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1 Introduction

Currently there are some various proposals for MU-MIMO under discussion in RAN1 [1-4]. To speed up the decision process, it is useful to discuss and decide upon what details of MU-MIMO are needed to be standardized and what parts can be left open for vendor specific implementation. It is identified in this contribution that the decision of a standardized or an open implementation of the MU-MIMO precoding matrices have large impact on other details such as CQI estimation and precoding matrix verification and we thus suggest that RAN1 makes a decision on this matter as soon as possible.
2 MU-MIMO details 
2.1 Precoding matrix generation

Based on feedback from the UE’s in form of an index to a vector in the codebook and the CQI, the NodeB scheduler decides which users should be MU-MIMO scheduled and assembles a precoding matrix accordingly. This can be done either in a standardized manner or left open for vendors to implement the precoding matrix generation themselves. Candidates for standardized MU-MIMO precoding matrix generation are
· Unitary precoding (UP) [1]
· Zero Forcing precoding (ZFP) [2]
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[3] or regularized ZFP [2].
A non-standardized precoding opens up the possibility for further refinement and optimization of the precoding. It is also possible to MU-MIMO schedule UEs using different codebooks [4]. It also implies that dedicated RS must be used since the precoding matrix is completely arbitrarily. Although the NodeB is free to generate the precoding matrices it must be ensured that the precoding matrix does not introduce too large channel variations over frequency compared to the dedicated RS density. Furthermore, the UE’s must assume some level of interference from co-scheduled users precoding vectors when estimating the CQI. 

A standardized precoding matrix generation method imply that the number of possible precoding matrices is finite (since the codebook is finite and the same codebook is used by all UEs) and thus makes it possible to use beacon RS [5]
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[6] for precoding matrix verification using hypothesis testing. This is simpler for UP than ZFP since the precoding vector for a certain UE is not dependent on which precoding vector is used for other co-scheduled UEs in the UP scheme which is not the case for the ZFP scheme.   
2.2 CQI Estimation

If precoding matrix generation is not standardized, the CQI estimation need to assume some plausible interfering precoding vector(s). 
If precoding matrix generation is standardized, the possible interfering precoding vectors are known. When UP is used, it can even in some cases be only one possible interfering precoding vector (for 2 TX antenna NodeB’s) and thus the CQI estimate is accurate, at least when it comes to intra-cell interference estimation [1]. So when a standardized precoding matrix generation is used, some principles for CQI estimation can be given such as “the UE shall consider the MU-MIMO interference when estimating the CQI by using a restricted subset of all possible interfering precoding vectors”. 

2.3 Precoding vector/matrix verification
If precoding matrix generation is not standardized, the used precoding vector for a certain UE is completely arbitrary and dedicated RS must be used for demodulation. Two bits in the downlink control signalling (which is transmitted using antenna specific common DL RS) are used to inform the UE which of the maximum four possible dedicated RS shall be used for demodulation. If the UE has multiple receive antennas and want to use MMSE receive filtering for suppression of co-scheduled transmission using interfering precoding vectors [2], it must also know which dedicated RSs are used for all the interfering transmissions (precoding matrix verification). 
If precoding matrix generation is standardized, the used precoding matrix may be signalled in the downlink control channel. In the UP case, it is sufficient to signal only the used precoding vector (the codebook index of the k:th column vector) if not MMSE suppression shall be possible. In the ZFP cases, either a “NodeB codebook” of all possible precoding matrices is used
 and an index to this codebook is signalled on the DL or the reported “UE codebook” indices on the uplink are for the scheduled users signalled again on the downlink (all scheduled UEs needs to know all UEs reported codebook indices to re-generate the used precoding matrix). 
Precoding matrix/vector verification can also be made using beacon RS [5]
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[6] and demodulation can then be done using the common RS. Beacon RS are preferably used with standardized precoding to have a finite number of hypotheses in the verification stage.

2.4 Codebook
For ZFP and non-standardized precoding, a channel vector quantization (CVQ) codebook must be used since the UE’s reports the effective channel vector (directly quantized estimated channel or after receive filtering in the case of multiple receive antenna UEs) [3]. The performance of CVQ based schemes improves with a larger codebook up to a certain limit where the feedback delay and frequency granularity limits the achievable gain. 
For UP, the codebook is generally smaller than the CVQ case and a DFT matrix codebook can be used [1]. The reason is that UP suffers from large codebooks due to the reduced probability to find UE’s reporting orthogonal precoding vectors. 
It must also be standardized if the codebook index feedback is a CVQ feedback or a precoding vector feedback. Usually they differ only by a conjugate operation. 

2.5 Feedback granularity
The required feedback granularity will depend on how the size of the codebook matches the channel variations. 

One topic to discuss in this context is how MU-MIMO will be used. One option is to use MU-MIMO in a conventional SDMA mode, in channels with low angular spread and closely spaced antennas are used ((/2), where the precoding effectively is a beamformer with nulling (ZFP). In these scenarios a single precoding vector index for the whole bandwidth may be sufficient [7]. 
3 Conclusion  
Some parts of the MU-MIMO schemes are common and should be agreeable:
· One CQI and one PVI
 per UE per time-frequency unit.
· PVI feedback from the codebook of vectors (or matrices + preferred vector) should indicate the equivalent MISO channel the Node B sees to the UE 
At least the items below needs to be further discussed  and decided upon

· Precoding matrix generation  - should it be standardized or non-standardized (i.e. open to vendor implementation) ? 
· CQI estimation – completely open or “guidelines”? 
· Precoding vector verification – dedicated RS, use of beacon pilots ([5]
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[6]) or downlink control signaling? 
· Precoding matrix verification – should it be possible to verify the whole precoding matrix plus its rank so that LMMSE MU-MIMO interference suppression can be used?
· Codebook construction and size   
· Feedback granularity in frequency and time – depends on the use case for MU-MIMO. If we want to optimize MU-MIMO for low angular spread, closely spaced antennas, a lot of feedback overhead can be saved.
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� For example, an 8-element vector codebook can generate 8*7=56 different ZF precoding matrices for 2 TX NodeB and 8*7*6*5=1680 different ZF precoding matrices for 4 TX NodeB. 


� Precoding Vector Index





