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1. Introduction 

An LS [1] was received from RAN1 titled “LS on dual layer beamforming”. The LS asks RAN4 to consider performance requirements that can verify UE operation with rank-1 PDSCH transmission in the presence of intra-cell and inter-cell interference.  In this contribution, we propose a possible simulation set up to evaluate performance pertaining to dual stream beamforming.        

2. Discussion
We propose to verify performance with using a scenario modeling two spatially multiplexed UEs.  Only the device under test (UE1) would be connected, while the other UE (UE2) would not have to be present except for the modeled DL signal intended for it. 

The test set up should use FRC, i.e. the UE feedback, except for HARQ feedback, would be ignored. 

2.1.  Simulated tone patterns
The new UE-RS tone allocation patterns for dual stream beamforming are still being discussed but there was an agreement on the normal CP, DL subframe case.  
The CRS and UE-RS allocation for normal CP DL subframes is shown in Figure 1 (with 4 DL Tx for CRS in the figure but only one DL Tx for CRS is used for the proposed requirements). 
[image: image1.png]



Figure 1 CRS and UE-RS tone map for normal CP
A possible UE-RS allocation for normal CP DwPTS subframes is shown in Figure 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 2 CRS and UE-RS tone map for normal CP in DwPTS
Note that the pattern shown in Figure 2 is not necessarily our proposal nor is it agreed to in RAN1. It is just presented here as a possible pattern for initial simulations.  For the final simulations for determining the requirements, the actual agreed patterns should be used. 
The UE-RS tones are shared with code division multiplexing (across adjacent OFDM symbols) between two users. 

2.2. Beamforming model

We propose to use the following set up for modeling MU-MIMO interference:
The effective channel for the user-specific signal, including the UE-RS for the given user, is defined as a product of a 2x2 MIMO matrix (assuming EPA5 profile) and a single-layer 2x1 precoder, i.e. 
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where the codebook index  j  is allocated as j = 1 for the target UE and j = 2 is for the interfering UE. 
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where 
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 randomly and independently for every subframe and each PRB. 
Note that Heff is a 2x1 matrix representing a 1x2 SIMO channel. 
The channel matrix 
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 where m is the Rx antenna index and n is the Tx antenna index.   

eNB Tx antenna correlation of 
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  is assumed, therefore the 4x4 channel correlation matrix is 
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Note that the antenna correlation matrix is similar to medium antenna correlation [2] except for the Tx and Rx correlation values being swapped. 

2.3.  Further simulation assumptions
General simulation assumptions are listed in Table 1. 
	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

	Channel BW
	10MHz

	MCS
	16QAM R=1/2

	MU-MIMO interference
	QPSK

	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 realizable channel and noise estimates with no a-priori knowledge of the channel state information

	Receiver type
	MRC spatial processing

	Channel coding
	According to Section 5.3.2 of 36.212

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

	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

	Random 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.  

	Interference
	AWGN + simulated MU-MIMO interference

	Symbols for unused PRBs
	Random QPSK

	TX EVM
	6 %

	UL ACK configuration
	Multiplexing

	Simulation length
	10000 subframes at minimum


Table 1  General simulation assumptions
Summary of considerations for the DL allocation: 

A. In subframe #0, center 6 RBs are excluded

B. In subframes #1 and #6 (DwPTS), symbol #2 (PSS) in the first slot and #5-6 (UpPTS+GP) in the second slot are excluded

C. Subframe #5 is excluded 

D. First two symbols are allocated for control (PCFICH/PHICH/PDCCH) in subframes #0-9. 
Note that the allocation in subframe #0 is consistent with the assumption that the center 6RBs are not allocated to PDSCH.  This is compliant with the following physical layer requirement [3].

“For frame structure type 2, the UE is not expected to receive PDSCH resource blocks transmitted on antenna port 5 in any subframe in which the number of OFDM symbols for PDCCH with normal CP is equal to four, nor in the two PRBs to which a pair of VRBs is mapped if either one of the two PRBs overlaps in frequency with a transmission of PBCH in the same subframe.”
2.4.   Initial simulation results
Simulations were performed to obtain initial assessment of feasibility.  

Note that in these simulations, 2x2 channel was modeled for CRS even though for the requirements, 1x2 channel is recommended in order to maintain commonality with the existing Rel8 UE-RS test case.  

The simulation results are shown in Figure 3 below. 
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Figure 3  Throughput vs. per antenna SNR
Note that the same power is assumed to be used for both the device under test (UE1) and the MU-MIMO interferer (UE2).  In figure 3, the SNR is referenced to the sum power of the UE1 signal and UE2 signal. 
3. Conclusions

Dual stream UE-RS simulations assumptions were proposed for the Rel9 requirement evaluation.  The simulation setup models MU-MIMO multiplexing of a target and an interfering user.  The beamforming model relies on the use of correlated antennas to ensure realistic interference suppression in an FRC framework where the UE feedback is not utilized in the precoder selection.  
It is recommended that RAN4 discusses the feasibility of the proposed setup (or other alternate proposals). If feasibility is established, we recommend to carry out the required simulations and to include the results in the test specification. 
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