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1. Introduction
In RAN #44 [1], it has been proposed to include MU-MIMO in the scope of Rel-9 WI “Enhanced DL transmission for LTE”. Some initial performance results have been shown in previous meetings [2]. In this contribution, we further discuss each candidate for beamforming based MU-MIMO. The system-level simulation results are presented to show the performance gain with orthogonal DRS ports and interference suppression receiver. The related feedback and control signaling options are also presented. 
2. Beamforming based MU-MIMO
From the implementation perspective, transparent MU-MIMO of beamforming can be applicable based on Rel-8 transmission mode 7 or Rel-9 SU dual-layer beamforming, i.e. two or more UEs with beamforming transmission can be scheduled on the same set of PRBs. However, non-transparent MU beamforming with explicit MU flag indication can bring non-negligible performance gain due to more reliable interference suppression at the UE side.
In case of transparent MU-MIMO, the L1/2 control signaling can be the same for both SU-MIMO and MU-MIMO transmission modes. Hence, UE is not aware of the existence of co-scheduled UE. With transparent MU-MIMO, it appears that there is no need to define a new MU-MIMO transmission mode in Rel-9. However, as shown in [2], the performance of transparent MU-MIMO heavily relies on how well spatial isolation can be achieved between co-scheduled UEs. The degradation of channel estimation accuracy due to interference on DRSs and the lack of channel knowledge of the interfering UE lead to a marginal gain of MU transmission over SU transmission. 
As mentioned above, the interference between co-scheduled UEs with transparent MU-MIMO comes from non-orthogonal DRS and overlapped PDSCH resources. A non-transparent MU-MIMO scheme with newly defined orthogonal DRS ports, on the other hand, can utilize explicit signaling to indicate the antenna port allocation information. In other words, each UE in MU-MIMO mode can estimate its equivalent DL channel with much higher accuracy. Theoretically, with error-free channel estimation, perfect zero-delay CSIT and per RE precoding granularity, it is possible to separate co-scheduled UEs’ signal at each RE ideally by the precoding algorithm implemented at eNB. Under such ideal assumptions, no interference exists among the co-scheduled UEs. Therefore, simple MRC receiver is sufficient to optimize the output SNR. However, in practical scenarios, various imperfect factors can result in performance loss for MU-MIMO. For example, when only long-term CSI, such as DoA, is available/utilized at eNB side, the residual interference observed by a UE in MU-MIMO mode can be significant. Thus, solely relying on signal processing at the network side may not be able to fully exploit the MU-MIMO gain. The capability of interference suppression at UE is essential for practical MU-MIMO transmission scheme. 
The existence of co-scheduled UE can be informed via explicit SU/MU indication. Being aware of its own DRS port and the paired DRS port, the channel information for the desired layer and the interfering layer can be estimated by the orthogonal DRS ports. Hence, the intra-cell inter-layer interference on PDSCH can be mitigated at the UE side with MMSE or advanced interference cancellation algorithms. 

In beamforming based MU-MIMO, the related CQI feedback mechanism can be similar to that of Rel-8 transmission mode 7. Each UE reports its own CQI based on the measurements of all available CRS ports. CQI adjustment can be performed at eNB. In TDD systems, with channel information obtained from SRS at eNB, the CQI and MCS selection for co-scheduled UEs can be adjusted more accurately. In FDD systems, using long term statistical channel information (e.g. DOA) at eNB, CQI feedback from the UE can be revised to determine the MCS for co-scheduled UEs. Furthermore, ACK/NAK information can assist the eNB to adjust MCS level. 
3. Performance evaluation results
System-level simulation results for several beamforming based MU-MIMO schemes are presented in this section. For rank 1 SU transmission, legacy Rel-8 port 5 DRS pattern is utilized. For transparent MU-MIMO, both UEs use the same port 5 DRS pattern with their DRS sequences generated from their respective RNTIs. Two orthogonal DRS ports are defined for dual-layer beamforming based non-transparent MU-MIMO. 
In [3], a GoB type of scheme was presented as an example for transparent MU-MIMO. Four fixed beams are used in each sector to cover the service area. With DoA information at eNB, it may schedule two or more UEs on the same RB set. GoB based SDMA scheme relies on the isolation of signals in beam domain. However, even in the scenarios without azimuth spread, different beams observed by a randomly located UE overlap in most cases. That means it is almost impossible for a UE to hear from only a single beam. Consequently, the probability for pairing two or more UEs in MU-MIMO transmission without co-channel interference is small. The situation becomes even more complicated in practical environments, as the orthogonality among fixed beams vanishes with the dispersion of signal propagations. In this case, the introduction of antenna port information and SU/MU indication can maintain a reasonable performance gain. With channel knowledge of the co-scheduled UE in MU-MIMO mode, inter-layer interference can be mitigated at the UE side with MMSE receiver or even more advanced receivers such as SIC. 
In the simulation below, channel reciprocity in TDD is exploited by the eNodeB to estimate the downlink channel and to generate EVD-ZF precoding weights. Imperfect factors such as SRS delay, SRS channel estimation error and CQI feedback delay, are taken into account in the system simulations. The non-ideal assumptions are listed below:
· SRS delay 10ms, no Tx antenna switching
· CQI delay 10ms, quantized error 1 dB

