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1. Introduction

Several contributions have been presented in the past few meetings that discuss methods to reduce CQI feedback overhead. Some of these methods are based on choosing the best M chunks for CQI updates, while DCT based methods send a subset of the DCT coefficient values where the subset of values can be chosen to be Lowest M coefficients or most Significant-M values. A summary of these contributions and references can be found in [1].
In this contribution, we present an efficient mechanism for feedback which achieves compression in the temporal and frequency domains using basic properties of the channel and scheduling methods. In this method, the CQI for a cluster is fed back only if the CQI changes from one reporting period to the next – note that a differential value is not fed back, the actual value of CQI is fed back. Moreover, a limited number of these CQIs are sent back by selecting clusters having say highest CQI value – say to obtain a fixed feedback overhead. Thus, this scheme can be denoted as best-changed-M CQI scheme. This notion can also be applied to the DCT based method mentioned above – the DCT coefficients are tracked and a subset of those DCT coefficients that have changed are fed back.
Based on this method, we make the following recommendations:

· The proposed scheme of updating a subset of changed CQI/DCT values be standardized as the mechanism for CQI feedback in EUTRA.
· The high compression attained by this method allows the choice of 2-4 RBs for CQI resolution which provides good frequency selectivity. 
· The CQI update rate and best-changed-M factor can be traded off very well with this method to optimize the tradeoff between feedback overhead, performance and supportable speeds for CQI based scheduling – these parameters are for FSS.
2.  Best changed-M scheme
Assume that there are N clusters for a given bandwidth where each cluster may consist of 1 or more RBs. Also assume that the feedback rate is once every T subframes. The proposed feedback method shown in Figure 2 uses a simple on-off feedback mechanism idea, wherein the CQI calculated for each cluster goes through a channel transition detector which indicates if the current CQI is different from the CQI for the previous reporting instance. For example, as shown in Figure 3, at the 3rd time instance clusters 1 and 2 (from top) have changed CQIs and are collected in the ‘transition set’.  Now, the clusters in the transition set are ranked according to criteria such as their CQI values or sum rate of streams in the case of MIMO. The feedback payload consists of a maximum of say M top ranked clusters – i.e M*log2N bits indicating the cluster number  and M CQI values of the chosen clusters with size M*log2K where K is the CQI feedback resolution in bits => 
total overhead  = M*log2N + M*log2K
3.  Best changed-DCT scheme

The proposed feedback method shown in Figure 4 uses a simple on-off feedback mechanism idea, wherein the each DCT coefficient of the CQI values calculated at a given reporting interval go through transition detectors which indicate if the current DCT coefficient value is different from its value for the previous reporting instance. The changed DCT coefficients are collected in a transition set and are ranked according to a criterion like say coefficient number or coefficient values. The DCT coefficients fed back are a subset of the transition set, where the subset is chosen according Lowest-M or significant-M criterion. The feedback payload consists of a maximum of say M top ranked DCT coefficients – i.e M*log2N bits indicating the DCT coefficient number  and M values of the chosen DCT coefficients with size M*log2D where D is the DCT coefficient resolution in bits => 

total overhead  = M*log2N + M*log2D
4.  Discussion
We make the following observations and recommendations:

· The feedback mechanism uses the temporal correlation of the subcarrier channels, so that the feedback rate of a few milliseconds makes this mechanism quite efficient and in turn the relatively low payload allows a relatively smaller updating period. The overhead number M depends primarily on the update interval, UE Doppler, and for the case of the DCT method also on the channel statistics in the frequency domain. 

· For a fixed update interval and channel characteristics, different UEs at different speeds may require different values for M. This allows assigning variable control channel resources depending on the UE speeds and performance requirements – thus the system is not constrained by the UE at the highest speed.  In general, the payload cluster number M provides a convenient mechanism to trade-off performance and feedback overhead. 
· Since this feedback is very efficient, the cluster size for CQI can be chosen to be 2-4 RBs to allow maximum scheduling gains. 

· The feedback method is very robust since the highly ranked clusters which are more likely to be scheduled are fed back thereby supporting frequency scheduling.
· Clearly, for this method to work, initialization of the CQI/DCT values is required. For the Best changed-M method, an efficient way to do this is use a larger cluster size for the first feedback instance to minimize initialization feedback overhead. The cluster size for initialization can be chosen to be 4 or 6 RBs or higher. Such a coarse initialization is sufficient since subsequent feedback will update the highly ranked clusters which are most likely to be scheduled. Alternatively, the CQIs for the entire set of clusters can be initialized at the beginning – this does not represent a significant overhead, relatively speaking, since it is done only once when the UE comes out of the inactive state and is waiting to be scheduled. Similarly for the best changed-DCT scheme, all the DCT coefficients or a relatively large M can be chosen at the initialization instance.
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Figure 1. CQI Feedback Mechanism.
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Figure 2. Feedback illustration
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