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1
Introduction
In RAN1#61, for DL timing case 3, two DM-RS patterns were discussed. In this contribution, we characterize the performance of the two DM-RS patterns via simulations. 
2
Discussion

In RAN1#60bis, from RAN1 specification perspective, both DL timing case 1 and DL timing case 3 are supported. DL timing case 1 is designed to fully utilize all the available OFDM symbols in the DL backhaul and to provide the maximum possible DL backhaul efficiency. At the same time, it also has the least specification impact, as all the design for regular subframes can be completely reused, including the DM-RS pattern. 

On the other hand, for DL timing case 3, the last symbol of DL backhaul subframe is punctured, which makes it impossible to readily reuse the DM-RS pattern designed for regular subframes. In RAN1#61, for DL timing case 3, two alternative DM-RS patterns were presented, namely:

· Alt 1: Reduced DM-RS

· Alt 2: Shifted DM-RS
This is shown below.
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Figure 1 Illustration of the two design alternatives of DM-RS pattern for DL timing case 3
One alternative between Alt 1 and Alt 2 should be down-selected. 
Here we provide some simulation results comparing the two alternative patterns. The RN nodes are assumed to have either 2 Rx or 4 Rx antennas. Two channel models are considered, namely, PedA and TU3. Two set of performance results are presented: one with interfence estimation and the other without interference estimation.  The simulation assumptions are provided in Table 1.
Table 1: Simulation Assumptions

	Transmission Bandwidth
	5MHz

	Channel Model
	Ped-A, TU with 3 km/h

	Number of Tx antennas x number of Rx antennas
	4x2, 4x4

	Receiver Type
	Linear MMSE

	Allocation Size 
	12 RBs

	Number of Control Symbols
	3 

	Data symbols available to relay
	OFDM symbols 3 to 12.

	Number of CRS antenna ports
	4

	CQI/Precoding feedback
	Perfect feedback, for the data subband

	Precoding granularity
	3RBs

	Number of precoding/rank
	 64

	Channel Estimation
	2D MMSE with uniform doppler and delay spread. 

Tuning speed of 10 Kmph. 

Delay spread assumed to be 3 us for Ped-A and 5 us for TU.

	Interference Estimation 
	Perfect / Estimated as average covariance of received signal on pilot REs – estimated pilot signals


Figure 2 and Figure 3 show the simulation results when the RN has 2 Rx antennas and 4 Rx antennas, respectively. 
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Figure 2 RNs with 2 Rx: (left) no interference estimation; (right) with interference estimation
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Figure 3 RNs with 4 Rx: (left) no interference estimation; (right) with interference estimation

As can be seen, without interference estimation, Alt 1 of the DM-RS pattern (P1) results in similar performance to that of Alt 2 of the DM-RS pattern (P2). However, when interference estimation is enabled, Alt 2 provides noticeable performance gain over Alt 1, especially when the SNR is large. 
In RAN1#61bis, the following CSI-RS pattern was agreed for the normal CP case, which provides a reuse factor of 5 for 8 CSI-RS ports. With Alt 1 (reduced DM-RS), the DeNB has a reuse factor of 4, while with Alt 2 (shifted DM-RS), the DeNB has a reuse factor of 2. Note that, however, in heterogeneous networks, other power class cells (e.g., femto, Pico, etc.) still have the same reuse factor of 5. Thus, from system perspective, there is a still a reuse factor of 5, although Macro cells have some restrictions in the CSI-RS pattern selection.  
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Based on the above analysis, we propose to adopt Alt 2 (shifted DM-RS) for DL timing case 3.
4
Conclusions
In this contribution, we provide simulation results comparing the two design alternatives of DM-RS pattern for DL timing case 3. Based on the simulation results, we propose to adopt alternative 2 (shifted DM-RS) for DL timing case 3. It is also worth noting that alternative 2 may facilitate simpler implementation (e.g., channel estimation) due to the commonality of 2-strip DM-RS patterns with that of regular and DwPTS subframes.
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