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1 Introduction
Using two CRS ports in DL-BF UE demodulation tests was agreed at the last RAN4 Ad-Hoc#2 meeting to improve the control channel performance [1]. In addition, companies were invited to provide simulation results for the 64QAM ½ MU scenario. This effort is to meet operator’s need for the peak throughput support with a feasible test setup.   

In this contribution, we present alignment results with practical channel and interference estimation assuming 2 CRS ports. Furthermore, we propose a set of test cases for the DL-BF minimum performance requirement, which are meaningful and necessary in terms of test coverage. 

2 Alignment Results 

In this section, alignment results (no impairments) are provided. The RMC for 2 CRS ports are provided in Annex. Table 1(Table 3 present simulation scenarios and corresponding SNRs at verification points. Figure 1( Figure 3 show the alignment results via relative throughput curves for various SNR ranges.
In Figure 3, the required SNR for 70% of the maximum throughput in Scenario 2.3 is 20dB with the ideal receiver. Considering RF impairments and practical implementation loss, the minimum performance requirement would be determined around 24dB or higher SNR, which is difficult to achieve in a realistic receiver. Thus, it is appropriate to select 50% of the maximum throughput as a verification point in Scenario 2.3.
Table 1 Rank-1 single-user scenario

	Scenario number
	Bandwidth and MCS
	Reference channel
	Propagation condition
	Antenna Configuration and Correlation
	Verification point

	
	
	
	
	
	SNR (dB)
	Fraction of Max Throughput

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

	1.2
	16QAM 1/2 10MHz
	R.2
	EPA5
	2x2 Medium
	6.0
	70 %

	1.3
	64QAM 3/4 10MHz
	R.3
	EPA5
	2x2 Low
	16.2
	70 %


Table 2 Rank-1 multi-user scenario

	Scenario number
	Bandwidth and MCS
	Reference channel
	Propagation condition
	Antenna Configuration and Correlation
	Verification point

	
	
	
	
	
	SNR (dB)
	Fraction of Max Throughput

	2.1
	QPSK 1/3 10MHz
	R.1
	EVA5
	2x2 Low
	3.2
	70 %

	2.2
	16QAM 1/2 10MHz
	R.2
	EPA5
	2x2 Medium
	18.9
	70 %

	2.3
	64QAM 1/2 10MHz
	R.4
	EPA5
	2x2 Low
	16.8
	50 %


Table 3 Rank-2 single-user scenario

	Scenario number
	Bandwidth and MCS
	Reference channel
	Propagation condition
	Antenna Configuration and Correlation
	Verification point

	
	
	
	
	
	SNR (dB)
	Fraction of Max Throughput

	3.1
	QPSK 1/3 10MHz
	R.1
	EVA5
	2x2 Low
	2.1
	70 %

	3.2
	16QAM 1/2 10MHz
	R.2
	EPA5
	2x2 Medium
	17.9
	70 %
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Figure 1 Relative throughput performance, QPSK 1/3, 2x2 Low EVA5, 10MHz
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Figure 2 Relative throughput performance, 16QAM 1/2, 2x2 Medium EPA5, 10MHz
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Figure 3 Relative throughput performance, 64QAM 3/4, 2x2 Low EPA5, 10MHz 
3 Test Coverage for DL-BF Demodulation Requirement

When developing test cases for UE demodulation requirements, it is important to consider practical use cases, proper feature verification, and broad coverage on UE categories and propagation condition. In Rel-9 dual-layer beamforming demodulation tests, correct channel estimation and data demodulation using Rel-9 CDM based UE-specific RS needs to be verified. Additionally, test cases should be able to show the throughput increase obtained from employing rank-2 transmission per UE and/or co-channel user scheduling. 
The scenario 1.1, QPSK 1/3 rank-1 SU, needs to be included to cover a Category 1 UE. The scenario 3.1, QPSK 1/3 rank-2 SU, can be included to compare the SU rank-2 throughput performance with the SU rank-1 performance. Both the scenario 1.1 and the scenario 3.1 cover frequency-selective propagation condition (EVA5). 

