution we present our views on the remaining issues with periodic CSI reporting for CoMP.  We propose the following:

With respect to rank and subband constraints:
Proposal 1: Introduce support for rank and subband constraints between CSI processes.
Proposal 2: A single reference CSI process is used for both RI and subband constraints.

Proposal 3: CQI/PMI is calculated conditioned on the last reported RI of its reference CSI process, if configured.

Proposal 4:In the absence of a last reported RI of its reference CSI process (if configured), the UE conditions the CQI/PMI calculation on the lowest possible RI of its reference CSI process.

· This is irrespective of whether there is absence or not of a last reported RI for the same process.

Proposal 5: A UE configured with a reference CSI process does not transmit a report type 3 in its reporting instances for RI.

Proposal 6: Subband CQI is calculated conditioned on the last indicated subband of its reference CSI process, if configured, for the same bandwidth part.

With respect to multiplexing of CSI and HARQ feedback on PUCCH format 3:
Proposal 7: 

· For a UE configured with PUCCH format 3 for HARQ-ACK transmission and in case both CoMP and carrier aggregation are configured and

· In a subframe where a UE is configured to transmit periodic CSI for at least one CSI process and a PUCCH format 3 resource is indicated for HARQ-ACK transmission:

· The UE transmits HARQ-ACK and a periodic CSI report for a single CSI process

· The CSI process is selected according to the same prioritization rule as for other periodic CSI reports

· The encoding is performed in the same way as the case where only carrier aggregation is configured
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