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1. Introduction
In this contribution, we present our views on several aspects of MIMO-related UE feedback:
1. Rank selection feedback: fast rank adaptation with a single rank selection feedback per UE
2. Pre-coder selection feedback: tied to rank selection, fast frequency-selective feedback.
3. CQI feedback:  1 base CQI and 1 delta CQI (per codeword or across layers).
2. Rank Selection Feedback
It is demonstrated in [1] that the throughput loss of assigning a common rank across resource blocks (RBs) is small (up to a total of 5 MHz bandwidth). Hence, a single  rank selection feedback per UE (at least within 5 MHz bandwidth) is preferred to minimize overhead. This implies that the same rank is used across RBs for each UE. 
Since the preferred rank changes at the same rate as the pre-coder matrix, fast rank adaptation is necessary to ensure competitive performance of the overall MIMO transmission. In this case, “fast” simply means that the feedback is performed at the same or comparable rate as the CQI feedback.
3. Pre-coder Selection Feedback
We recommend that the pre-coder selection feedback have the following characteristics:
· In RAN1#47, preferred matrix index (PMI) feedback was agreed for the codebook-based pre-coding. Since the codebook is not common across different transmission ranks (although there might be some structural commonality), PMI feedback is tied to the rank selection feedback. 
· Since pre-coding adapts to the instantaneous channel, PMI feedback is to be fed back at the same or comparable rate as CQI. The rate should be identical to that for rank selection feedback.  Feeding back the PMI for every resource block (RB) seems to be the most beneficial but will result in excessive feedback overhead. Frequency-domain PMI feedback reduction should be considered, e.g. [2, 3, 4, 5, 6]. Our preference is to feed back PMI every N RBs where N is FFS.
4. CQI Feedback
Figure 1 depicts the generic MIMO structure. As pointed out in [7], for spatial multiplexing the codeword-to-layer mapping can be fixed and hence does not require fast feedback. Hence, it seems natural to define the CQI per codeword. That is:
· For rank 1, only 1 CQI is needed.

· For rank ≥2, two CQIs are needed, each associated with 1 codeword. The two CQIs can be:

· Two full CQIs corresponding to the two CWs: 
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· One full (base) CQI and one delta CQI: 
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 can be defined either as the CQI of the first codeword or the maximum CQI of the 2 codewords. Then, 
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 and the CQI of the other CW. Note that the second alternative requires an additional feedback indicating the CW corresponding to the maximum CQI.
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· The CQIs are computed from the channel, noise variance, and/or interference estimates. Once computed, the CQIs are quantized. Due to the inherent correlation between 
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· In frequency selective channels with OFDMA, the CQI can be computed per group of tones. For overhead saving, some type of CQI feedback reduction scheme can be used such as the DCT-based compression [8] or the best-M method [9].
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Figure 1. Generic MIMO block diagram

Alternatively, it is also possible to define the CQI across layers with 2 CQI feedbacks (1 base CQI and 1 delta CQI) and layer ordering as proposed in [10]. With this method, it is possible for the Node B to reconstruct all the layer CQIs from the base CQI, the delta CQI, and the layer ordering using an affine linear model. Denoting 
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as the n-th largest layer CQI, the base and delta CQIs for rank-3 transmission can be computed as:
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For rank-4 transmission: 
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From the layer CQIs, the Node B can compute the codeword CQIs. The main advantage of this scheme is to allow full flexibility for the Node B to perform dynamic (SU- and MU-MIMO) switching [11]. However, this comes at the expense of some approximation error and the necessity to feedback the layer ordering (which could be viewed as a size-24 codebook).  While the approximation error could be small, the scheme necessitates the use of ordering codebook which may be sub-optimal. Similarly, the same frequency-domain feedback reduction technique can be employed for the layer CQIs.

Since both schemes have some technical merits, further comparison is needed. 
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