The scenario 1.3, 64QAM ¾ rank-1 SU, corresponds to a high throughput support use case, and covers a high Category UE or a UE near a cell site. 
The scenario 2.2, 16QAM ½ rank-1 MU, needs to be included to see the multi-user interference suppression capability under the medium antenna correlation. Moreover, it covers mid-throughput UEs. 
Finally, the scenario 2.3, 64QAM ½ rank-1 MU, can be included to see the maximum achievable throughput increase by scheduling a co-channel user. For the scenario 2.3, the verification point needs to be set to 50% of the maximum throughput due to the high operating SNR.
4 Conclusions

In this contribution, alignment simulation results assuming 2 CRS ports are provided, and a set of test cases which may achieve the full test coverage minimizing the number of test cases, are proposed. In summary, we recommend adopting the following scenarios to define the minimum performance requirement of Rel-9 dual-layer beamforming in TS 36.101 [2]. 
· Scenario 1.1: Rank-1 SU, QPSK 1/3 10MHz, EVA5, 2x2 Low, 70%
· Scenario 1.3: Rank-1 SU, 64QAM 3/4 10MHz, EPA5, 2x2 Low, 70%
· Scenario 2.2: Rank-1 MU, 16QAM 1/2 10MHz, EPA5, 2x2 Medium, 70%
· Scenario 2.3: Rank-1 MU, 64QAM 1/2 10MHz, EPA5, 2x2 Low, 50%
· Scenario 3.1: Rank-2 SU, QPSK 1/3 10MHz, EVA5, 2x2 Low, 70%
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6 Annex: Reference Measurement Channel
Table A.2-1: Fixed Reference Channel for Dual-layer Beamforming
	Parameter
	
	Value

	Reference channel
	
	R.1
	R.2
	R.3
	R.4

	Channel bandwidth
	MHz
	10
	10
	10
	10

	Allocated resource blocks
	
	50 4
	50 4
	50 4
	50 4

	Uplink-Downlink Configuration (Note 3)
	
	1
	1
	1
	1

	Allocated subframes per Radio Frame (D+S)
	
	4+2
	4+2
	4+2
	4+2

	Modulation
	
	QPSK
	16QAM
	64QAM
	64QAM

	Target Coding Rate
	
	1/3
	1/2
	3/4
	1/2

	Information Bit Payload
	
	
	
	
	

	  For Sub-Frames 4,9 
	Bits
	3624
	11448
	27376
	18336

	  For Sub-Frames 1,6
	
	2664
	7736
	16992
	11832

	  For Sub-Frame 5
	Bits
	n/a
	n/a
	n/a
	n/a

	  For Sub-Frame 0
	Bits
	2984
	9528
	22152
	14688

	Number of Code Blocks per Sub-Frame
(see Note 5)
	
	
	
	
	

	  For Sub-Frames 4,9 
	
	1
	2
	5
	3

	  For Sub-Frames 1,6
	
	1
	2
	3
	2

	  For Sub-Frame 5
	
	n/a
	n/a
	n/a
	n/a

	  For Sub-Frame 0
	
	1
	2
	4
	3

	Binary Channel Bits Per Sub-Frame
	
	
	
	
	

	  For Sub-Frames 4,9 
	Bits
	12000
	24000
	36000
	36000

	  For Sub-Frames 1,6
	
	7872
	15744
	23616
	23616

	  For Sub-Frame 5
	Bits
	n/a
	n/a
	n/a
	n/a

	  For Sub-Frame 0
	Bits
	9840
	19680
	29520
	29520

	Max. Throughput averaged over 1 frame
	Mbps
	1.556
	4.79
	11.089
	7.502

	UE Category
	
	1-5
	2-5
	2-5
	2-5

	Note 1:
2 symbols allocated to PDCCH for 20 MHz, 15 MHz and 10 MHz channel BW; 3 symbols allocated to PDCCH for 5 MHz and 3 MHz; 4 symbols allocated to PDCCH for 1.4 MHz. For subframe 1&6, only 2 OFDM symbols are allocated to PDCCH.

Note 2:
Reference signal, synchronization signals and PBCH allocated as per TS 36.211  
Note 3:
as per Table 4.2-2 in TS 36.211 

Note 4:   For R.A, R.B and R.C, 50 resource blocks are allocated in sub-frames 4, 9 and 41 resource blocks (RB0–RB20 and RB30–RB49) are allocated in sub-frame 0,1,6.  

Note 5:   If more than one Code Block is present, an additional CRC sequence of L = 24 Bits is attached to each Code Block (otherwise L = 0 Bit)
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