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1. Introduction
In RAN4 #54, ideal simulation results for dual-layer beamforming demodulation requirements have been discussed [1]. In this contribution, we provide additional simulation results with some non-ideal assumptions.
2. Discussion 
In previous simulations, we used practical channel estimation, perfect inter-cell interference and noise estimation, perfect knowledge of MU-MIMO scheduling and no EVM modelling. In addition, 2 CRS antenna port was assumed in previous simulations. In this contribution, we revised the performance results with following assumptions:
1. Single CRS antenna port

2. Practical interference estimation

3. 6% EVM modelling

4. No side information on MU-MIMO mode
Note that RF impairments, fixed point implementation loss and other practical implementation loss have not been captured in these simulations.

2.1 Rank-1 Transmission - single user

In this test, a single user is scheduled using Rel-9 DM RS pattern. The precoder for the transmission is randomly selected from the Rel-8 rank-1 codebook and it varies per subframe per RB. The required SNR for the three reference channels are shown in Table 1. 
Table 1 Test cases for rank-1 transmission with single user

	Scenario
	Description
	Reference channel
	Propagation model
	Antenna correlation
	Verification point
	Required SNR (dB)

	1.1
	2x2 QPSK 1/3 10MHz
	R.1
	EVA5
	Low
	70 % tp
	-1.9

	1.2
	2x2 16QAM 1/2 10MHz
	R.2
	EPA5
	Medium
	70 % tp
	6.5

	1.3
	2x2 64QAM 3/4 10MHz
	R.3
	EPA5
	Low
	70 % tp
	15.1


2.2 Rank-1 Transmission – co-scheduled user

In this test, the UE under test is scheduled using Rel-9 DM RS pattern and the co-schedule UE is assumed to have 0 dB power offset. Two different precoders for the transmission of desired and co-scheduled UEs are randomly selected from the Rel-8 rank-1 codebook and they vary per subframe per RB. The required SNR for the three reference channels are shown in Table 2. 
Table 2 Test cases for rank-1 transmission with co-scheduled user
	Scenario
	Description
	Reference channel
	Propagation model
	Antenna correlation
	Verification point
	Required SNR (dB)

	1.1
	2x2 QPSK 1/3 10MHz
	R.1
	EVA5
	Low
	70 % tp
	4

	1.2
	2x2 16QAM 1/2 10MHz
	R.2
	EPA5
	Medium
	70 % tp
	21.3

	1.3
	2x2 64QAM 3/4 10MHz
	R.3
	EPA5
	Low
	70 % tp
	26


2.3 Rank-2 Transmission – single user

In this test, the UE under test is scheduled using Rel-9 DM RS with rank 2 transmissions. The precoder for the transmission is randomly selected from the Rel-8 rank-2 codebook and it varies per subframe per RB. The required SNR for the three reference channels are shown in Table 2. Note that one more scenario is added to compare with MU-MIMO performance (64QAM ¾).
Compared to MU-MIMO, the required SNRs for SU-MIMO is slightly lower due to the use of orthogonal precoders for the co-scheduled codewords in SU-MIMO compared to the use of non-orthogonal precoders in the MU-MIMO test.

Table 3 Test cases for rank-2 transmission with single user
	Scenario
	Description
	Reference channel
	Propagation model
	Antenna correlation
	Verification point
	Required SNR (dB)

	1.1
	2x2 QPSK 1/3 10MHz
	R.1
	EVA5
	Low
	70 % tp
	2.6

	1.2
	2x2 16QAM 1/2 10MHz
	R.2
	EPA5
	Medium
	70 % tp
	18.8

	
	2x2 64QAM 3/4 10MHz
	R.3
	EPA5
	Low
	70 % tp
	23.2


3. Conclusion 

In this contribution, we presented DL-BF demodulation simulation results with EVM and practical interference estimation modelling. Additional data points are captured in the attached spreadsheet.
Note that simulation results presented in this paper are still based on many idealistic assumptions. RF impairments, fixed point implementation loss and other practical implementation loss are expected for practical receivers.
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