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1. Introduction
Multi-user MIMO (MU-MIMO) is one way to increase system capacity when many users with small data demand are connected to the same cell. In MU-MIMO mode single stream or rank one transmission is performed to several users sharing the same physical resource. Hence, MU-MIMO will also be applicable to UEs supporting demodulation of a single layer.

In principle there are two ways of performing MU-MIMO. Either the same codebook is used in the UE and the network node, or different codebooks can be used. In the latter case, the codebook used in the UE is normally of (much) smaller size. 

In addition to different codebooks, there is also two fundamental array geometries that can be used. If the antenna array consists of closely spaced elements (in the order of (/2) it results in a correlated array. MU-MIMO in this context is often referred to SDMA (Spatial Division Multiple Access). In this case “beams” are formed which is used to achieve antenna gain as well as user separation. Alternatively, an uncorrelated array can be used. Here, the codebook vectors are used to instantaneous achieve coherent addition of the signals at the receiver. For a frequency selective channel, different precoder vectors are needed for different frequencies. The preferred granularity in frequency domain depends on e.g. the time dispersion of the channel and signaling overhead. 

2. MU-MIMO operation

Since the main goal of MU-MIMO is to provide very high system capacity rather than high bit-rates, it is desirable to keep the overhead, both UL and DL, as low as possible. If the offered system load is high, every additional signaling bit will steal capacity from the data channel, which will counteract the purpose of MU-MIMO. This points in the direction that small codebooks and coarse granularity of precoding and CQI data is wishful. To reduce the signaling overhead, correlated antenna structures are beneficial. It should be noted that not only scheduled users need to provide precoding and CQI feedback but all active users need to provide this information on a relatively fine time scale. This to make it possible for the network scheduler to pair users that, not only have data in the Tx buffer, but also can be transmitted using compatible precoding vectors.

In addition to using correlated arrays, it has also been proposed to use a more complex structure where the transmitter forms beams towards the users of interest and at the same time tries to minimize the interference towards the other scheduled users. This is sometimes referred to as zero-forcing (ZF) or MMSE beamforming [1, 2]. 

For a correlated array using common pilots, the UE will feed back the preferred precoding vector/matrix, the scheduler will then pair users preferring different vectors in the same matrix. The scheduled precoder vector is either signaled or can be estimated by the UE using inbound reference symbol(s). Note that the UE do not need any information about other scheduled users in this case. 

For a more advanced scheme like e.g. ZF beamforming, the UE will feed back a quantized version of the effective channel using some codebook. The eNodeB will then calculate a set of beamforming weights which will try to maximize the gain towards the user of interest and at the same time forming a zero (or a minimum in the “beampattern”) towards other simultaneously scheduled users. Since the weight vector, in general, is not part of the code book used to quantize the channel, this vector has to be signaled to the UE. Note that in this case the UE needs not only the vector used for its own signal, but also those vectors used for other simultaneously scheduled users in order to efficiently perform intra-cell interference suppression. This will however lead to a massive signaling overhead.

In the case of a highly correlated antenna setup, the precoding matrix/vector can be the same over the whole bandwidth or at least over several MHz. Also, since only large scale variations in the fading needs to be tracked, the update in time domain can be coarse as well. This means that more efficient pairing can be done by the scheduler. 

All in all, this indicates that efficient support for MU-MIMO can be obtained in the scenarios where a correlated array is used. In [3] it is shown that a 3-bit codebook suffices for the case of highly correlated antennas. 

To support efficient MU-MIMO operation at uncorrelated antenna configurations would require much larger overhead than the corresponding high correlation case. For efficient user separation, the precoder matrix can only span a few resource blocks corresponding to the coherence bandwidth of the channel (possibly less than 5RB). This makes pairing of users much more difficult. The base station scheduler not only needs to take the size of Tx buffers into account but also precoder vectors/matrices. This will lead to a much more complex scheduling operation than if a correlated array is used. 

If a DFT-based codebook is chosen, the same codebook can be used for both correlated and uncorrelated arrays. The main difference between the two “modes” would then be the signaling. 

3. Conclusions

In this contribution we have discussed possible operation scenarios where MU-MIMO seems applicable and is expected to provide decent gains. In order to benefit from MU-MIMO it is expected that the overhead signaling need to be kept at a minimum. We therefore propose to define a MU-MIMO scheme based on coarse precoding granularity with small codebooks. The granularity should be kept coarse both in time and frequency domain. One scenario that is believed beneficial is the use of highly correlated antennas at the network node. As was noted in [4] fast adaptation of e.g. precoding weights may lead to inferior system performance due to link adaptation mismatch. It is therefore proposed that MU-MIMO support should be optimized for a correlated array (SDMA) but that appropriate signaling for uncorrelated arrays can be defined by straightforward extension of the signaling defined for SDMA.

Even though orthogonal beam selection (e.g. unitary codebook) seem to give the best performance in an ideal network [3] we can see some benefits of allowing for non-unitary precoding in case of MU-MIMO. The main benefit would be that fewer restrictions are put on the scheduler and that users with different Tx buffers sizes and priorities can more easily be paired.

4. Way forward

The above can be summarized into the following:

· Decide on a MU-MIMO scheme with a small codebook and associated signaling optimized for coarse frequency granularity 

· To ensure that the signaling efficiently supports non-unitary precoding

· Adopt a DFT-based rank one codebook of size 8 (3 bits).
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