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1. Introduction
So far, a lot of UE feedback related issues have been discussed including set-S definition, error protection for CQI/PMI feedback modes on PUSCH, rank feedback mechanism and so on. However, further details should be discussed and concluded in order to finalize LTE specification as soon as possible. In this contribution, we would like to point out some remaining points of UE feedback.
2. Open Issues on UE feedback
· Definition of Set-S
A couple of contributions [1]-[3] have proposed to introduce UE-specific set-S in order to minimize uplink feedback overhead by defining smaller reporting bandwidth than whole bandwidth in case that CQIs for partial bandwidths are only available at eNode-B side. Furthermore, by employing UE-specific set-S, it is applicable to implement fractional frequency reuse (FFR) to handle inter-cell interference so that the system could provide better service for cell-edge UE. However, it seems hard to show the gain obtained from defining set-S, and such a FFR could be implemented without definition of set-S since it could be implicitly implemented with full UE channel information of whole bandwidth and channel dependant scheduling. Furthermore, in order not to increase test case in this spec freezing stage, it is preferable to define set-S as whole system bandwidth in this release.
· Relation of CQI/PMI and Rank
The error requirement of rank is generally higher than that of the CQI/PMI since the rank feedback error may cause significant system performance loss, thereby requiring more reliable feedback channel for rank feedback. In RAN1 #52 Sorrento meeting [4], followings were agreed due to abovementioned reasons as a working assumption on rank feedback.
· Periodic wideband PUCCH report (combination of PUCCH and PUSCH is not the scope of the decision)

· Multiplexing of RI and wideband CQI/PMI on PUCCH -> Alt1 below agreed. Revisit the decision if problems are found.

· Alt1: Agree on the proposal of R1-081116 with the addition of allowing different offsets between RI and CQI/PMI while keeping the period of RI is an integer multiple (including M = 1) of CQI/PMI period. 

· In case of collision between the rank and the wideband CQI/PMI, drop the wideband CQI/PMI.

· The most recently transmitted RI on the PUCCH is used by the UE to calculate the wideband CQI/PMI reported on the configured resource on PUCCH.

However, it is not discussed yet how to handle the combination of periodic PUCCH and aperiodic PUSCH reporting since PUSCH reporting modes always include rank information, therefore, the rank could be suddenly changed within rank feedback period in PUCCH. For this case, it seems to be most simple and reliable way to separate two CQI reporting channels since the rank could be different even in same channel according to CQI and PMI calculation method. For instance, WB CQI/PMI mode may have lower rank in the same channel as compared with FS CQI/PMI mode.
In [5], it was proposed to employ as an additional option in which rank information can be jointly coded with CQI/PMI on PUCCH in order to avoid wasting PUCCH resources in some feedback modes including open-loop SM. If we take the feedback overhead of open-loop SM into account, the option 2 could be a good solution to optimize uplink feedback scheme. However, it should be used only for open-loop SM in order not to increase test cases.
· Error protection for CQI/PMI feedback modes on PUSCH
In downlink control signalling, it was agreed to employ 1bit confirmation to indicate PMI indexes for frequency selective precoding and one PMI indication state for better support of rank override in eNode-B. Keeping that in mind, the confirmation bit could be used when FS precoding is employed in downlink, and one PMI indication state could be used when wideband precoding and/or PMI overriding are applied. In [6], it is shown that no noticeable performance loss if the control signalling information in PDCCH is guaranteed with higher error requirement. However, when 1 bit confirmation is applied for FS precoding, it is necessary to employ CRC in PUSCH CQI/PMI feedback information because the confirmation status otherwise causes misinterpretation of the used PMIs in UE side for a PMI feedback error case, which may result in the worst case of performance loss from erroneous feedback. For other reporting modes including 2-0, 3-0 and 3-1,  we need further verification on whether we need to attach CRC to CQI and/or PMI information since it may cause significant uplink feedback overhead. Therefore, we prefer to attach CRC to CQI/PMI feedback information on the modes supporting frequency selective precoding in PUSCH.
· Multiplexing of Rank, CQI/PMI and A/N on PUSCH
In RAN1 #52, it was agreed that Rank, CQI/PMI and A/N information are reported together in the same subframe. In addition, CQI/PMI is mapped in time-first manner and A/N information is located next to the DMRS with repetition code. However, it is not decided yet how to multiplex RI with CQI/PMI and A/N information. In RAN1 #52bis, several contributions [7]-[9] were submitted. From previous contributions, it seems that two alternatives can be considered as a candidate as follows:

· Alternative 1: RI is separately encoded with CQI/PMI and mapped next to the A/N with same coding to provide robust RI feedback.
· Alternative 2: RI is jointly encoded with CQI/PMI and one CRC is used for error detection.

Between two alternatives mentioned above, it is obvious that alternative 1 is more adequate as an RI multiplexing scheme since, as mentioned above, RI requires more reliable feedback channel to keep the reasonable system performance. In addition, the coverage of alternative 2 basically relies on minimum coding rate in given modulation order in CQI table, thereby RI coverage cannot be guaranteed in the joint coding case. From a decoding complexity aspect, alternative 1 is again preferable since it can reduce blind decoding attempts by detecting RI first before demodulating. Therefore, we strongly recommend adopting alternative 1 as an RI multiplexing scheme.
3. Conclusion
As a summary, our view on remaining issues on UE feedback is as follows:

· It is recommended that set-S is defined as whole system bandwidth in this release as far as the significant gain is not shown.

· On the rank feedback issue:
· More strong error requirement should be considered for rank feedback as compared with CQI/PMI feedback in order to keep the system performance.

· PUCCH and PUSCH should be isolated for the sake of simpler UE implementation.
· Joint encoding of RI and wideband CQI for open-loop SM is preferable in order not to waste PUCCH resources.

· It is proposed to attach CRC for error protection of FS precoding reporting on PUSCH.

· Alternative 1 is strongly recommended for multiplexing of RI, CQI/PMI and A/N on PUSCH
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