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1 Introduction

In a Multi-User MIMO (MU-MIMO) spatial multiplexing scheme, multiple UE’s are scheduled in the same resource block (RB). In Single User MIMO, only a single user is scheduled on all MIMO layers within an RB. In contributions such as [4] and [5], it was shown that MU-MIMO can get significant gain over SU-MIMO especially when there are enough users with simultaneously active data. On the other hand, due to the wide fluctuation of realistic traffic patterns, it could be often that only a single or few users have active data that needs to be sent. In this case, SU-MIMO would be better to increases the peak data rate of that user. To maintain full flexibility at the Node B scheduler, the Node B should be able to dynamically switch between single-user and multi-user MIMO.  
Contribution [6] investigated the upper bound of the 2x2 MIMO performance when allowing the dynamic switching between SU-and MU-MIMO and proposed one unified SU/MU MIMO scheme to reach this bound.  Contribution [7] by Qualcomm proposed another unified SU/MU MIMO approach based on its single user MIMO solution: Selective Virtual Antenna Perturbation (SVAP). In this contribution, we compare the performance of the two dynamic mode switching schemes. Moreover, in the previous contributions for dynamic switching of SU/MU MIMO, SIC receiver is considered for SU mode and MMSE receiver for MU mode. In this contribution, we also investigate the performance of the dynamic mode switching schemes with MMSE receivers for both SU and MU modes.
2 Overview of Unified SU/MU-MIMO Approaches for 2x2 MIMO

In contribution [6] [7] [8] [9], 3 unified SU/MU MIMO schemes were given.  We will shortly summarize the features of proposed 3 schemes in this chapter.

2.1 Unified SU/MU-MIMO Approach with 1 CQI feedback

In [8], the dynamic switching of SU/MU MIMO with only 1 CQI feedback was proposed.  In this scheme, Each UE reports only a single maximum CQI and the corresponding antenna index to the Node B, where the maximum CQI is selected (assuming a linear receiver and other-user interferences) out of the candidate CQI values corresponding to each transmit antennas. Based on the UEs’ feedbacks, the Node B tries to schedule 2 UEs together for downlink transmission to maximize the throughput. However, when the node B fails to pair 2 UEs together, it schedules a user in a single-user MIMO mode. In this case, the Node B uses the best stream CQI reported by the UE to select modulation and coding schemes for all the MIMO streams.  As this CQI only applies to one stream, Hybrid ARQ operation is used for recovery of the CQI mismatch of the remaining streams. According to the numerical simulation result [9], for SIC receiver,when the Number of UE’s in a sector is high, the throughput of unified SU/MU MIMO scheme outperforms SU MIMO (PARC) scheme by around 10%. However, when the number of UE’s in a sector is low (only one UE, e.g.), the throughput is degraded around 10% compared to PARC. Compared with SIC receiver, this kind of CQI mismatch in MMSE receiver is even bigger since the CQIs of the remaining streams are definitely worse than the best stream. In this contribution, we investigated the performance of this case by link level simulation.

2.2 Unified SU/MU-MIMO Approach with 2 CQI feedback

2.2.1  PARC based SU MIMO

In [6], the procedure assumed for dynamic switching is summarized as follows:

1) Every UE reports {CQImax, Layer_indexmax, Precoder_index, CQIordered_SIC} to NodeB. CQImax deontes the maximum CQI value (with LMMSE receiver) among all the layers (streams). Layer_indexmax represents the index of layer (stream) with maximum CQI value which should be firstly decoded in SIC receiver. Precoder_index represents the “best” precoding matrix in codebook, which results in the maximum single user throughput. CQIordered_SIC represents the CQI of the remaining layer after SIC operation. 

2) NodeB collects reports from all UEs. {CQImax, Layer_indexmax, Precoder_index} is used for one-CQI multi-user scheduling. Node B decides SU- or MU-MIMO by comparing the achievable throughput that it expects for each mode at each scheduling instance.  
This unified SU/MU-MIMO approach assumes PARC to be the SU MIMO mode.

 It should be noted that if only an MMSE receiver is considered, the CQIs for SU-MIMO and MU-MIMO are the same. In this case, for dynamic mode switch, SU mode is automatically included in the MU mode.  By using the dynamic switching, the Node B has more freedom in scheduling.  In this case, MU-MIMO is always better than SU-MIMO, and the performance of SU-MIMO is the lower bound for the Node B scheduler.
2.2.2 SVAP based SU MIMO
In [7], QUALCOMM proposed the unified SU/MU MIMO scheme based on SVAP. It could be summarized like:

1) Each UE reports {selected virtual antenna subset, base layer CQI which averages the SINR over the selected virtual antennas using the capacity metric, delta CQI which reflects the average SIC gain between layers} always assuming the SU-MIMO operation. 

