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1 Introduction
In this contribution we present simulation results for dual-layer beamforming according to the simulation assumptions in [1] with one exception and the revised measurement channels discussed in the correspondence [2]. The exception is the TX EVM for which we have used 0% rather than the assumed 6%: this will in fact give a lower bound for the test cases requiring a high SNR for which the effect of EVM is significant, the difference for the remaining cases below 15 dB is only marginal.
We end with a proposal to remove the 64QAM MU-MIMO test case. A CR to introduce a framework for requirements based on [1] is given in [3]. 
2 Simulation results
Results for the 70% test points based on the alignments results are shown in Tables 1-3; full curves are given in the attached.
Table 1: SU-MIMO Rank 1 without co-scheduled user

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

	
	
	
	
	
	Fraction of Maximum

Throughput (%)
	SNR (dB)
	

	1.1
	10 MHz
QPSK 1/3
	R.1
	EVA5
	2x2 Low
	70
	-2.6
	1-5

	1.2
	10 MHz
16QAM 1/2
	R.2
	EPA5
	2x2 Medium
	70
	5.9
	2-5

	1.3
	10 MHz
64QAM 3/4
	R.3
	EPA5
	2x2 Low
	70
	13.9
	2-5


Table 2: SU-MIMO Rank 1 with co-scheduled user (MU-MIMO)
	Test number
	Bandwidth and MCS 
	Reference Channel
	Propagation Condition
	Correlation Matrix and Antenna Configuration
	Reference value
	UE Category

	
	
	
	
	
	Fraction of Maximum

Throughput (%)
	SNR (dB)
	

	2.1
	10 MHz
QPSK 1/3
	R.1
	EVA5
	2x2 Low
	70
	2.2
	1-5

	2.2
	10 MHz
16QAM 1/2
	R.2
	EPA5
	2x2 Medium
	70
	18.2
	2-5

	[2.3]
	[10 MHz
64QAM 3/4]
	[R.3]
	[EPA5]
	[2x2 Low]
	[70]
	[21.5]
	[2-5]


Table 3: SU-MIMO Rank 2 
	Test number
	Bandwidth and MCS 
	Reference Channel
	Propagation Condition
	Correlation Matrix and Antenna Configuration
	Reference value
	UE Category

	
	
	
	
	
	Fraction of Maximum

Throughput (%)
	SNR (dB)
	

	3.1
	10 MHz
QPSK 1/3
	R.1
	EVA5
	2x2 Low
	70
	2.9
	1-5

	3.2
	10 MHz
16QAM 1/2
	R.2
	EPA5
	2x2 Medium
	70
	19.6
	2-5


3 64QAM 3/4 MU-MIMO with 70% test point
The 21.5 dB result for the 64QAM MU-MIMO test case is valid for an ideal radio and a perfect transmitted signal. Adding radio impairments and fix points margins, which are particularly relevant for higher-order modulation, and then TX EVM added on top, the test point would be in the range 27-30 dB at best. This is not feasible for a real DUT in a conformance test. 
The problem of high SNR test point is not specific to DL-BF. Next we show a case that is similar from an inter-stream interference rejection standpoint but is exhibited to a TX EVM of 6%. Figure 1 shows ideal performance for Rel-8 closed-loop spatial multiplexing for FDD and with 64QAM 3/4, EPA5, 2 x 2 antenna configuration and low correlation just as for case 2.3 The maximum data rate is around 54 Mbps so the test point would be > 25 dB (no impairments), around 3 dB above the MU-MIMO case 2.3 for which we assumed an ideal transmitted signal. The corresponding FDD single-layer case is feasible however: the 70% test point would be around 3 dB better than the corresponding Rel-8 DRS test case since the channel estimation processing gain is higher using the CRS. 
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Figure 1: results from single- and dual-layer CL SM 64QAM 3/4 for FDD.
We propose to remove the test case 2.3 due to the unfeasible test point. We emphasize that these concerns for this particular test case will not jeopardize the implementation of MU-MIMO. It is indeed possible to achieve high discrimination between the antenna beams and locate nulls in the direction of the co-scheduled user. In a real deployment, this could be the case close to the site where the impact of surrounding scatterers is low. In fact, the intra-cell interference is then very low since already removed by the base station, and it is less meaningful to verify the interference suppression capability of the UE in this case. 

The functionality of 64QAM for MU-MIMO/SU-MIMO can be verified by turning to the single-layer case without co-scheduled interference: the signaling format in DCI 2B is exactly the same for SU-MIMO rank 1 and MU-MIMO rank 1 in the presence of a co-scheduled user (which the desired UE may not be aware of). Alternatively, one could test the 64QAM co-scheduled case at a much lower throughput point, e.g. 30%, but this would hardly be meaningful if the functionality of 64QAM is already tested.

Finally, the gains of MU-MIMO are apparent at high load. Each of the co-scheduled users then experiences a lower per-stream SNIR due to the intra-cell interference and the shared power between the wanted and the co-scheduled users: the MCS will then be of lower complexity also for users relatively close-in to the site. The interference suppression capability under these conditions is then verified by the 16QAM case with medium correlation (larger inter-stream coupling) that does not require as high input SNR. The inter-cell interference is indeed higher at high load and the average SNR lower.
4 Proposal
It is proposed to remove the test case 2.3, which is not feasible. This does not jeopardize the implementation of the MU-MIMO functionality.
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