· SRS channel estimation error: 10dB MSE
· EVM error: 5%
· Non-ideal DRS channel estimation: Modeling MSE based on actual SNR and SIR
Other simulation parameters and assumptions are listed in Annex 1. Table 1 compares the throughput of SU rank1, GoB based transparent MU and non-transparent MU-MIMO with orthogonal DRS ports and SU/MU indication. 
Table 1: Throughput comparison for SU rank1, transparent MU, and non-transparent MU-MIMO
	Transmission mode
	Cell edge user spectral efficiency (bits/s/Hz)
	Cell average spectral efficiency (bits/s/Hz)
	Gain(of average SE)

	SU rank1
	0.0670
	1.9158
	100%

	MU transparent, GoB based
(Max co-scheduled UEs per RB: 4)
	0.0471
	2.2598
	117.96%

	MU non-transparent
(Max co-scheduled UEs per RB: 2)
	0.0769
	2.4366
	127.18%


The simulation results indicate that beamforming based non-transparent MU-MIMO provides non-negligible performance gains over the transparent MU-MIMO beamforming scheme, in terms of both average and cell edge spectral efficiency. Even though more than 2 UEs might be co-scheduled in GoB based transparent MU-MIMO, the coarsely selection within only 4 fixed beams still results in unavoidable degradation in spectral efficiency when compared with EVD-ZF based scheme. Due to the exploited channel reciprocity and multi-user diversity, the non-transparent MU-MIMO scheme shows a 27.2% throughput gain over the single user single layer beamforming scheme. Based on the observed performance gains, we prefer to have the non-transparent MU-MIMO scheme in Rel-9. 
4. Conclusions

In this contribution, we discuss several aspects of beamforming based MU-MIMO in Rel-9, such as performance comparison of MU-MIMO schemes, CQI feedback mechanism, and downlink control signaling. Further, system simulation results for two MU-MIMO schemes with non-ideal assumptions are provided. Degradation of DRS channel estimation leads to a negative impact on the performance of MU-MIMO. With more accurate channel knowledge of the co-scheduled UE, inter-layer interference can be mitigated at the UE side with higher reliability. As shown in the contribution, the non-transparent MU-MIMO scheme demonstrates significant gains of 7.8% on cell average spectral efficiency over the considered Rel-8 mode 7 based transparent MU-MIMO scheme. 
Based on the analysis and simulation results, we propose to introduce a beamforming based non-transparent MU-MIMO transmission mode in Rel-9.
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Appendix1: System simulation parameters
	Parameter
	Assumption

	Cellular Layout
	Hexagonal grid, 19 sites, 3 sectors per site

	Inter-site distance
	500m

	Load
	  10 UE per sector

	Bandwidth
	10MHz

	Total BS TX power 
	46dBm – 10MHz carrier

	BS antenna gain plus cable loss
	14 dBi 

	UE antenna gain
	0 dBi

	Noise figure at UE
	9dB

	Distance-dependent path loss
	L=I + 37.6log10(.R), R in kilometers, I=128.1 – 2GHz

	Minimum distance between UE and cell
	>= 35 meters

	Lognormal Shadowing with shadowing standard deviation
	8 dB for macro cell

	Penetration Loss  
	20dB

	Channel model
	SCM-E 

	UE speeds of interest
	3km/h

	Number of antenna elements (BS, UE)
	(8, 2)

	Antenna separation (BS, UE) [times of wavelength]
	(0.5, 0.5)

	Antenna Polarization 
	BS cross polarization,  UE co-polarization 

	CQI / ACK/NAK feedback delay
	Refer to 3GPP TS 36.213 (TDD UL/DL configuration 1)

	Control and RS overhead 
	3 OSs DL control and 2 CRS ports, 12 REs DRS per PRB

	Scheduler
	Proportional Fair

	CQI feedback scheme
	Reuse transmission mode 7 in Rel-8

	HARQ
	HARQ-CC, Maximum 4 transmission times, Maximum HARQ process follows 3GPP TS 36.213 (TDD UL/DL configuration 1)





























