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1. Introduction
Good progress on backhaul reference signal design as well as DL backhaul timing was achieved in recent RAN1 meetings [1-6]. In this contribution, we discuss the design of DM RS on DL backhaul subframes. 
2. DMRS Pattern for Backhaul Link
In RAN1 #60bis, it was agreed that DL backhaul timing Case 1 and Case 3 are supported. For DL timing Case 1, the relay can use the 11 OFDM symbols following the DeNB’s PDCCH OFDM symbols in each DL backhaul subframe. As a result, the Rel-10 DMRS pattern in Figure 1(a) can be directly reused on DL backhaul subframes. Moreover, a punctured Rel-10 DMRS pattern in Figure 1(b) can also be considered. 
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(a) Rel-10 pattern                                                      (b) punctured Rel-10 pattern
Figure 1:  Backhaul DM RS pattern (Rank 2) for DL timing Case 1
For DL timing Case 3, the last OFDM symbol in each backhaul subframe is not available at RN due to propagation delay and RN’s Tx/Rx switching time. Consequently, the Rel-10 DM RS pattern in Figure 1(a) cannot be directly reused. Figure 2 shows two possible backhaul DM RS patterns under consideration [6] Pattern A is a time-shifted version of the Rel-10 DM RS, while Pattern B is a punctured version. 
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(a) Pattern A: shifted                                               (b) Pattern B: punctured
Figure 2: Backhaul DM RS pattern (Rank 2) for DL timing Case 3
Obviously, rank-4 DM RS patterns on Un for DL timing Case 1 and Case 3 can be derived from the Rel-10 rank-4 DM RS patterns, following the same design principle. In the next section, we evaluate the R-PDSCH performance on Un with Pattern A and Pattern B in Figure 2, and then show our preference on Un DM RS designs for both DL timing Case 1 and Case 3.
3. Simulation results
In order to assess the performance of both backhaul DM RS patterns for R-PDSCH with DL timing Case 3, both single-tap Rayleigh channel and ETU channel are used in the link level evaluations. Since Rel-10 design only targets for stationary relay nodes, a low vehicle speed of 3km/h is assumed. The basic transmission assumption is SU-MIMO with one or two codewords. Three different ranks (i.e. 1, 2 and 4) are evaluated. 2 Rel-8 CRS ports are reserved. The R-PDSCH performance with Pattern A and Pattern B are compared at 9 MCS levels, with other detailed simulation assumptions in Appendix. Figures 3 – 6 show the performance of Pattern A and Pattern B for rank 1, 2, and 4 transmissions, respectively. It is generally observed that both patterns provide similar R-PDSCH performance. Considering that Pattern B occupies less OFDM symbols and does not affect the design of CSI-RS, our current preference is Pattern B. Further, in order to provide unified solution, it is preferred that Pattern B is used for both DL timing Case 1 and Case 3.
· Rank 1 (1x1), 2 port CRS+1 port DMRS, single-tap Rayleigh fading
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(a) rate 1/3                                                                                  (b) rate 1/2    
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(c) rate 2/3
Figure 3: Performance of rank 1 R-PDSCH transmission under single-tap Rayleigh channels

· Rank 1 (2x2), 2 port CRS+1 port DMRS, ETU
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(a) rate 1/3                                                                            (b) rate 1/2
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(c) rate 2/3

Figure 4: Performance of rank 1 R-PDSCH transmission under ETU channels
· Rank 2 (2x2), 2 port CRS+2 port DMRS, ETU
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(a) rate 1/3                                                                       (b) rate 1/2         
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(c) rate 2/3
Figure 5: Performance of rank 2 R-PDSCH transmission under ETU channels
· Rank 4 (4x4), 2 port CRS+4 port DMRS, ETU

[image: image14.emf]0 5 10 15 20 25 30

0

0.5

1

1.5

2

2.5

3

3.5

4

rank4(4Tx,4Rx),2CRS+4DMRS,SVD precoding,R=1/3,QPSK/16QAM/64QAM,ETU

SNR (dB)

throughput(bit/s/hz)

pattern A

 

 

pattern B

 

 

[image: image15.emf]0 5 10 15 20 25 30

0

1

2

3

4

5

6

rank4(4Tx,4Rx),2CRS+4DMRS,SVD precoding,R=1/2,QPSK/16QAM/64QAM,ETU

SNR (dB)

throughput(bit/s/hz)

pattern A

 

 

pattern B

 

 


(a) rate 1/3                                                                           (b)rate 1/2        
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(c)rate 2/3
Figure 6: Performance of rank 4 R-PDSCH transmission under ETU channels
4. Conclusions
In this contribution, we discuss the design of backhaul DM RS patterns for DL timing Case 1 and Case 3. Link level simulation results show the punctured Pattern B achieves the similar performance as the shifted Pattern A in Figure 2. Hence, we have the following proposal:
Proposal: Pattern B in Figure 2 is supported as the DL backhaul DM RS pattern in Rel-10 for both DL timing Case 1 and Case 3.
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6. Appendix
Table1 Simulation assumptions
	Number of Antennae
	1x1, 2x2, 4x4, uncorrelated antenna

	Carrier Frequency
	2.0 GHz

	System bandwidth
	5M

	Scheduled subcarriers
	72 (6 PRBs)

	Subframe configuration
	Backhaul subframe for DL timing Case 1 and Case 3

	CP length
	normal CP

	Channel Model
	Rayleigh fading, ETU

	Speed
	3km/h

	Rank adaptation
	Fixed rank 1, 2, 4

	Precoding
	SVD

	CQI feedback
	Perfect feedback, feedback delay 10 ms

	Link adaptation
	Off

	Channel estimation
	2D-MMSE filter

	MIMO detection algorithm
	MMSE

	Channel Coding
	Turbo code

	MCS
	QPSK, 16QAM, 64QAM

	HARQ
	on

	DL DMRS
	Pattern A (punctured), Pattern B (shifted).

OCC length-2.


Table 2: MCS levels and TB sizes for simulation
Transport block sizes for Rank 1 transmission  

	Modulation
	Coding rate

	
	1/3
	1/2
	2/3

	QPSK
	408 
	600
	808

	16QAM
	808
	1192
	1544

	64QAM
	1192
	1800
	2344


Transport block sizes for Rank 2 transmission  
	Modulation
	Coding rate

	
	1/3
	1/2
	2/3

	QPSK
	840
	1224
	1480

	16QAM
	1480
	2408
	3112

	64QAM
	 2408
	3624
	4776


Transport block sizes for Rank 4 transmission  
	Modulation
	Coding rate

	
	1/3
	1/2
	2/3

	QPSK
	680
	1032
	1224

	16QAM
	1224
	2088
	2728

	64QAM
	2088
	3122
	3880
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