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1. Introduction
In this contribution, we update the DL-BF simulation results with a new MU-MIMO test case of 64QAM rate ½, which replaces the original 64QAM rate ¾ test. Additional implementation considerations are also taken into account in the updated results.
2. Discussion 
In RAN4 2010 AH #2, many vendors submitted DL-BF simulation results with non-ideal assumptions [1, 2]. There were two remaining issues: the number of CRS ports, high rate MU-MIMO test case. Consensus was reached that 2 CRS ports should be used in the minimum performance tests in Rel-9 for UE-RS performance. The required SNR for the MU-MIMO test case with 64QAM ¾ at 70% throughput was found to be problematic (>25 dB). In order to have a more robust test point, a few alternative solutions were proposed:

1. Lower the co-channel interference power to -10 dB relative the desired signal.

2. Lower the throughput test point to 30%.

3. Lower the coding rate to ½ but maintain a 70% throughput test point
Among all the options, only the third option of lower coding rate resembles possible realistic deployment scenario. It was agreed that new simulation results based on option 3 should be submitted in RAN4 #55. If the required SNR is found to be reasonable, then this test case could be included in the final performance requirements.
In the following sections, we summarize the simulation results with practical channel and interference estimator and a 6% EVM modelling. To establish the SNR requirement, margin is applied to the simulation results to account for imperfect modeling of actual performance.  
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 before margin (dB)
	Required SNR after margin (dB)

	1.1
	2x2 QPSK 1/3 10MHz
	R.1
	EVA5
	Low
	70 % tp
	-2.5
	-1.0

	1.2
	2x2 16QAM 1/2 10MHz
	R.2
	EPA5
	Medium
	70 % tp
	6.1
	7.6

	1.3
	2x2 64QAM 3/4 10MHz
	R.3
	EPA5
	Low
	70 % tp
	16.0
	17.5


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 before margin (dB)
	Required SNR after margin (dB)

	1.1
	2x2 QPSK 1/3 10MHz
	R.1
	EVA5
	Low
	70 % tp
	3.0
	4.5

	1.2
	2x2 16QAM 1/2 10MHz
	R.2
	EPA5
	Medium
	70 % tp
	19.9
	21.4

	1.3
	2x2 64QAM 1/2 10MHz
	R.3
	EPA5
	Low
	70 % tp
	19.4
	20.9


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 two reference channels are shown in Table 3. 
Table 3 Test cases for rank-2 transmission with single user
	Scenario
	Description
	Reference channel
	Propagation model
	Antenna correlation
	Verification point
	Required SNR before margin (dB)
	Required SNR after margin (dB)

	1.1
	2x2 QPSK 1/3 10MHz
	R.1
	EVA5
	Low
	70 % tp
	2.1
	3.6

	1.2
	2x2 16QAM 1/2 10MHz
	R.2
	EPA5
	Medium
	70 % tp
	17.5
	19


3. Conclusion 

In this contribution, we presented updated DL-BF demodulation simulation results 2 CRS modelling, practical channel and interference estimator, and a new MU-MIMO test case of 64QAM rate 1/2. It was found the rate ½ test case requires SNR < 20 dB before the implementation margin is added. Note that the required SNR for this test case is slightly lower compared to the 16QAM rate ½ case with medium antenna correlation. Hence, we suggest adopt this lower coding rate 64QAM case for the MU-MIMO minimum performance requirement.
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