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1. Introduction 

MU-MIMO downlink dual-layer beamforming serves two UEs in the same time-frequency resource [1-7]. MU-MIMO can be implemented in a transparent manner, which means that no explicit signaling is provided to distinguish between single-user and multi-user transmission, thereby avoiding impact on current specifications. For transparent MU-MIMO, since UE is unaware of the underlying MU-MIMO transmission, interference should be suppressed at BS to achieve acceptable receiver performance at UE. In [7], zero-forcing beamforming based on block diagonalization [8] was used for interference pre-cancellation at BS, but there was still some residual interference at UE due to limited beamforming granularity and imperfect CSI at BS. Furthermore, it was shown that channel conditions of the two co-scheduled users have a strong impact on the performance of transparent MU-MIMO. 
In this contribution, we provide some link-level simulation results to investigate the impact of user pairing on the performance of TDD transparent MU-MIMO. In a TDD system, the BS can exploit channel reciprocity to obtain the downlink CSI of the users, so it can estimate the SINR for each pairing choice and select the best one. This user pairing process can exploit multi-user diversity to improve performance.
2. Transparent MU-MIMO with ZF beamforming

A TDD system with uplink-downlink channel reciprocity is considered, but there may be a delay between the channel information at the eNB and the actual downlink channel. The eNB has M antennas and each UE has N antennas with
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. Assuming rank-1 transmission per user, the transmitted signal is expressed as
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where
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is the data symbol for UE k with
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. The beamforming vectors are normalized so that 
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. The received signal at UE k is given by
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where
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is the 
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channel matrix from the eNB to UE k, and
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is the additive noise vector. 
Interference pre-cancellation is performed at the eNB to minimize inter-user interference received by each UE. Here, we consider zero-forcing (ZF) beamforming which eliminates interference at the eNB if it has accurate channel information of the two UEs. Under the ZF constraint, we have
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Consider the design of
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for example;
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can be designed in a similar manner. The design procedure is summarized as follows [8].

Step 1: Compute the SVD of
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Step 2: Compute
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 and its SVD
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Step 3: Compute the expression for
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The idea behind the above procedure is to maximize the beamforming gain for each UE under the ZF constraint.

Regarding reference signal (RS) design, we consider a non-orthogonal scheme in which both UEs use the R5 port [9]. The RS sent on R5 port is formed in the same way as data signal except that data symbols are replaced by pilot symbols, and thus can be expressed as
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where
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is the pilot symbol for UE k.

3. User pairing
In practice, downlink channel information at the eNB is imperfect due to channel estimation error, SRS delay and limited beamforming granularity. As a consequence, ZF beamforming cannot completely eliminate inter-user interference. We model the actual downlink channel as
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where 
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 denotes the channel state information at transmitter (CSIT), and 
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denotes the mismatch between CSIT and the actual downlink channel. In the remainder of this section, we consider UE1 and ignore noise to simplify the analysis. The received signal at UE1 corresponding to RS is given by
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where we have used the ZF design constraint 
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.Thus, the estimate of the effective channel matrix of UE1 is
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(7)
where the second term on the right-hand side represents the effect of non-ideal ZF beamforming on channel estimation. For the transparent MU-MIMO scheme under consideration, UE has no interference suppression capability and employs single-user maximal ratio combining (MRC) receiver. The signal-to-interference ratio (SIR) at the output of the combiner is
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In practice, the residual interference may severely degrade system performance, as shown by the simulation results in [7].The BS can estimate the SIR for each user pairing choice and select one based on some criterion, such as maximizing the minimum SIR. For the user paring scheme used in the following simulations, the minimum SIR over the scheduled bandwidth for each candidate pair of users is calculated and the one with the largest minimum SIR is selected for transmission.
4. Simulation Results 
In this section, link-level simulation results are provided to illustrate the performance of transparent MU-MIMO dual-layer beamforming with user pairing. Figure 1 shows the BLER vs SNR curves for different number of users with simulation parameters given in Appendix. It is seen that the BLER performance is significantly improved with increasing number of users. For example, the BLER at 10dB SNR, which is 0.1 for 2 users, is reduced to about 0.02 for 4 users, and to 0.005 for 6 users. This result demonstrates that user pairing can boost the performance of transparent MU-MIMO.
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Figure 1: BLER vs SNR for different number of users

Figure 2 shows the throughput vs SNR curves for different number of users. The simulation parameters are also given in Appendix except that MCS are not fixed but determined according to the post-combining SNR. Note that users tend to overestimate the SNR since they are not aware of the interference from the other co-scheduled user. To achieve an acceptable BLER, the CQI reported by users must be adjusted by the BS. How to adjust the received CQI at the BS needs further study. Here we take a heuristic approach in the simulation where the SNR calculated by UE is divided by a factor proportional to the transmitted power to determine the MCS level. This approach makes sense for large transmitted power since the SINR converges to a constant as the transmitted power increases. Figure 2 shows that increasing the number of users from 2 to 4 achieves a significant throughput improvement. For example, at 10dB SNR, a factor of about 15% improvement is obtained. In contrast, there is only slight improvement when increasing the number of users from 4 to 6.
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Figure 2: Throughput vs SNR for different number of users

5. Conclusions

In this contribution, we have evaluated the impact of user pairing on the performance of transparent MU-MIMO dual-layer beamforming. BLER and throughput are used as performance metrics in the simulations. The performance results demonstrate strong dependence on user pairing, which implies that its applicability relies on the existence of two users suitable for pairing. Furthermore, the problem of CQI adjusting for transparent MU-MIMO must be addressed for practical operation and needs further study.
6. References

[1] RP-090359, “Work Item Description for ‘Enhanced DL transmission for LTE’ ”, CMCC

[2] R1-091260, “Overview of Dual-layer Beamforming in LTE R9”, Huawei
[3] R1-091434, “Considerations on Dual-layer Beamforming”, ZTE
[4] R1-091719, “Dual-Layer Beamforming: Extension to MU-MIMO”, Philips
[5] R1-091980, “Beamforming based MU-MIMO”, CATT,CMCC
[6] R1-092188, “Performance evaluation of multi-user dual-layer beamforming”, CMCC
[7] R1-092812, “Dual-layer beamforming for TDD MU-MIMO downlink”, Potevio

[8] Q. Spencer, A. L. Swindlehurst, and M. Haardt, “Zero-forcing methods for downlink spatial multiplexing in multiuser MIMO channels,” IEEE Transactions on Signal Processing, vol. 52, no. 2, pp. 462–471, Feb. 2004.
[9] 3GPP 36.211, “Evolved Universal Terrestrial Radio Access (E-UTRA) Physical channels and modulation”, V8.6.0
Appendix: Simulation parameters
	Parameter
	Assumption

	BS antenna configuration
	8 antennas, 0.5 lambda spacing, cross-polarized

	UE antenna configuration
	2 antennas, 0.5 lambda spacing, cross-polarized

	Bandwidth
	10MHz

	Uplink channel estimation
	Ideal

	Downlink channel estimation
	MMSE with linear frequency-domain interpolation, averaged over one subframe

	SRS delay
	10ms

	Channel model
	SCM-UrbanMicro 

	MCS 
	16QAM/Turbo code with rate 0.5

	Receiver 
	MMSE

	User number
	2

	Transmission bandwidth
	6 RB

	Beamforming granularity 
	1RB

	UE mobile speed
	3km/h
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