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1. Introduction
Dual-layer beamforming (DL-BF) is a new feature in Rel-9 that enhances the MIMO performance when DM-RS is used. In RAN4 Ad Hoc #1, the framework for dual-layer beamforming demodulation requirements has been agreed [1]. In this contribution, we provide preliminary simulation results based on the agreed assumptions.
2. Discussion 
Multiple proposals were made in previous meetings on DL-BF demodulation requirements [2-9]. Agreement was reached in the last Ad Hoc meeting that three scenarios should be defined for dual layer beamforming demodulation requirements: Rank-1 single user, Rank-1 co-scheduled user, and Rank-2 single user. In the following sections, we present the simulation results for each scenario. 
In all the test scenarios, practical channel estimation and perfect inter-cell interference estimation are assumed. In the case of co-scheduled user, practical intra-cell interference estimation is modelled. Note that MMSE receiver is used for all test results. MRC receiver performance is captured in the Appendix.
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
	-2.0

	1.2
	2x2 16QAM 1/2 10MHz
	R.2
	EPA5
	Medium
	70 % tp
	6.3

	1.3
	2x2 64QAM 3/4 10MHz
	R.3
	EPA5
	Low
	70 % tp
	15.4


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
	2.5

	1.2
	2x2 16QAM 1/2 10MHz
	R.2
	EPA5
	Medium
	70 % tp
	19.4

	1.3
	2x2 64QAM 3/4 10MHz
	R.3
	EPA5
	Low
	70 % tp
	26.1


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
	2.3

	1.2
	2x2 16QAM 1/2 10MHz
	R.2
	EPA5
	Medium
	70 % tp
	18

	
	2x2 64QAM 3/4 10MHz
	R.3
	EPA5
	Low
	70 % tp
	23.4


3. Conclusion 

In this contribution, we presented DL-BF demodulation simulation results based on the agreed framework in [1]. It was observed that MMSE receivers provide good suppression of co-scheduled UEs. Compared to SU-MIMO, the required SNRs for MU-MIMO to achieve the same spectral efficiency are 0.2, 1.4 and 2.7 dB higher for QPSK, 16QAM and 64QAM reference channels, respectively. The performance difference is mainly due to the use of random and orthogonal precoders for the two co-scheduled codewords in the MU-MIMO and SU-MIMO tests.
Note that simulation results presented in this paper are based on idealistic assumptions with no implementation margin. We recommend RAN4 to take these results into account when comparing initial idealistic simulation results. 
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Appendix

In this section, we provide additional throughput curves for all test cases. In addition, we demonstrate the performance difference between MMSE and MRC receivers. Note that all throughput are raw throughput assuming full duty cycle (no normalization based on TDD configuration and subframe 5 reservation).
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Figure 1 Rank-1 single user demodulation performance.
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Figure 2 Rank-1 co-scheduled user demodulation performance with MMSE receiver.
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Figure 3 Rank-1 co-scheduled user demodulation performance with MRC receiver.
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Figure 4 Rank-2 single user demodulation performance with MMSE receiver.

[image: image5.emf]-10 -5 0 5 10 15 20 25 30

0

2000

4000

6000

8000

10000

12000

SNR (dB)

Throughput (Kbps)

MRC Receiver

 

 

SU-MIMO 16 QAM Rate 1/2 (Rank 2)

SU-MIMO 64 QAM Rate 3/4 (Rank 2)

SU-MIMO QPSK Rate 1/3   (Rank 2)


Figure 5 Rank-2 single user demodulation performance with MRC receiver.







