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1 Introduction

At RAN1#70bis, an agreement has been reached on rank constraints for aperiodic CSI reports, and a similar discussion has been held to extend the agreement also to periodic reports. The status of the discussion how to realise this can be given as follows:


[image: image1]
In this document, we show our view about such constraints for periodic CSI reporting.
2 RI and subband feedback in periodic reporting
For TM 10, the reporting modes that are potentially subject to RI constraints are modes 1-1 and 2-1, while modes 2-0 and 2-1 are potentially subject to subband constraints.

The currently defined feedback modes would handle each CSI process independently from other CSI processes, so that the straightforward behaviour would be that no further constraints are introduced. In fact, such a behaviour is particularly beneficial in case of dynamic point selection, where the target is to find the optimum transmission point with optimum transmission rank, precoder, and MCS selected according to the corresponding feedback for the preferred subband (where appropriate). It would therefore be highly detrimental to enforce an RI or subband constraint for such use cases.
With this motivation, if a constraint is introduced, we think it is vital to not only allow the configuration of a reference process, but to allow no constraint as well. Otherwise the agreement from RAN#70 "all the Rel 10 CSI reporting modes are supported for CoMP in Rel 11" would be violated.

In RAN1#70bis, simulation results in [1] claim that for aperiodic CSI reports the CoMP-DPB gain for cell-edge UEs without a rank constraint amounts to up to 19.2%, while with a rank restriction it can amount to up to 44.4%. Evidently, in the aperiodic CSI case all relevant CSI feedback for the required process is jointly transmitted. We expect that the possible gains by a rank restriction for periodic CSI reports will be substantially smaller for the following reasons:

· While in the aperiodic CSI case all relevant CSI feedback for the required process is jointly transmitted, the periodic CSI case does not offer that possibility. For two CSI processes, we note that at least 3 ms (for FDD) are required to transmit the reference process RI, the reference process wideband CQI, and the linked process wideband CQI is available at the eNB. This may in addition mean that the different CSI processes report about different CSI reference resources. Therefore the accuracy of the CSI information will be inferior to the aperiodic case
· In the aperiodic CSI case the gains in [1] are based on aperiodic CSI mode 3-1, i.e. including CQI for each subband in the frequency domain. No equivalent feedback mode is available for periodic CSI reports. In fact, periodic CSI mode 1-1 offers only wideband CQI feedback, which practically disables frequency-selective scheduling and frequency-selective dynamic blanking. Even for periodic CSI mode 2-1, only a single subband CQI value is reported, which puts a strict limit on the possible data rate that can be scheduled (assuming single Tx transmission, even for a 20 MHz cell the theoretical maximum TBS would be limited to roughly 8% of the value that might be achieved if the aperiodic CSI were available). It should be further mentioned that it takes at least 5 ms (for FDD) in periodic CSI mode 2-1 until the corresponding feedback is available at the eNB. Therefore the overall benefit of periodic CSI for CoMP is questionable, rendering small improvements that might be resulting from a rank constraint still rather unattractive.
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The introduction of constraints would allow a reduction of feedback overhead, since redundant rank or subband information would be generated. As can be seen from the discussion in RAN1#70bis, there seems to be a preference to realise the reduction of feedback overhead by restricting the RI periodicity and offset values to be identical for linked and reference processes. We think this puts an unnecessary restriction on the eNB's periodic CSI configuration, since we identify no strict technical reason for such a timing constraint - the only benefit would be that redundant RI information is saved, however this is not required for a successful operation. Moreover, enforcing the same periodicity and offset for the linked and reference CSI processes can cause problems. For example, in PUCCH mode 1-1-A with 8 Tx reporting, the RI is jointly encoded with W1. Enforcing the same periodicity and offset of RI implies that there no chance to report W1 of the linked CSI process(es), which affects the demodulation performance. An additional issue is that the RI might be dropped due to collision with A/N feedback. Though this might be avoided by a proper scheduler operation, it may put undesirable constraints on the scheduler particularly in case that the inherited RI is only reported in the reference process PUCCH instances. Without any restriction on the RI rank and offset configuration, the eNB is already free to configure the CSI processes in such a way that all RI reporting instances overlap, if desired.

Since the work item should be completed until December 2012, we think an important question is whether such a constraint is necessary to make Release 11 CoMP functional. From this perspective, our analysis shows the following:

· Periodic feedback without RI or subband constraints is well defined and unambiguous for eNB and UE

· Dynamic point selection works well without introducing constraints

· Dynamic point blanking cannot benefit from a rank restriction in a similar way as for aperiodic reports

· The importance of periodic feedback for CoMP is questionable due to the inherent delay
· The introduction of constraints may incur additional testing efforts

Overall, the introduction of constraints is not important to finalize the CoMP Work Item in Release 11 in our view.
In addition to the above findings, the introduction of constraints could lead to new error cases or even error propagation, even though this strongly depends on whether the constraint has any effect on the CSI payload or not.
3 Conclusion
We are reluctant to introduce RI or subband constraints to periodic CSI reporting in Release 11 since we don't think it is important in order to finalize the work item, and for the following reasons:

· The importance of periodic feedback for CoMP is questionable due to the inherent delay 

· The benefits of a constraint can be expected to be far smaller than what has been shown for the aperiodic CSI case

· Enforcing same RI offset and periodicity for linked and reference processes is an unnecessary restriction and may cause problems as far as joint RI+W1 reporting is affected

· Periodic feedback without RI or subband constraints is well defined and unambiguous for eNB and UE

· Dynamic point selection works well without introducing constraints

· Dynamic point blanking cannot benefit from a rank restriction in a similar way as for aperiodic reports

· The introduction of constraints may incur additional testing efforts
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Proposal:


For Periodic feedback, take the following proposal as working assumption out of this meeting


When a reference process is configured


A RI-reference-process can be configured for a CSI process


RI of the process can be configured to inherit its value from the most recent RI report of the RI-reference-process


The RI computation for a first CSI process, without a reference CSI process, is derived solely based on the first CSI process, it does not take into account any other CSI processes, regardless if a second CSI process has been configured with the first CSI process as a reference  CSI process


No consensus on subband and PMI reference process 


A CSI process must be configured in the same feedback mode and on the same CC as the reference CSI process


If the RI of a CSI process is configured to inherit its value from the most recent RI report of the RI-reference process


Same period and offset are configured for the RI of the linked process as the reference process
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