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1. Introduction
The test cases and simulation assumptions on UE performance requirements for dual-layer beamforming was discussed in several meetings and were email agreed in [1]. Following the agreements in [1], we conducted some simulations to evaluate the UE demodulation performance in case of downlink dual layer BF transmission, and the simulation results with EVA5 propagation model and FRC R.1 are presented in this contribution,
2. Simulated Scenarios
2.1 Rank-1 Transmission – without co-scheduled user

The beamforming model used for Rank-1 transmission with single user is 
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,                               (1) 
where WSU is a 2x1 single-layer precoder randomly selected from Rel-8 codebook from Table 6.3.4.2.3-1 in TS36.211 for each subframe and each PRB. The scenario 1.1 for rank-1 transmission without co-scheduled user was simulated.
Table.1 Simulated test cases for rank-1 transmission with single user
	Scenario
	Description
	Reference channel
	Propagation model
	Antenna correlation
	Verification point

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


2.2 Rank-1 Transmission – co-scheduled users
The beamforming model used for Rank-1 transmission with co-scheduled user case is the same as the case without co-scheduled user as in equation (1)， 
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The difference from equation (1) is that 
[image: image3.wmf]MU

W

 is composed of two different 2x1 precoders randomly selected from Table 6.3.4.2.3-1 in TS36.211. The powers of the wanted and interfering users are normalized as specified in appendix of [1] and there is no power boosting of the UE-specific RS EPRE as in the cases without co-channel interference. And the scenario 2.1 was simulated 
Table.2 Simulated test cases for rank-1 transmission with co-scheduled users
	Scenario
	Description
	Reference channel
	Propagation model
	Antenna correlation
	Verification point

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


2.3  Rank-2 Transmission 

The beamforming model used for Rank-2 transmission with single user can be modeled as
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Not as rank-1 modeling equation (1), the 
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is the dual-layer 2x2 precoder, which is randomly selected from the set of codebooks in Table 6.3.4.2.3-1 in TS36.211 with an update granularity of each subframe and each PRB. The scenario 3.1 is simulated to verify the single user rank-2 transmission with low correlation antenna.

Table.3 Simulated test cases for rank-2 with single user
	Scenario
	Description
	Reference channel
	Propagation model
	Antenna correlation
	Verification point

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


2.4 UE-RS and CRS Pattern in simulation 
Port 0 CRS and port 7&8 UE-RS patterns of the normal CP DL subframes and DwPTS used in simulation is shown in Figure 1. 50 resource blocks are scheduled in sub-frames 4, 9 and 41 resource blocks (RB0–RB20 and RB30–RB49) are scheduled in sub-frame 0,1,6.
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Figure 1: CRS and UE-RS tone map for normal subframe and DwPTS
3. Simulation results
We show some simulation results with the single-user MIMO case based on the agreed assumptions in [1] which is cited in appendix. For single-layer with co-scheduled case, port 7 is employed for wanted signal and port 8 is employed for transmitting the interfering signal. The channel estimation is on realistic MMSE estimator and no error is assumed in uplink acknowledgement. IR and maximum 4 times retransmission is adopted in HARQ process in simulations.  

The SNR curves for simulation results with single layer with co-scheduled user, w/o co-scheduled users and dual-layer are plotted in the Figure1 and Table 4 shows the SNR requirements at the 70% maximum throughput verification points for the scenarios 1.1, 2.1 and 3.1.  
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Figure 2: single-layer and dual-layer transmission

Table 4: SNRs at Verification point of 70% maximum throughput
	Scenarios
	Reference Channel
	Propagation Condition
	Correlation Matrix and Antenna Configuration
	Fraction of Maximum

Throughput (%)
	SNR (dB)

