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1. Introduction

In previous RAN4 meetings, several contributions were proposed and discussed on R9 dual-layer beamforming performance requirements[1-7]. However, a unified framework for evaluations has not been decided yet. Based on the agreements in work plan R4-095015, a simulation framework is to be agreed in RAN4 Ad-hoc #1, including including transmission models, simulation assumptions and test cases definition.
In this contribution, we introduce our considerations on the framework for DL-BF performance requirements, and also propose the test cases for each transmission scenario as well as general simulation assumptions.
2. Transmission Scenarios and Test Cases
Rank-1 Transmission - single user
The purpose of this scenario is to verify UE demodulation performance with rank-1 transmission in the presence of inter-cell interference only. In this scenario, only one user is scheduled for each time-frequency resource. It is similar to current DRS test except for using different antenna port and DM RS patterns(see Annex A.2). Since RAN1 has agreed on the support of PMI based feedback for DL-BF[8], the beamforming vectors in the simulations could be selected according to the PMI index in order to take channel information into consideration.

The rank-1 transmission test with single user should be based on 1x2 SIMO scenario as current Rel-8 DRS test does. Since the UE can not assume that the other DM RS antenna port is not associated with PDSCH assigned to another UE, the receiver algorithm should be valid regardless of the presence/absence of the co-scheduled UE interferer. The model currently used in Annex E in [9] can be reused to simulate the behaviour of the composite beamforming channel, which is also repeated in the following.
Beamforming model:

The effective channel for the user-specific signal, including DM RS, is defined as a product of a 2x2 MIMO matrix and a channel dependent single-layer 2x1 precoder, i.e.
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where the codebook index j (Table 6.3.4.2.3-1 in [10]) changes according to the feedback PMI index for each subframe and every 6 PRB. Note that
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is a 2x1 matrix representing a 1x2 SIMO channel.
The following test cases are proposed 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
	Medium
	70 % tp

	1.2
	2x2 QPSK 1/3 10MHz
	R.1
	ETU70
	Low
	70 % tp

	1.3
	2x2 16QAN 1/2 10MHz
	R.2
	EVA5
	Medium
	70 % tp

	1.4
	2x2 64QAM 3/4 10MHz
	R.3
	EPA5
	Medium
	70 % tp


Rank-1 Transmission – co-scheduled users
The purpose of this scenario is to verify the UE demodulation performance with rank-1 transmission in the presence of both inter-cell interference and intra-cell interference of co-scheduled UE using different orthogonal DM-RS port on the same PDSCH resources. In this scenario, two users are scheduled in the same time-frequency resources. The DM-RS of the two layers are CDM multiplexed and different beamforming vectors are applied to the two users. Although UE cannot assume whether another port is currently in use or not, some form of interference cancellation is beneficial due to the different interference scenarios. It is proposed to do transmission on one UE-RS port to the target UE along with transmission on another UE-RS port. Some of the considerations will be discussed below.

We may still use simplified transmit antenna model to circumvent the implementation of specific BF methods in the test. However, the usage of CRS precoder in 
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 as Rel-8 DRS test currently defined may be no longer suitable, since the correlation between the beamforming vectors of the two users will have a direct impact on the interfering level the target UE experienced. As a result, those properties should also be accounted in the effective channel modelling. The transmitted signals can be modelled as:
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In which 
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In these equations, 
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are the two users’ user-specific signal respectively, including DM-RS after resource mapping. The DM-RSs of the two users are orthogonal multiplexed on the same PDSCH resources based on CDM as described in [8]. The power allocation of the two users are assumed equivalent. 
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 are the two users’ 2x1 beamforming vectors, in which the target user’s beamforming vector is suggested to be selected from Table 6.3.4.2.3-1 in [10] according to its specific feedback PMI index while the interference user’s beamforming vector could be selected randomly from the same table. 
[image: image10.wmf]MU

W

 is the joint test vectors based on 
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 to simulate the effective beamforming channel. The update granularity can be set for each subframe and every 6 RB.

