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1. Introduction

In TR36.913 [1], it is stated that LTE-Advanced should support higher downlink peak and sector throughput than LTE Rel-8. This requirement calls for an investigation of potential enhancements to SU and MU-MIMO operations and the development of air-interface specifications to support the associated enhancements. 
In Release 8 of LTE, downlink MIMO transmission  supports up to 4 transmit antennas at eNB and either 2 or 4 Rx antennas at UE, more specifically:
· 1 or 2-stream (per UE) for 2 Rx antennas, and 1,2, 3, or 4 streams (per UE) for 4 Rx antennas in SU-MIMO
· 1-stream (per UE) in MU-MIMO

It is envisioned that in LTE-Advanced the following optional advanced eNB and UE implementation may become feasible:
· 8 transmit antenna eNB with 8 PAs (likely also mean 8 receive antennas in uplink reception)
· Up to 8 receive antennas for certain UE categories
For certain UE categories, support of up to 8x8 DL-MIMO Single User (SU) transmission is possible, which could significantly increase the peak spectral efficiency and the peak data rate that will meet the target envisioned in IMT-Advanced. But for most of the more typical 2-Rx antenna UEs, the benefit of deploying 8-Tx eNBs will be a much improved throughput, instead of a peak data rate seen by only certain UEs with a very large number of receive antennas. Therefore, this contribution focuses on the optimization of MU-MIMO. In particular, we study the potential gain over Release 8 MU-MIMO operation with various improvements on precoding transmission and link adaptation.  
2. MU-MIMO Optimization
MU-MIMO is key to achieving improved sector throughput, especially given the limitations on the number of receive antennas at the UE. In Rel-8, the UE reporting and reception behavior in MU-MIMO operation is almost the same as in SU-MIMO mode. Hence the MU-MIMO operation in Rel-8 is fairly suboptimal as mentioned in many previous contributions (see for example [2]-[10]). The sub-optimality is primarily attributed to the following reasons [10]:
i) PMI feedback quantization at the UE: Precoding weights, as quantized with a set of pre-defined matrices and fed back to the eNB, are inadequate to ensure low level of mutual interference when transmitting to multiple UEs, even though the quantized PMI works well in SU-MIMO. 

ii) Pairing and scheduling based on quantized PMI feedback: PMI feedback derived by UE based on the SU-MIMO assumption limits eNB to pair and schedule UEs in a very suboptimal way, such as choosing UEs when their recommended precoding matrices are orthogonal. However, such a choice often fails to not only minimize cross interference but also select a good pairing.   
iii) No eNB support to enable interference cancellation receivers: Even if UEs can employ advanced interference cancellation receiver to help canceling interference in theory, they cannot estimate the interference channel in Rel-8.  
Accordingly, in [10] we recommended studying the following aspects for potential improvement:
i) Unconstrained precoding enabled by enhanced feedback schemes: precoding without existing PMI constraint
ii) Improved eNB pairing/scheduling mechanisms employing such feedback

iii) Support of advanced UE receivers by provisioning appropriate RS and associated eNB signaling to allow “MU-aware” reception. 

3. Preliminary Results

The results provided here represent a first attempt to show what the potential performance gain can be in MU-MIMO operation in an isolated cell environment once improvements are made on the above-mentioned three aspects.  We study the spectral efficiency as a function of received Es/No, where spectral efficiency refers to the sum efficiency of all UEs being scheduled in MU-MIMO. Given that UE pairing affects the UE performance and thus the total achievable spectral efficiency, we also simulated pairing operation at eNB scheduler with 10 UEs. Other simulation parameters are aligned with Case-3 of TR 25.814.

In this study, we focus on 
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antennas at eNB with precoded MU-MIMO transmission to two UEs, each of which has two or four receive antennas and receives rank-1 or rank-2 transmission. We also use SCM channel models and a ULA antenna array with 
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or 
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spacing as two examples representing high/low correlated antenna configurations. All the UEs in the cell are simulated at the same long term mean SNR and multiple drops are performed. Scheduling and precoding are performed assuming full-band (10 MHz) allocation. 

