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1 Introduction

In RAN1 WG1 meeting 49bis, an LS [1] was received from RAN4 about CQI reporting requirements in LTE. In short, RAN4 identified the following points:
I. It would be desirable that the CQI definition is created such that an observable test requirement can be made based on what happens if eNB follows CQI recommendation from UE.

II. As the resolution of the PRB is very fine, leading to large range of possible CQI values, it should be possible to determine the CQI report in a manner which keeps the report accurate. For example, as high user multiplexing order is expected to facilitate e.g. frequency domain packet scheduling , the report needs to take into account the performance aspects related to Turbo decoder performance with varying block sizes.

III. It would be beneficial if the CQI report definition relates directly to link adaptation parameters for the UE, allowing the CQI report (and the eNB scheduler) to be made in a general receiver independent manner. For example for best-M, the report for each PRB could refer to a certain supported TBS and transmission scheme (e.g. modulation, coding, precoding setting, rank, etc.).

In this contribution, we identify and discuss some issues that need to be considered when actually choosing on a compression scheme.

2 Discussion

When discussing CQI compression schemes and their performance, it is necessary to discuss and decide the metric that should be used for the CQI reporting. In previous RAN1 discussion documents, a widely used metric has been the SINR per resource block or subband, which is compressed and reported to the eNB. However the RAN4 LS states clearly that in their view the report should be made in a receiver-independent manner. We assume that this means that the report should implicitly comprise receiver implementation effects by signalling which TBS, MCS, etc. can be supported with the prevailing architecture to fulfill a certain quality requirement such as BLER.

For sake of simplicity we will assume that the basic question is whether the reporting metric should be based on SINR or on TBS.

Hereafter, we would like to point out certain advantages and disadvantages associated with SINR- and TBS-based reporting. A decision on the metric affects what functionality would be required in the eNB implementation, in the UE implementation, and in the CQI report itself.

2.1  Modulation Switching

It has been pointed out in [2] that modulation switching to next higher level of modulation happens at a relatively low coding rate when the OFDM transmission experience frequency-selective fading. On the other hand, the switching to the next higher level of modulation happens at a relatively higher coding rate when the OFDM transmission experiences a "flat-fading". In order to enable adaptive (i.e. different) modulation switching points in link adaptation, appropriate information should be indicated to the scheduler.

 Such information can be exchanged like following manner:

· In case of SINR-based reporting, the link adaptation would choose autonomously about where to set the switching based solely on whether the allocated RBs are more AWGN-like or show rather frequency-selective behaviour. This may be deduced from the reconstruction of the channel profile based on the CQI report.

· In case of TBS-based reporting, the link adaptation would need to know whether the reported TBS is based on a frequency-selective or flat distribution. This may be specified in the standard, or it may be configured by the eNB as part of the CQI reporting mode, or it can be part of the feedback information from the UE. If the scheduler would like to change the allocation compared to what is recommended by the UE in the CQI report, some measures would have to be implemented to take a possibly different modulation switching point into account in the link adaptation procedure.

2.2 Observable Test Requirements

The more the CQI report is related to metrics that are used in the downlink control channel, the easier it is to check the UE performance in case the recommendation of the UE is strictly followed by the eNB.

· In case of SINR-based reporting, it would be rather easy to check that the RBs that are reported as relatively strong are preferably assigned to the UE. On the other hand, in order to verify that a adequate MCS is allocated, an additional UE-dependent metric (e.g. an offset in dB against a “normalised” receiver) needs to be available at the eNB. This would be required not only for testing purposes but most likely also for normal operation.

· In case of TBS-based reporting, it should be easy to check that the RBs that are reported by the UE with a corresponding supportable TBS are allocated. It should also be easy to verify whether the allocated MCS is equivalent to the reported TBS for a given RB or range of RBs.

2.3 Advanced Receiver Performance Aspects

The CQI report should take into account, either implicitly or explicitly, the performance of the employed hardware and software algorithms when it comes to reception and decoding of the signal. For example, advanced channel estimation, equalisation, cancellation techniques or improved turbo decoding are implementation-dependant aspects that should ultimately influence the modulation scheme, coding rate, transport block size.

