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1 Introduction

In [1] RAN1 confirmed the following understanding for CQI reporting:

· Unless explicitly stated otherwise, the set of subbands S, semi-statically configured by higher layers, is used for all CQI related UE operations

· The term “wideband CQI” denotes the CQI value obtained over the set S

However, except for the above, there has been little discussion so far about the details of set S. We would like to kick off discussion about different configuration possibilities to progress RAN1 work and give relevant information to other WGs to enable efficient configuration of the set S.

2 Discussion

In the following subsections, we discuss some possibilities and their merit.

2.1 System bandwidth equivalent to set S

The eNB should be able to configure set S so that all PRBs within the system bandwidth are included – in other words there is no restriction imposed by set S on the CQI reporting.

We see a particular benefit of such a configuration for small system bandwidths where the number of PRBs is anyway so small that a further reduction by a set S definition would not make sense, as the savings for processing and overhead are relatively insignificant.

Also for large system bandwidths and a not too large number of UEs in a cell this configuration would show benefits, as the resulting CQI report can be used for good exploitation of the offered multi-user and frequency diversity.

2.2 Contiguous regions for set S

2.2.1 Upper / lower regions within the system bandwidth

Allowing for set S to encompass a contiguous upper or lower bandwidth region of system bandwidth will be beneficial for large BW cells, where sufficient frequency diversity/selectivity is available in either bandwidth region regardless of the channel type, so that a UE can be “parked” in such a bandwidth region for a long period of time without significant reduction of the scheduling degrees of freedom. This means that within such a bandwidth region, the channel should have some fluctuation – ergo the channel coherence bandwidth should be to some degree smaller than the bandwidth region.

Considering a rather flat channel such as Pedestrian A, the 50% coherence bandwidth is roughly 4-5 MHz. Therefore from this perspective the size of S should not be smaller than 25 PRB. This would mean that for cells with a system bandwidth of 5 MHz and smaller, there would be no further upper/lower restriction of S required.

Even though the coherence bandwidth can be smaller for other channel types such as the TU6, testing and simplicity reasons we prefer to have only a single size for such a contiguous region. As in this case a flat channel is rather a worst-case assumption, we propose to have a contiguous region of set S encompassing not less than 25 PRB. Consequently set S for a UE in a 20 MHz cell could be configured to be one out of four contiguous 25 PRB regions. A further candidate would be to allow set S to encompass 50 contiguous PRB to have a clear bipartite partitioning of the bandwidth. Currently we think this would require further discussion.
2.2.2 Edge regions within the system bandwidth

Reporting CQI only for resources close to both edges of the bandwidth would naturally most beneficial if the allocation will occur in those bandwidth regions. It may be possible that distributed mode PRBs are allocated firstly on the bandwidth edges in order to maximise the frequency diversity of allocated PRBs. However, the underlying assumption for a distributed mode allocation is that subband-specific CQI values are rather inaccurate mainly due to variation in time domain. Therefore we see the main benefit of using the distributed allocation for the case where an average CQI reflects rather only the slow-fading conditions, and is not influenced by fast-fading conditions.

Clearly, reporting even a wideband CQI for only the edge regions of the bandwidth includes some inherent fast-fading effect compared to a wideband CQI obtained for the whole bandwidth. Therefore a full bandwidth wideband CQI value more accurately reflects the CQI conditions that are desired for usage of the distributed mode allocation.

Consequently, we see currently no strong reason to define a subset S that contains only a small number of resources from both edges of the system bandwidth.

2.2.3 Central regions within the system bandwidth

Complementary to the edge regions discussed above, we may have reason to assume that localised mode allocations happen predominantly in the central region of the system bandwidth, i.e. not around the edge resources that would be frequently used for distributed mode allocations.

However, according to the current status of RAN1 discussion we must assume that the partitioning between resources used for localised and distributed mode changes dynamically, while the subset S can only be changed semi-statically. So a restriction using set S would only be able to represent the localised resource area in a rough way, which currently may not be sufficient to justify such a configuration possibility.

Consequently we think at this point that the inclusion of a central region configuration of set S needs further discussion.

2.3 Distributed subbands for set S

A “distributed” definition of S, i.e. every nth subband, could make sense to reduce the feedback amount e.g. for the eNB-configured PUSCH report. The assumption would be that the channel is sufficiently flat such that a reported CQI for a given subband is equally valid for the adjacent n subbands. If the channel coherence is wide enough, then the eNB could interpolate the CQI for subbands between the reported subbands.

For the rather flat Pedestrian A channel, the 90% coherence bandwidth is 400-500 kHz. Beyond this, we can assume that a CQI value is not sufficiently accurate anymore. Bearing in mind the decision on the BW-dependent subband definition for the different reporting methods [1], the minimum subband bandwidth is 360 kHz (for up to 26 PRBs ~ 5 MHz BW) in case of UE-selected feedback and 720 kHz for NodeB-selected feedback. In other words, sufficient coherence beyond a single subband cannot be assumed for a very wide range of scenarios. Consequently a “distributed” definition of S does not make sense if the purpose is only to reduce the amount of feedback without compromising accuracy, even if interpolation methods are being employed.

Proposal

We propose to include at least the following configuration possibilities for set S:

· System bandwidth equivalent to set S
· Contiguous regions within the system bandwidth
· Additional configuration possibilities for set S need further discussion
Furthermore, we propose to define:

· A contiguous region of set S encompasses the equivalent of 25 contiguous PRB. Further values are FFS.
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