We investigate the performance with different levels of feedback information and link adaptation assumptions. The operation modes considered are listed in Table-1:

Table 1. Possible Enhanced Operational Modes for MU-MIMO 

	Operation Mode
	UE Feedback (CQI/PMI) 
	UE Receiver
	eNB UE Pairing
	eNB Precoding Scheme

	“MRC+PMI”
	Same as SU-MIMO with MRC
	MRC
	Pairing UEs with orthogonal PVI
	8-Tx Equal-gain Codebook 

	“MU-aware MMSE + PMI”
	UE feeds back PVI with best average SNR metric as CQI – The SNR metric for each PVI is obtained with MMSE receiver assumption and then averaging over all possible pairing PVIs
	MMSE-IC
	Pairing UEs with orthogonal PVI 
	8-Tx Equal-gain Codebook, eNB informs both UEs of the pairing UE’s PVI

	“Eigen-space – V” 


	V from R=VΔVH (Assuming eNB has “V”, e.g., from TDD sounding)
	MMSE-IC
	Using maximum Chordal distance (between precoding weights)


	DRS-based

UE to construct the post-precoding channel for both streams

	“covariance matrix – R”
	

R=ΣHiH Hi

(Assuming eNB has “R”, e.g., from TDD sounding)
	MMSE-IC
	Based on approximate sum capacity given R
	Same as above


We have also simulated the non-IC (ex., MRC) receivers for all modes which do not require eNB to signal the PMI used by the other (i.e., interfering) UE. Of course, MRC is a lower complexity receiver. The results are plotted in the figures below
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Figure 1 – Sum spectral efficiency with MU-MIMO, two users, one stream per UE, 2 Rx at UE

Figure 1 shows the spectral efficiency with one stream to each UE and two receive antennas at each UE. We observe that performance with non-IC receivers can be significantly improved when precoding weights can be determined with no constraint so that mutual interference at the receiver of both UEs can be minimized. In channels with higher transmit correlation (left plot), these gains are much larger, since eNB is better equipped to spatially separate users.  With lower transmit correlation (right plot), codebook-constrained precoding with MMSE-IC shows a constant gap in performance compared to the case when either “V” or “R” information is available to the eNB for optimal precoding. The gap is due to the quantization error of codebook.  
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Figure 2 - Sum spectral efficiency with MU-MIMO, two users, two streams per UE, two Rx at UE 

Figure 2 shows the spectral efficiency with two streams to each UE and two receive antennas at each UE. Given a two Rx UE has no degree of freedom to cancel the pairing UE interference, it can support this MU-MIMO scenario with decent performance only when eNB help to minimize the interference (which can only be achieved with better feedback as seen below) and only for channels with high transmit correlation. For a 
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spacing antenna configuration, performance is better using single stream for each UE since it is observed that it may not be robust to transmit two streams to each UE in this case.
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Figure 3 – Sum spectral efficiency with MU-MIMO, two users, two streams per UE, four Rx at UE
Figure 3 shows spectral efficiency with four receive antennas at each UE. For high transmit correlation, we observe significant gains for both non-IC and IC receivers with enhanced feedback. In this case, an MMSE-IC receiver can be computationally expensive, though not completely ruled out if performance gains are significant. 

4. Conclusion
In this contribution, we discussed MU-MIMO optimization and studied achievable performance gains if we can 1) improve the feedback to allow eNB to derive unconstrained and more optimal precoding weights for MU-MIMO; 2) improve the feedback to allow eNB to pair/schedule UEs in a more optimal fashion; 3) when possible enable IC receiver. In future, a complete study of improvements could include more study on the impairments in receiver demodulation, link adaptation and feedback, to take into account also RS designs [11]-[12] (both CRS and DRS support). Our initial study shows that significant throughout gains over Release 8 MU-MIMO is indeed possible once improvements can be made in the above three areas. 
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� Please note there is a factor of two difference in results plotted compared to our previous contribution R1-084406, where the result shown corresponded to per UE throughput inadvertently. The result plotted in this contribution is indeed the actual sum capacity.
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