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Performance Aspects of UL MU-MIMO
1 Introduction

The concept of UL MU-MIMO and its link level performance were presented in [1] and [2], respectively, and have been extensively discussed in GERAN #59. This document attempts to further extend the discussions relating to the performance aspects of the technique.

2 Link level performance
In [2] the link level performance of a single UL MU-MIMO stream was shown by comparing it with the link level performance of the non-MIMO case (in receive diversity mode). This is not a straightforward way of showing the gains of MIMO, though, and has caused some confusions regarding whether there are gains or not with the technique at link level.

Figure 1 shows the throughput performance of dual-stream transmission and compares it with that of non-MIMO transmission (mixed modulation is not taken into account). It can be seen that there are positive gains for both GMSK+GMSK and 8-PSK+8-PSK modulation combinations over typical CIR values.
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Figure 1.  Throughput performance of uplink MU-MIMO (2x2) and uplink receive diversity (1x2), VUTS-1, TU50noFH, ideal LA
3 Impacts to PDCH capacity due to continuous TA updates
It was commented in GERAN #59 that when the continuous TA update procedure is taken into account, the max number of TBFs (uplink + downlink) that can be multiplexed on the same PDCH cannot exceed 16; if more TBFs are allowed to be multiplexed on that PDCH, a number of radio block periods will have to be allocated specifically for TA updates, and will cause significant capacity loss, on both the uplink and the downlink.
The above comment is correct in that there is a limitation to the number of active TBFs simultaneously supported on one PDCH. However, increasing the number of supported users on one PDCH does not necessarily mean that the users shall be simultaneously multiplexed on the same PDCH. This is illustrated in Figure 1, where it is assumed that each TBF has 2 radio blocks of data to send, and the number of active TBFs simultaneously supported on one PDCH is not greater than 3. For the sake of simplicity, details like TBF establishment and release, selection of MCSs and performance at link level are not taken into account, but the general conclusion should hold in live networks.
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Figure 1.  Comparison of UL MU-MIMO with the non-MIMO case, keeping the max number of active UL TBFs untouched
It can be seen that without UL MU-MIMO, 6 TBFs can be served within 12 radio block periods, scheduled in a round-robin manner. On the other hand, with UL MU-MIMO, 11 TBFs can be completed within the same period of time. And it can also be observed that the active time of each TBF is shortened in the UL MU-MIMO case, which can be translated into higher average throughput perceived by each user.
Since the number of active TBFs simultaneously allocated on the PDCH is not changed, there is no impact to the continuous TA update procedure (i.e. no more TAI is needed comparing to the non-MIMO case, and no radio block period needs to be reserved for TA updates). And the reason is simple: even in the non-MIMO case, since only one radio block can be transmitted per radio block period, allowing too many active UL TBFs does not make sense, because they will in any way have to share the PDCH in a time-division manner; the gain of UL MU-MIMO comes from pairing the data from two users which are both ready to be transmitted at a given time, not from allowing 2x active UL TBFs.
4 Conclusions
This document provides analysis of some performance aspects of UL MU-MIMO raised in GERAN #59, specifically whether there are positive link level gains and whether there are any impacts to PDCH capacity due to continuous TA updates.
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