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Background
The multi-antenna domain is one of the enablers for increasing spectral efficiency of a new radio interface. Massively many antenna elements at the eNodeB allows for beamforming gain and increased SINR. Users that already operate at high SINRs may instead benefit from spatial multiplexing, either by increasing transmission rank, for SU-MIMO, or by co-scheduling multiple users in parallel, for MU-MIMO. 

The number of RX antennas on the UE side typically limits the potential of SU-MIMO multiplexing. For this reason MU-MIMO is often considered the key enabler for massive MIMO. On the other hand MU-MIMO relies on the existence of spatially separable UEs and often requires accurate CSI on the eNodeB side to allow for intra-cell null-forming.

In this contribution we investigate the performance of SU-MIMO versus MU-MIMO in a classical 3GPP UMi scenario given a typical NR setting with TDD, 64 eNodeB antenna elements, and a non-full buffer traffic model (FTP1). We compare the performance of ideal CSI versus SRS sounding impairments.
Simulation results
The system simulation parameters are given in Table 1. The 3GPP 3D UMi channel model with 200 m inter-site distance is a dense deployment and UEs are typically interference limited.  The traffic model, FTP1 with 500kB packets, has the principle that each user in the system arrives once, downloads a packet, and then leaves. A cell-edge user will take longer time to finish, consume more resources and result in more interference towards other users in the system. Improving the cell-edge performance is therefore often a good strategy in order to increase the system capacity.

Table 1 Simulation parameters
	Channel model
	3GPP 3D UMi

	Traffic model
	3GPP FTP model 1 (500 kB packets)

	MIMO channel dimensions
	64 x 2

	Duplex
	TDD

	SRS reuse factors,
	1/1, 1/3, 1/9

	No of code multiplexed UEs, N
	4

	SRS load
	Fixed, 4 sounding UEs/cell

	Precoder
	MMSE

	CQI reporting periodicity 
	5 ms

	CQI & SRS report delay
	5 ms

	SRS periodicity
	5 ms

	Bandwidth
	10 MHz

	UE Tx power
	23 dBm

	Carrier frequency
	2 GHz



Although MU-MIMO is a technique for efficient use of radio resources through co-scheduling, it is mainly beneficial to do so for users that are well off and that experience favourable radio conditions. The cell-edge users often experience low SINR for which SU-MIMO beamforming can provide good gains. Given that the cell-edge performance plays a dominating role in the FTP1 traffic model, it is therefore not obvious that MU-MIMO can provide large capacity gains over SU-MIMO.

Figure 1 shows the performance of MU-MIMO versus SU-MIMO for both ideal CSI and non-ideal CSI (assuming SRS sounding). We conclude that MU-MIMO does provide capacity gains but SU-MIMO remains competitive in comparison. 
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Figure 1	Simulation results, UMi 8x4, SRS reuse 1/1
We thus make the following observations:
Observation 1	For antenna arrays with a massive number of antenna elements and with non-full buffer traffic , we note that SU-MIMO provides performance close to MU-MIMO, and may be useful especially on the cell-edge, and as a robust technique given sounding estimation errors.

SRS impairments have a dramatic impact on the system performance. The fact that SU-MIMO does not rely on null-forming makes it less sensitive towards imperfect CSI. In either case for MU-MIMO or SU-MIMO, it is clear that there is a great potential for improving the SRS sounding. 
Observation 2	SU-MIMO is  especially useful on the cell-edge, and is a robust transmission technique given sounding estimation errors.

Observation 3	Reciprocity based MIMO is sensitive to channel estimation errors.  Poor channel estimates for cell-edge users have a severe impact on non-full buffer capacity.

One technique for improving SRS could be to configure an inter-cell comb reuse as illustrated in Figure 2. With comb reuse the sounding signals would experience reduced inter-cell interference as a direct consequence of the reuse. The drawback is that for each comb the SRS is transmitted on fewer subcarriers, resulting in reduced processing gain. This can be partly compensated for with an increased power spectral density for power limited UEs.
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Figure 2	SRS comb reuse 1/3
Figure 3 shows the MU-MIMO performance for different comb reuse settings, 1, 1/3, and 1/9. It is clear that some degree of comb reuse can be beneficial to mitigate the impact of SRS sounding impairments.
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Figure 3	Simulation results for MU-MIMO UMi, 8x4 with SRS reuse factors 1/1, 1/3, and 1/9.

Observation 4	Employing SRS comb reuse is one technique to improve channel estimation cell-edge SINR and leads to significant gains in non-full buffer capacity.


Proposals
We conclude with the following proposals:

Proposal 1	In RAN1 development of NR, the design of transmission schemes and CSI acquisition methods should reflect on SU-MIMO performance, as it is good on its own and a robust alternative to MU-MIMO
Proposal 2	RAN1 should begin studying the design of sounding reference signals for NR reciprocity based multi-antenna applications. The SRS needs to be carefully evaluated in various configurations and scenarios.
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