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1 Introduction
At the last RAN4 #55 meeting, the CR that introduces test cases for UE performance requirements of dual-layer beamforming was agreed [1]. After the RAN4 #55 meeting, the email discussion has identified several potential issues in interpreting the simulation assumptions, which might have caused large spread of alignment results, such as ACK/NACK feedback mode, resource block allocation, power allocation, and rank-1 MU precoding selection. As an outcome of the email discussion, using orthogonal precoding vectors between two users was proposed for MU transmission. That is, the multi-user interference is simulated by randomly selecting a 2x2 precoding matrix from the rank-2 CRS codebook excluding index 0 (Table 6.3.4.2.3-1 in [2]) and assigning each column vector of the precoding matrix to each user as a beamforming vector. However, no agreements have been reached on this issue. This contribution presents updated alignment results with ACK/ANCK multiplexing for SU rank-2 transmission, and additionally provides the performance of orthogonal precoding for MU transmission.
2 Alignment Results
Table 1(Table 3 present alignment results without considering RF impairments of a receiver. The MU results in Table 2 were obtained by randomly choosing two distinctive beamforming vectors from the rank-1 codebook in [2]. The results for SU rank-2 transmission in Table 3 show that ACK/NACK multiplexing degrades the performance compared to transmitting an ACK/NACK bit for each codeword [3]. That is, by ACK/ANCK multiplexing, the SNR at the verification point changes from 2.1dB to 2.8dB for QPSK and from 17.9dB to 19.1dB for 16QAM. Note that for TDD UL/DL configuration 1, ACK/NACK spatial multiplexing applies to subframe 0, subframe 1, and subframe 6 based on the downlink association set index in Table 10.1-1 of [4].
Table 1: Minimum performance for CDM-multiplexed DM RS without simultaneous transmission 

	Test number
	Bandwidth and MCS 
	Reference Channel
	OCNG Pattern
	Propagation Condition
	Correlation Matrix and Antenna Configuration
	Reference value
	UE Category

	
	
	
	
	
	
	Fraction of Maximum

Throughput (%)
	SNR (dB)
	

	1
	10 MHz
QPSK 1/3
	R.31 TDD
	OP.1 TDD
	EVA5
	2x2 Low
	70
	-2.5
	1-5

	2
	10 MHz

16QAM 1/2
	R.32 TDD
	OP.1 TDD
	EPA5
	2x2 Medium
	70
	6.0
	2-5

	3
	10 MHz
64QAM 3/4
	R.33 TDD
	OP.1 TDD
	EPA5
	2x2 Low
	70
	16.2
	2-5


Table 2: Minimum performance for CDM-multiplexed DM RS with interfering simultaneous transmission 
	Test number
	Bandwidth and MCS 
	Reference Channel
	Propagation Condition
	Correlation Matrix and Antenna Configuration
	Reference value
	UE Category

	
	
	
	
	
	Fraction of Maximum

Throughput (%)
	SNR (dB)
	

	4
	10 MHz
16QAM 1/2
	R.32 TDD (Note 1)
	EPA5
	2x2 Medium
	70
	18.9
	2-5

	5
	10 MHz
64QAM 1/2
	R.34 TDD (Note 1)
	EPA5
	2x2 Low
	70
	19.7
	2-5

	Note 1:      The reference channel applies to both the input signal under test and the interfering signal




Table 3: Minimum performance for CDM-multiplexed DM RS 

	Test number
	Bandwidth and MCS 
	Reference Channel
	Propagation Condition
	Correlation Matrix and Antenna Configuration
	Reference value
	UE Category

	
	
	
	
	
	Fraction of Maximum

Throughput (%)
	SNR (dB)
	

	1
	10 MHz
QPSK 1/3
	R.31 TDD
	EVA5
	2x2 Low
	70
	2.8
	1-5

	2
	10 MHz
16QAM 1/2
	R.32 TDD
	EPA5
	2x2 Medium
	70
	19.1
	2-5


3 Orthogonal Precoding in MU Transmission

This section presents the impact of orthogonal precoding on the performance of MU transmission. In Table 4, we observe that orthogonal precoding significantly improves the throughput performance of rank-1 MU transmission with 1.9dB SNR gain for “16QAM ½, 2x2 medium, EPA5”, and 2.4dB gain for “64QAM ½, 2x2 low, EPA5” at the verification point, compared to using a pair of 2x1 precoders that are randomly selected (but not identical) from the rank-1 codebook in [2]. 
Figure 1 shows the relative throughput performance for 10MHz, 16QAM ½, 2x2 medium, EPA5, with ACK/NACK multiplexing and orthogonal precoding. Considering that precoders used for rank-1 MU transmission are subset of precoders for rank-2 SU transmission, it is expected that the throughput performance of rank-2 SU is similar to the total throughput of rank-1 MU over two users. However, due to ACK/NACK multiplexing, the relative throughput of SU rank-2 transmission is worse than the relative throughput of MU rank-1 transmission. 
Table 4: Minimum performance for CDM-multiplexed DM RS with interfering simultaneous transmission 
	Test number
	Bandwidth and MCS 
	Reference Channel
	Propagation Condition
	Correlation Matrix and Antenna Configuration
	Reference value
	UE Category

	
	
	
	
	
	Fraction of Maximum

Throughput (%)
	SNR (dB)
	

	4
	10 MHz
16QAM 1/2
	R.32 TDD (Note 1)
	EPA5
	2x2 Medium
	70
	17.0
	2-5

	5
	10 MHz
64QAM 1/2
	R.34 TDD (Note 1)
	EPA5
	2x2 Low
	70
	17.3
	2-5

	Note 1:      The reference channel applies to both the input signal under test and the interfering signal
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Figure 1 Relative throughput performance, 16QAM 1/2, 2x2 Medium EPA5, 10MHz

4 Conclusions

In this contribution, alignment simulation results were provided considering realistic ACK/NACK feedback, that is, ACK/NACK multiplexing, and the impact of orthogonal multi-user precoding on the performance was investigated. Although randomly selected orthogonal precoding vectors do not necessarily result in orthogonal beamformed channels due to mismatches of precoding vectors to instantaneous channel responses, the results show that orthogonal precoding between two users can effectively suppress the multi-user interference. Considering that eNodeB is likely to schedule two UEs with beamforming vectors, which make effective channels of co-scheduled UEs orthogonal or quasi-orthogonal, for multi-user transmission, the random selection of two orthogonal 2x1 precoding vectors may be a more appropriate simulation assumption. We recommend that RAN4 conclude the simulation assumption on multi-user transmission and use the presented results for alignment.
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