Thus, the effective channel of the user under test can be defined as:
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The following test cases are proposed 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
	Medium
	70 % tp

	2.2
	2x2 QPSK 1/3 10MHz
	R.1
	ETU70
	Low
	70 % tp

	2.3
	2x2 16QAN 1/2 10MHz
	R.2
	EVA5
	Medium
	70 % tp

	2.4
	2x2 64QAM 3/4 10MHz
	R.3
	EPA5
	Medium
	70 % tp


Rank-2 Transmission – single user
The purpose of this scenario is to verify the UE demodulation performance with rank-2 transmission in the presence of inter-cell interference only. This scenario is an extension of current Rel-8 transmission mode 7 and basic ideas can be reused. It is proposed to extend current channel model (given in the following) to incorporate 2 layers at the same time.
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In which 
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is the dual-layer 2x2 precoders for target UE, which could be selected from the set of codebooks in Table 6.3.4.2.3-1 in [10] according to the feedback PMI index with an update granularity of each subframe and every 6 RB.
The following test cases are proposed for rank-2 transmission with single user:
	Scenario
	Description
	Reference channel
	Propagation model
	Antenna correlation
	Verification point

	3.1
	2x2 QPSK 1/3 10MHz
	R.4
	EVA5
	Medium
	70 % tp

	3.2
	2x2 16QAN 1/2 10MHz
	R.5
	EPA5
	Low
	70 % tp


3. Simulation Assumptions

Based on the transmission models described in the above section, DL-BF performance requirements could be evaluated with the general simulation assumptions listed in Table 3-1

Table 3-1
 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: 6 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.

	Interference
	AWGN + simulated MU-MIMO interference

	TX EVM
	6 %

	UL ACK configuration
	Multiplexing

	Simulation length
	10000 subframes at minimum


4. Conclusions

In this contribution, the transmission scenarios of DL-BF are introduced with our point of view on several open issues. In addition, the test cases for each scenario and the general simulation assumptions are also proposed. It is recommended that RAN4 discusses the feasibility of the proposed models and assumptions to get an agreement on framework for DL-BF performance requirements.
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Annex
A.1
Reference Measurement Channels
Table A.1-1: Fixed Reference Channel for Dual-layer Beamforming
	Parameter
	Unit
	Value

	Reference channel
	
	R.1
	R.2
	R.3
	R.4
	R.5

	Channel bandwidth
	MHz
	10
	10
	10
	10
	10

	Allocated resource blocks
	
	50
	50
	50
	50
	50

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

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

	Modulation
	
	QPSK
	16QAM
	64QAM
	QPSK
	16QAM

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

	Information Bit Payload
	
	
	
	
	
	

	  For Sub-Frames 4,9 
	Bits
	4392
	12960
	28336
	3624
	11448

	  For Sub-Frames 1,6
	
	3240
	10680
	22920
	3240
	9528

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

	  For Sub-Frame 0
	Bits
	3624
	10680
	23688
	3624
	9528

	Number of Code Blocks per Sub-Frame
(see Note 4)
	
	
	
	
	
	

	  For Sub-Frames 4,9 
	
	1
	3
	5
	1
	2

	  For Sub-Frames 1,6
	
	1
	2
	4
	1
	2

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

	  For Sub-Frame 0
	
	1
	2
	4
	1
	2

	Binary Channel Bits Per Sub-Frame
	
	
	
	
	
	

	  For Sub-Frames 4,9 
	Bits
	12600
	25200
	37800
	12000
	24000

	  For Sub-Frames 1,6
	
	10292
	20584
	30876
	9892
	19784

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

	  For Sub-Frame 0
	Bits
	10332
	20664
	30996
	9840
	19680

	Max. Throughput averaged over 1 frame
	Mbps
	1.89
	5.80
	12.62
	1.74
	5.15

	UE Category
	
	1-5
	2-5
	2-5
	1-5
	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 [4]
Note 3:
as per Table 4.2-2 in TS 36.211 [4]

Note 4:   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)



A.2
DM-RS Patterns

The new UE-RS tone allocation patterns for dual-layer beamforming were agreed in RAN1#58bis meeting on the normal CP, DL subframe case[11].
The CRS and UE-RS allocation for normal CP DL subframes is shown in Figure A.2-1 (with 4 DL Tx for CRS in the figure but only one DL Tx for CRS is used for the proposed requirements).

[image: image16.emf]
Figure A.2-1 CRS and UE-RS tone map for normal CP

A possible UE-RS allocation for normal CP DwPTS subframes is shown in Figure A.2-2 (with 4 DL Tx for CRS in the figure but only one DL Tx for CRS is used for the proposed requirements).
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Figure A.2-2 CRS and UE-RS tone map for normal CP in DwPTS

The UE-RS tones are shared with code division multiplexing (across adjacent OFDM symbols) between the two users.
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