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1. Introduction

Precoded MIMO transmission is a closed loop method which allows improvement in performance based on channel knowledge. It has been established that reduction in feedback overhead is critical for closed loop MIMO to be practical in EUTRA. Codebook based methods provide a trade off between feedback overhead and closed loop MIMO performance. 

Feedback reduction in codebook based precoding can be achieved via having sufficiently small sized codebooks, and by reducing the number of precoding indices in the time and frequency domains – typically such reduction can be achieved by clustering multiple resource blocks so that a single precoding index is sent for each cluster of resource blocks and by sending precoding feedback once every (say) 10 – 20 sub-frames. However, it has been shown in many contributions such as [1][2] that clustering resource blocks can lead to non-trivial losses in codebook performance. The rate of feedback update clearly limits the speed at which closed loop MIMO can be advantageous – hence reducing the feedback rate to meet feedback overhead limits reduces the workable speed of closed loop MIMO. In addition, reducing codebook sizes beyond certain limits clearly reduces precoding performance [3], which underscores the importance of efficient codebooks – thus codebooks must be chosen with the clear perspective of optimizing performance for the given codebook size.
In this contribution, we present an efficient method and mechanism for feedback which achieves compression in the temporal and frequency domains using basic properties of the MIMO channel and scheduling methods. In this method, the precoding index for a cluster is fed back only if the precoding index changes. Moreover, a limited number of these indices are sent back by selecting clusters having high CQI value – to obtain a fixed feedback overhead. This method assumes the scenario of MIMO with frequency dependent scheduling so that, precoding feedback is updated every few milliseconds and the resulting CQI per RB is used in the scheduling decisions. 
Based on this method, we make the following recommendations:

· The high compression attained by this method allows the choice of 1 RB per precoded cluster which provides good frequency selectivity. 
· Codebook sizes for 2x2 and 4x2 MIMO can be chosen as 8-16 codewords and 32-64 codewords respectively to minimize the impact of codebook size on precoding performance.
2.  Precoded MIMO Transmission
The precoded MIMO scheme proposed for EUTRA is given in Figure 1. We assume horizontal encoding, i.e two independent codewords are transmitted assuming 2 receive antennas. The two streams are precoded and sent over 4 or 2 transmit antennas. We also assume a scenario where frequency dependent scheduling is used for closed loop MIMO so that CQI values are fed back for each RB to obtain good frequency scheduling gains. In addition, we assume that precoding indices are fed back periodically and are reflected in the CQI values used for scheduling. 
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Figure 1. Precoded MIMO with multiple codewords.

3.  Feedback method

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 precoding index calculated for each cluster goes through a channel transition detector which indicates if the current precoding index is different from the precoding index for the previous feedback instance. For example, as shown in Figure 3, at the 3rd time instance clusters 1 and 2 (from top) have changed precoding indices 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. The feedback payload consists of a maximum of say M top ranked clusters – i.e M*log2N bits indicating the cluster number  and M precoding indices of the chosen clusters with size M*log2K where K is the codebook size.
We make the following observations and recommendations:

· The feedback mechanism uses the Markovian nature 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 and hence allows closed loop MIMO to work well at low to medium speeds.

· The feedback method is very robust since the highly ranked clusters which are more likely to be scheduled are fed back thereby supporting good frequency scheduling gains.
· Clearly, for this method to work, initialization of the precoding feedback is required. An efficient method to do this is use a larger cluster size for the first feedback instance to minimize initialization feedback overhead. Such a coarse initialization is sufficient since subsequent feedback will update the highly ranked clusters which are most likely to be scheduled.
· Since this feedback is very efficient, the cluster size can be chosen to be 1 or 2 RB as recommended in [2]. The cluster size for initialization can be chosen to be 4 or 6 RBs. 

· For the same reason and as noted in [3], codebook sizes for 2x2 and 4x2 MIMO can be chosen as 8-16 codewords and 32-64 codewords respectively to minimize the impact of codebook size on precoding performance.

· Finally, the number of clusters in the transition set depends primarily on the update interval, the codebook size and cluster size. Hence, the payload cluster number M has to be chosen to trade-off performance and feedback overhead. Current investigation suggests that M = 4 – 5 can be sufficiently aggressive – detail results on this will be presented subsequently.
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Figure 2. Feedback Mechanism.
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Figure 3. 
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