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1 Introduction
UL MU-MIMO provides significant spectral efficiency improvement by creating multiple spatial “layers”, especially when eNB is equipped with four receive antennas. However, to fully exploit the potential of UL MU-MIMO, there are several issues still need to be clarified, which include
1. PHICH assignment [1,2];
2. Maintaining UL DM RS orthogonality [3-5];

3. UL UE pairing (which is partly related to maintaining UL DM RS orthogonality).

In UE pairing, it is often assumed that UL MU-MIMO is for low mobility UEs. For example, it is stated in [5] that “it should be noted that UE pairing in MU-MIMO transmission in practice requires channel information that is still valid at the time of transmission. Thus the MU-MIMO transmission is limited to cases with relatively low Doppler frequency.” This is true for maintaining spatial orthogonality between two UEs in the assigned resource channel, but excluding high mobility UEs from UL MU-MIMO may require a second look when channel statistics is still favorable. In this contribution, we discuss some scheduling considerations for high mobility UL MU-MIMO, assuming that UL DM RS orthogonality has been taken care of.
2 UL MU-MIMO scheduling for high mobility
By high mobility UEs, we mean one or both of the UEs participating in UL MU-MIMO transmission have high Doppler, and hence we cannot rely on the current channel state information to measure the orthogonality between them. Therefore, orthoganitly between two UEs is more based on statistical metric in nature.

2.1 Statistically based pairing
Although we can rely on “channel information that is still valid at the time of transmission”, there is a certain hurdle in keeping that CSI current. Since UEs do not sound at the same time, and PHY layer does not have memory of the UE channels, the actual pairing is to be carried in the MAC layer. Otherwise, the possibility of pairing would be limited to the UEs who are doing the sounding in the same slot, which would greatly limit pairing possibility.
Even with that memory, the CSI information may still not be current, unless channel does not change. In addition, for two UEs occupying several RBs, it would be difficult to have the two UEs have orthogonal channel over the whole assigned resource band. From this point of view, the wider the resource bandwidth is, the closer the scheduling is based on statistical properties of the two UEs.
2.2 Relevalent statistics

Two statistica values are of particular importance: one is the orthogonality between the two UEs, and another is the average SINR of the two UEs.
From SNR point of view, we would like to schedule high SNR (i.e. power-limited) UEs, for two reasons:
· Low SNR (and low power headroom) means a UE is near cell edge. Pairing a cell edge UE with another UE will not only drain the battery of the UE, but will generate a great deal of inter-cell interference as well. In addition, it does not help improve system throughput, because
· Spatial multiplexing is only beneficial for power-limited UEs. This can be seen from Figure 1, which is taken from the whole channel band, and assumes SFBC for the single layer transmission. As Figure 1 shows, the higher the SNR is, the larger the probability of SM is (i.e. pairing).
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Figure 1 SNR effect in rank adaptation
From orthogonality point of view, we used a simplified way to estimate the condition of the combined UL MU-MIMO channel. The criterion we used is
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which is averaged over the whole band. The results are shown in Figure 2 (( is indicated as CLI in the figure). As can be seen from the figure, which is obvious, that the evener is the eigen-distribution, the higher is the throughput of multi-layer transmission.
By combining Figure 1 and Figure 2, it can be seen that for a given value of (, whether to pair two UEs is a function of SNR (see Figure 1). In addition, ( is a function of the environment, including the richness of scattering and the correlation of the receive antennas (at eNB). Since ( is a function of the environment, it does not need to be computed from two UEs that the eNB is considering of pairing, but can be collected from other UEs doing the sounding in the previous slots.
Based on the above discussion and consideration, UL MU-MIMO pairing can be a function of ( and SINR. For a given (, only UEs of SINR larger than a certain threshold (which is a function of ( - see Figure 1) can be paired. Obviously, the larger ( is, the smaller is that  corresponding SINR threshold.
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Figure 2 The impact of channel eigenvalue distribution

3 Summary
Channel statistics based UE pairing is a simple and practical approach for UL MU-MIMO. This is because

· To expoloit larger UE pools, UE pairing is usually carried out in MAC layer, this means some channel information has already aged.
· It is difficult to find orthogonal UEs over the whole assigned resource band.

· It is simple to implement.

· It is applicable to high mobility UEs as well.

The two most important channel statistics an eNB needs to know is the average UL MU-MIMO channel condition, which is a function of the richness of the scattering and the correlation of the receive antennas at eNB. When this information is known, pairing is simply based on UE SINR. For UE’s SINR passing a certain threshold, which is a function of (, they can participate in MU-MIMO transmission.
This approach is applicable to UEs of high Doppler as well.
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