	1.1
	FR.1
	EPA5
	2x2 Low
	70
	-1.7

	2.1
	FR.1
	EPA5
	2x2 Low
	70
	4.0

	3.1
	FR.1
	EPA5
	2x2 Low
	70
	2.9


4. Conclusion
In this contribution, the simulation results for Rel-9 dual layer beamforming demodulation performance requirements for TS 36.101 are presented. It is shown from the simulation results that the SNR requirements at the verification point of 70% maximum throughput are -1.7dB, 4.0dB and 2.9 dB for scenario 1.1, 2.1 and 3.1 respectively. 
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Annex A: 
A1. Simulation Assumptions

The DL-BF performance requirements could be evaluated with the general simulation assumptions listed in Table A.1-1

Table A.1-1
 General simulation assumptions
	Common parameters
	Value

	Uplink-downlink configuration
	#1 (2:2)

	Special subframe configuration
	#4 (DwPTS:GP:UpPTS – 12:1:1)

	Cell ID
	N_cell_ID = 0 shall be assumed whenever applicable
Scrambling_ID = 0

	Channel BW
	10MHz

	MU-MIMO interference
	Utilize the same MCS as target UE

	Number of allocated RBs for UE1
	50 when available

	Number of allocated RBs for UE2
	Same as for UE1

	Verification point
	70%-ile throughput

	SIB transmission 
	Subframe #5 is reserved

	Channel estimation
	Practical and realistic channel and noise estimates with no a-priori knowledge of the channel state information

	Channel coding
	According to Section 5.3.2 of 36.212

	Redundancy version sequence
	{0,1,2,3} for QPSK and 16QAM, {0,0,1,2} for 64QAM

	Physical channel processing
	According to Section 6.4 of 36.211

	Cyclic prefix
	Normal

	Scheduling rate
	Four subframes plus two DwPTS per radio frame (all downlink subframes occupied)

	Power allocation
	PA = 0 dB

PB = 0 ((B/(A=1)

	Power allocation ratio UE1 / UE2
	0dB

	channel dependent precoder update granularity
	Frequency domain: 1 PRB

Time domain: 1 ms

	Number of OFDM symbols reserved for PCFICH/PHICH/PDCCH 
	2 symbols

	PBCH/SCH overhead
	Included; 50 resource blocks are allocated in sub-frames 1–9 and 41 resource blocks (RB0–RB20 and RB30–RB49) are allocated in sub-frame 0, 1, 6

	Interference
	AWGN + simulated MU-MIMO interference

	Reference receiver
	MMSE

	TX EVM
	6 %

	UL ACK configuration
	Multiplexing

	Simulation length
	10000 allocated DL subframes at minimum


A.2
Reference Measurement Channels
Table A.2-1: Fixed Reference Channel for Dual-layer Beamforming 
	Parameter
	t
	Value

	Reference channel
	
	R.1
	R.2
	R.3

	Channel bandwidth
	MHz
	10
	10
	10

	Allocated resource blocks
	
	50 4
	50 4
	50 4

	Uplink-Downlink Configuration (Note 3)
	
	1
	1
	1

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

	Modulation
	
	QPSK
	16QAM
	64QAM

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

	Information Bit Payload
	
	
	
	

	  For Sub-Frames 4,9 
	Bits
	4392
	12960
	28336

	  For Sub-Frames 1,6
	
	2664
	7480
	18336

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

	  For Sub-Frame 0
	Bits
	2984
	9528
	22152

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

	  For Sub-Frames 4,9 
	
	1
	3
	5

	  For Sub-Frames 1,6
	
	1
	2
	4

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

	  For Sub-Frame 0
	
	1
	2
	4

	Binary Channel Bits Per Sub-Frame
	
	
	
	

	  For Sub-Frames 4,9 
	Bits
	12600
	25200
	37800

	  For Sub-Frames 1,6
	
	8364
	16728
	25092

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

	  For Sub-Frame 0
	Bits
	10332
	20664
	30996

	Max. Throughput averaged over 1 frame
	Mbps
	1.710
	5.041
	11.55

	UE Category
	
	1-5
	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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