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1 Introduction
This contribution discusses the two alternatives of the Un DM-RS pattern for downlink timing case 3 as identified in [1]. 
2 Background

The two alternatives as identified in [1] are defined as follows: 
· 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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Figure 1
Alt 1: Reduced DM-RS (left) 



Alt 2: Shifted DM-RS (right)
3 Discussion
The reduced DM-RS pattern (Alt.1) can only support up to 4 layer transmission on Un because it only support length-2 OCC in time domain for each CDM group (following DM-RS design for normal CP). However, not supporting 5-8 layer transmission on Un in Rel.10 is not seen as a major restriction, since it is not expected that relay nodes will have 5-8 antennas. Furthermore, relays will be deployed in good spots with high LOS probability, where 2 layer transmission is anyway the maximum. If the donor eNB has more than 2 antennas they can be used for MU-MIMO transmissions to several relay nodes instead. 
Using the shifted DM-RS pattern (Alt.2), the DM-RS in OFDM symbol #9 and #10 collide with CSI-RS, whose reserved position is also in OFDM symbol #9 and #10. In that case, the shifted DM-RS pattern would have to be punctured so that the donor eNB can transmit CSI-RS in an undisturbed manner. So, in practice, the shifted DM-RS pattern in Alt.2 is actually composed of two patterns, a full and a punctured one. The relay node needs to be informed about the occurrence of CSI-RS in the donor cell so that is knows when to apply which pattern. 
3.1 Performance evaluation

It is obvious that channel and interference estimation perform better with the shifted DM-RS pattern (Alt.2) because more RS are available. Since the relay node is static, the channel as well as interference does not change fast and by averaging channel estimation over several subframes the performance degradation is not very big. With the reduced DM-RS pattern, more resource elements are available for data transmission so that the data channel has larger capacity in Alt. 1 compared to Alt.2. Both effects can be seen in the following simulation results. Simulation parameters are listed in Table 1.
	Number of Antennas
	4x2, uncorrelated antenna

	Carrier Frequency
	2.0 GHz

	System bandwidth
	5MHz

	Scheduled subcarriers
	Contiguous 12 PRBs

	(R-)PDSCH
	10 OFDM symbols

	Cell-specific RS
	4 ports

	Channel Model
	Extended Typical Urban (ETU)

	Speed
	3km/h

	Rank adaptation
	Fixed rank (1 and 2)

	Precoding
	4TX codebook based precoding

	Link adaptation
	On

	Channel estimation
	2D-MMSE filter

	Interference estimation
	DM-RS within 12 PRBs

	MIMO detection algorithm
	MMSE

	Channel Coding
	Turbo code

	HARQ
	On


Table 1 Simulation parameters
The shifted DM-RS pattern (Alt.2) shows slightly better performance in the low/moderate SNR region because of higher processing gain in time domain. The reduced DM-RS pattern (Alt 1) can achieve slightly better peak rate due to the lower pilots overhead. These effects can be observed for rank 1 (see Figure 2) as well as for rank 2 transmissions (see Figure 3). 
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Alt.1: Reduced DM-RS

Alt.2: Shifted DM-RS


Figure 2 Un throughput vs. SNR (rank 1 transmission)
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Alt.1: Reduced DM-RS

Alt.2: Shifted DM-RS


Figure 3 Un throughput vs. SNR (rank 2 transmission)

Both effects nearly neutralize each other and the final throughput performance of both alternatives is nearly equal. However, the slightly better performance of the reduced DM-RS pattern seems to be more beneficial for relaying, especially when considering that RNs will be deployed in a good spot so that the Un link operates in high SNR regions. 
4 Summary & Conclusion 
Since we do not see the practical benefit of 5-8 layer transmission to a single RN on the Un link, we consider the collisions of DM-RS with CSI-RS to be more serious than the lack of 5-8 layer transmission. Furthermore, due to the slightly better throughput performance in high SNR regions, we propose to use the reduced DM-RS pattern (Alt.1) for the Un link. 
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