However, if the UE prefers only one virtual antenna, the above “delta CQI” is useless in the SU-MIMO mode as there is only one layer. Thus, if the UE prefers only one virtual antenna, the above “delta CQI” is replaced by the “offset in dB” between the above “base layer CQI (i.e., the SINR of the best virtual antenna calculated under the assumption that there is no inter-stream interference and the entire transmit power is allocated to the selected virtual antenna) – 10log10[number of transmit streams typically assumed in MU-MIMO mode])” and the “MU-MIMO CQI (i.e., the SINR of the best virtual antenna calculated under the assumption that the transmit power is evenly distributed to the number of transmit streams typically assumed in the MU-MIMO mode and thus there are inter-stream interferences)” Note that the offset is always a non-negative value in dB. The typical number of transmit streams assumed in the MU-MIMO mode is usually the maximum number of transmit streams.   
2) Node-B may dynamically schedule users in either SU-MIMO mode or MU-MIMO mode depending on the buffer status, population in the cell, and the other relevant factors.

3 Simulation Assumptions 
The detailed link simulation parameters and assumptions are given in Table 1 and Table 2 respectively. 
Table 1 OFDMA parameters

	Parameter
	Assumption

	Bandwidth
	5 MHz

	Carrier frequency
	2.19 GHz

	OFDM sub-carriers
	301

	Carrier spacing
	15 kHz

	OFDM symbol duration
	1/14ms

	TTI duration
	14 OFDM symbols (1 ms)

	Number of RBs
	25 (0.18 MHz per RBs)

	MCS Levels
	QPSK (R = 1/3,2/5,1/2,3/5,2/3, 3/4,4/5)

16QAM (R = 1/2,3/5,2/3,3/4, 4/5)

64QAM (R = 3/5,2/3,3/4,4/5)


Table 2 Simulation assumptions

	Parameter
	Assumption

	Channel model
	Typical urban

	Scheduling
	Max C/I and Proportional fair

	Target BLER on first transmit
	10%

	Antenna configuration
	2 x 2

	Spatial correlation
	0.5

	Traffic model
	Full buffer traffic

	MIMO detector
	MMSE-SIC (Fig.1)

MMSE (Fig.2&3)

	UE speed
	10 km/h (Fig.1)
3 km/h (Fig.2&3)

	Feedback delay
	3 TTI

	Geometry
	10dB

	HARQ
	Chase combining (Max. ReTx: 6)


4 Numerical Results

In Fig.1, we show the throughput comparison among PARC with 2CQI feedback (SIC receiver), SVAP with 2CQI feedback (SIC receiver), “MU-MIMO only” with one CQI feedback (LMMSE), dynamic switching based on PARC, and the dynamic switching based on SVAP. We would expect that SVAP with 1.5CQI’s will perform slightly worse. The dynamic switching based on PARC scheme achieves the higher throughout between PARC and “MU-MIMO only”. It is also observed that the dynamic switching scheme further improves the throughput over PARC or “MU-MIMO only” in the range of 3 to 7 UEs. This is because the Node B can decide dynamically either SU- or MU-MIMO depending on the situation.  The dynamic switching scheme based on SVAP shows inferior performance as dynamic switching scheme based on PARC. The dynamic switching scheme based on SVAP also greatly hurts MU-MIMO performance. We can see that dynamic switching has a much greater advantage in the case where no antenna permutation is used compared to the case where antenna permutation is used.
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Fig.1 Performance of Dynamic Switched SU/MU MIMO mode schemes for SIC receiver at 10km/h
In Fig.2, we show the throughput comparison between MU-MIMO and SU-MIMO with 2CQI feedback (MMSE receiver).  We can see that with an MMSE receiver, MU-MIMO has much better performance compared to the SU-MIMO because of the scheduling gain as mentioned before. In fact, SU-MIMO is always worse than MU-MIMO when there are 2 or more active users in the cell. 
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Fig.2 Performance of SU-MIMO and MU-MIMO for MMSE receiver with 2 CQI feedback at 3km/h
In Fig.3, we show the throughput of dynamic SU/MU MIMO mode switch with 1CQI feedback (MMSE receiver) when the Geometry is 10dB.  The performance of SU-MIMO with 2 CQI feedback is also shown for comparison. We can see that: 
1) With only 1 CQI feedback, SU-MIMO is better than MU-MIMO when the number of users are very low (2 UE case).

2) The dynamic mode switch still has gain compared with MU-MIMO. This is because for 1CQI feedback, SU-MIMO is in fallback mode, which can fully use the spatial resource when MU mode fails to pair 2 UEs together.  

3) The dynamic mode switch with 1 CQI feedback is better than the SU-MIMO with 2 CQI feedback since it always achieves the best performance of both SU and MU-MIMO.
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Fig.3 Performance of dynamic SU/MU MIMO switch for MMSE receiver with 1 CQI feedback at 3km/h
5 Conclusion
This contribution compares dynamic SU/MU MIMO mode switching approaches based on PARC and SVAP for 2x2 MIMO with both LMMSE and MMSE-SIC receivers. Numerical simulation reveals that the throughput of dynamic switching scheme based on PARC is always superior to a static switched SU-MIMO or MU-MIMO mode since it dynamically achieves the maximum of the two modes. 
Based on the simulation results, we propose to adopt the dynamic switching between SU-MIMO and MU-MIMO based on Node B decision and adopt dynamic switching approach based on PARC.
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