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Introduction
In the RAN1 meeting #51 at Jeju, Korea, at way forward for frequency selective reporting on PUCCH was agreed [1].  The points in the agreement are summarized below:

· For the frequency-selective CQI, a CQI report in a certain subframe describes the channel quality in a particular part or in particular parts of the bandwidth (a part is frequency-consecutive and an integer multiple of the subband size)

· Which bandwidth part(s) to use varies deterministically from one CQI report subframe to another covering the entire S after a finite period

· The CQI in the current bandwidth part corresponds to either 

· Scheme 1: Best-M average

· Best M subbands are selected in the current bandwidth part
· 5 bit CQI over the selected M subbands is obtained
· An indicator of selected subbands

· Scheme 2: CQI for each subband 

· Bandwidth part corresponds to one subband

· Inclusion of a wideband CQI as reference in differential encoding within CQI report sent in the same subframe is FFS

· LTE should only adopt one of the two schemes [Scheme 1 or Scheme 2].

· Which one to adopt is FFS

In this contribution we discuss the suitability of the two candidate schemes, namely Best-M average and cycling through for frequency selective CQI transmission on PUCCH.
1. Frequency selective CQI on PUCCH for single TX and TX diversity
The fundamental differences between the two candidate schemes are

· Payload size (4 bits for Scheme 1 vs. 7-8 bits with Scheme 2). 

· This also impacts the coverage of the candidate methods; Scheme 2 allows for stronger channel and hence for increased coverage.
· The time it takes to cover the whole system band (or the subset S)

· As in a single Scheme 1 report includes frequency information from several subbands (e.g. 5 -7 according to [2]) it can collect the CQI information a lot faster than scheme 2, which scans the system band one subband at the time

Considering the pros and cons of the proposed schemes Scheme 1 is superior from the delay and PUCCH overhead point of view while Scheme 2 gives slightly better coverage for the cell-edge UEs. It is to be noted that collecting detailed CQI information using Scheme 2 assuming same subband size as for scheme one takes 5  - 7 times as long as with Scheme 1. This also means that the number of consumed PUCCH resources is 5 to 7 fold.
It has been accepted, that one of the PUSCH CQI transmission modes shall be UE selected subbands feedback, i.e. Best-M average. In a sense to maximize the commonalities between the two CQI reporting Channels, PUCCH and PUSCH it makes sense to have similar option also for frequency selective reporting on PUCCH. Hence we propose to base the frequency selective reporting on PUCCH on best-M average.
2. Frequency selective CQI on PUCCH for SU-MIMO

In the case of CQI feedback for SU-MIMO the number of feedback bits increases considerably. According to [2] and [3] up to 16 bits are required to transmit Best-M average CQI. Such high payload size leads to issues with the coverage of the PUCCH. It was agreed in RAN1#51 meeting that:
· One PUCCH subframe should be self decodable and useful to eNodeB

· A CQI report in a certain subframe does hence not exploit time or frequency correlations with respect to previous CQI reports

In essence this means that each CQI report sent in a single PUCCH subframe should contain all the information required for the eNodeB to utilize it without a need to correctly decode other CQI reports (excluding rank information).  Hence, e.g. sending the CQI in one subframe and the corresponding PMI in the next one is not allowed – if the eNode be misses one the two subframes the other one would be useless as well.

One way to cope with the restriction and to keep the system is simply not to specify a reporting mechanism for frequency selective MIMO CQI on PUCCH. Another solution for guaranteeing sufficient coverage for the users with frequency selective CQI on PUCCH in the case of MIMO has been presented in [4]. In Multi Sequence Modulation multiple cyclic shifts are allocated to a single UE and precoding is used to lower the cubic metric. The link performance results for MSM are presented in Figure 1. Due to larger coding gain otherwise poor performance at CQI payloads of above 10 bits can be improved significantly. 
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3. Conclusions

In this contribution we have discussed frequency selective CQI reporting on PUCCH both from non-MIMO and MIMO point of view. The conclusions can be summarized as follows:
· In the non-MIMO case best-M average provides in our view a better compromise from the PUCCH overhead point of view by allowing for a lot faster collection of CQI information for the whole available spectrum and is the preferred option.

· In the MIMO case the large number of feedback bits set some requirements to the selection of the reporting format. Here Multi Sequence modulation can be used to guarantee sufficient coverage for the user with frequency selective CQI.  
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Figure 1. Link performance results different CQI sizes. 








