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1 Introduction

It has been agreed in [1] that the Case 3 of DL timing between RN and eNB is supported. In Case 3, the RN cannot receive the last OFDM symbol (i.e., Symbol #13 counting from 0 ) in the DL backhaul subframe. The DM-RS pattern for normal CP occupies the last OFDM symbol. As a result, for DL Un timing, a WF [2] was proposed during RAN1 #61 for possible progress. The WF is as given below:
· Un DM-RS pattern for DL timing case 3

· Alt 1: Reduced DM-RS

· Alt 2: Shifted DM-RS

· One alternative between Alt 1 and Alt 2 will be down-selected

· Targeting RAN1#61bis
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In this contribution, we proceed to evaluate the DM-RS channel estimation performance of Alt 1a and Alt 2. Since Alt 2 has double the number of resource elements compared to Alt 1a, in our study, we have included Alt 1b which has the same number of resource elements as Alt 1a for comparison. 

2 Discussion
The reduced DM-RS scheme (Alt 1a) only needs half the overhead of the shifted DM-RS scheme. Since the number of REs for the shared data channel in the backhaul link is reduced due to presence of the R-PDCCH as well as PDCCH, Alt 1a could be a good alternative from the perspective of reduced overhead. Note also that the reduced DM-RS pattern does not change the basic DM-RS pattern but only discards the DM-RS symbols in the second slot. However, the reduced DM-RS scheme may not be able to maintain the effectiveness of coherent demodulation for the backhaul link. In the worst case, the information carried in the second slot may not be detected correctly. During RAN 1 #61, it was agreed that UL grant will be placed in the second slot of a PRB pair (never in the first slot). When UL grant information is lost, corresponding UL data transmission such as the UL ACK/NACK feedback may not be available, hence also impacting the DL transmissions. 
The shifted DM-RS (Alt 2) scheme can address the problem of reduced resource elements for DM-RS since the number of resource elements for reference signals in the second slot is equal to that in the first slot. The overhead of the shifted DM-RS scheme is larger than the reduced DM-RS scheme, and also larger than the basic DM-RS pattern relative to the number of REs available for data transmission. Also, symbol #10 may need to be allocated to CSI-RS resulting in collision between shifted DM-RS in the second slot with CSI-RS. This could be mitigated since the CSI-RS may not be sent in each subframe. One possible solution may be to avoid sending CSI-RS in MBSFN subframes but further studies are needed to fully consider the potential performance implications.
In Figure 1, the average MSE performance of 4 ports normal DM-RS, reduced DM-RS a, reduced DM-RS b and shifted DM-RS on the DL backhaul subframe are shown for fading rate of 3km/h. The simulation scenarios and assumptions are provided in the Appendix. 
At low velocity, it can be seen that shifted DM-RS can achieve the same performance as normal DM-RS and outperform reduced DM-RS by approximately 2.5dB for low velocity; however, the loss of 12 REs from the data transmission corresponds to a loss of approximately 0.6dB, so the actual performance advantage is less than 2dB. 
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Figure 1. Channel estimation performance of 3km/h
3 Conclusions
The preliminary results in this contribution suggest that the shifted DM-RS pattern performs the best in scenarios of relevance to the backhaul link. 
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Appendix
Table A.1 Simulation Assumptions

	Parameter
	Value

	Number of Antennae
	4x1

	System bandwidth
	10MHz

	Channel Estimation
	LMMSE

	Channel Model
	CDL

	Carrier Frequency
	2.0 GHz

	Detection Algorithm
	MMSE

	Number of PRBs
	10 RBs

	UE Speed
	3km/h
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