It may be noted that in case that the MCS table contains overlapping spectral efficiency entries, the feedback could already comprise a recommendation by the UE whether it considers a high order modulation scheme bundled with a low coding rate is beneficial, or whether a low order modulation scheme bundled with a high coding rate is more appropriate. This is related to the discussion above about the modulation switching point.

· In case of SINR-based reporting, an additional UE-dependent metric (e.g. an offset in dB against a “normalised” receiver) needs to be available at the eNB.

· In case of TBS-based reporting, the performance of the receiver would be implicitly included in the CQI report, as the receiver characteristic is incorporated when determining the TBS level that is to be reported.

2.4 Wideband Report

According to [3] and previous discussion, it appears almost certain that a wideband average CQI report is necessary. Evidently this should comprise an average quantity over the whole downlink frequency bandwidth.

In case of SINR-based reporting, a straightforward solution is to send an arithmetic or EESM-based average value.
In case of TBS-based reporting, the TBS that is supported depends on the number of RBs that are allocated to a UE. As in the case of wideband reporting, the straightforward solution would be that the TBS should be reported for the case that the whole bandwidth, i.e. all RBs are allocated to the UE. However, a UE with reduced capability may not support this configuration. Therefore we think it is preferable that the TBS is obtained assuming that a number K out of N RBs (or subbands) are allocated to the UE. For example, for the whole bandwidth representing N=50 PRB, the UE signal the TBS that can be supported assuming that K=5 PRB are allocated having that SINR average CQI.

2.5 Subband-dependent Report

A fundamental issue arises when assuming that the CQI is reported as TBS per subband.

First of all, there needs to be a definition what the TBS should be determined for. A straightforward approach would be to report the TBS that can be supported by the RBs in a subgroup provided that exactly these and only these RBs are allocated.

As soon as the eNB does not follow the recommendation by the UE, i.e. when not all of these or more than these RBs are allocated, two major issues arise. 
1. The effect of different transport block size: When the available transport block size for the allocated RBs may change compared to the report, this would have an effect on the BLER because the turbo decoding performance is different for different code block sizes. 
2. The effect of concatenated multiple reported values: Means must be implemented that allow for example to determine a resultant TBS in case that subgroups for which TBS are reported are concatenated. For example, if the report states that subband 1 supports TBS k1, and subband 2 supports TBS k2, the question is what is the most appropriate TBS in case the eNB allocates all RBs within subband 1 and 2. Since RAN1 is currently assuming that only a single transport block is used, some method must be devised to obtain such a combined TBS level. One possible method might be EESM which used often in the system simulation

Although the above functionality lies within the eNB and is not necessarily standardized, some feasibility discussion would be necessary to finalize the CQI discussion.
2.6 Stream-dependent Report

Like for the subband domain above, an issue arises for the multi-stream reporting when the downlink assignment is not following the report, e.g. rank override at the eNB side.

Again, there needs to be a definition what the TBS should be determined for. A straightforward approach would be to report the TBS that can be supported using a certain MIMO PMI and/or rank provided that this is strictly followed by the eNB.

As soon as the eNB does not follow the recommendation by the UE, i.e. when the MIMO PMI and/or rank is changed, a method needs to be implemented how to deal with the situation. One solution would be to report CQI for various MIMO combinations of PMI and rank, which however in our opinion is too costly in terms of the uplink overhead that would be mandated. Therefore in case of TBS reporting some functionality would be necessary in the eNB to allow efficient allocation and TBS selection when the recommendation is not followed strictly.

3 Summary

We identified several issues linked to the metric that is used for CQI reporting in section 2. These issues and the consequences on content of the report and functional split between UE as the reporting unit and eNB as the evaluating unit should be considered when deciding what kind of metric is most appropriate for the LTE CQI report. 
According to the above discussion, we slightly prefer to use TBS as the CQI report metric.
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