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1. Introduction
In RAN1#61 meeting, a way forward was proposed in [1] regarding the Un DM-RS pattern for DL timing case 3. Due to the switching period of RN, the last OFDM symbol is not available in DL timing case 3 that targets the case where the subframe boundary of Un and Uu links are globally synchronized. So the modification of DM-RS position for Macro Uu link (shown in Figure 1)  was required and following alternatives were suggested in [1].
· Alt 1: Reduced DM-RS

· Alt 2: Shifted DM-RS

This contribution provides our views on the above alternatives for the final down-selection.
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Figure 1. DM-RS pattern for Macro Uu link
2. Discussions
2.1. DM-RS pattern alternatives
The Reduced DM-RS pattern and the Shifted DM-RS pattern are depicted in Figure 2. As observed in Figure 2(a), the Reduced DM-RS pattern, unlike Macro Uu link DM-RS, just uses 1st slot DM-RS. Figure 2(b) shows that the Shifted DM-RS pattern consists of 1st slot DM-RS which is the same with the Macro Uu link DM-RS pattern and 2nd slot DM-RS which is shifted by 3 OFDM symbols from Macro Uu link DMRS.
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(a) Alt1: Reduced DM-RS (b) Alt2: Shifted DM-RS


Figure 2. DM-RS pattern alternatives for Un link
2.2. Considerations on the selection of DM-RS pattern
Impact on CSI-RS

In RAN1 61bis meeting, the CSI-RS patterns for normal CP and extended CP in Figure 3(a),(b)[2] are agreed. In case of the Reduced DM-RS, because this pattern just removes some of existing Macro Uu DM-RS, there is no additional impact on agreed CSI-RS pattern (which is decribed in Figure 3(a)). The Shifted DM-RS, as observed in Figure 2(b) and Figure 3(a), it may have some restrictions in placing CSI-RS, but this problem can be solved easily by appropriate selection of CSI-RS position. For example, if the shifted DM-RS is used for 8 CSI-RS ports case in Figure 3(a), purple region can be used to avoid the collision between CSI-RS and Shifted DM-RS. (There are more usable resources in 2 or 4 CSI-RS ports cases.) In addition, CSI-RS transmission at different timing can be configured to avoid the collision between CSI-RSs of adjacent cells. So there is nothing to choose between the Reduced DM-RS and Shifted DM-RS from the perspective of the feasibility of CSI-RS transmission.
  [image: image3.emf]
(a) Normal CP
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(b) Extended CP
Figure 3. Agreed CSI-RS pattern for FS1 and FS2
Impact on transmission rank

As the number of REs for the Shifted DM-RS is the same with the number of REs for Macro Uu DM-RS, this pattern can support maximum rank of 8. On the other hand, the number of REs for the Reduced DM-RS is reduced by 50%, so this pattern’s maximum rank is limited to 4 (spreading factor: 2 & CDM group: 2). Considering support of higher layer transmission (i.e. rank greater than 4), the Shifted DM-RS is preferred for Un DM-RS. 
Throughput performance

We provide throughput performance comparison of the Reduced DM-RS pattern and the Shifted DM-RS pattern in Figure 4. Detailed simulation assumptions are shown in Section 5. As shown in Figure 4, in general, two alternatives have similar performance in the case of 4x2 (eNB 4 Tx, RN 2Rx), but 4x4 case shows a little gap in high SNR region. In terms of the number of REs, the shifted DM-RS pattern which has more REs for DM-RS shows a little bit better performance in low SNR region. The reduced DM-RS pattern shows slight performance benefits in high SNR region. This is because more REs for DM-RS can help estimate the channel between in noisy environments, whereas more REs for data gives better peak throughput in high SNR environments. On the other hands, as mentioned in [3], when interference estimation is taken into consideration, the Shifted DM-RS (which has more REs for DM-RS) has more potential to provide additional performance gain over the Reduced DM-RS, especially when the SNR is high. Considering these points, we can conclude that the two DM-RS pattern alternatives show almost the same performance in terms of throughput.
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Figure 4. Performance comparison between alternatives
Shifted DM-RS for extended CP case

In addition to normal CP case, DM-RS pattern for extended CP should be also considered. In case of Reduced DM-RS, like normal CP case, there is no additional impact on CSI-RS described in Figure 3(b). The shifted DM-RS can be also designed without additional CSI-RS. Figure 5 shows an example of Shifted DM-RS pattern for extended CP which is described in Figure 3(b) and this example can be applied to another agreed CSI-RS pattern (which is characterized by CDM-T, OCC length =2) for TDD only.  If the Shifted DM-RS (or Reduced DM-RS) is used for normal CP case, shifted type (or reduced type) DM-RS for extended CP might be considered for providing unified solution.
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Figure 5. An example of the Shifted DM-RS pattern for extended CP
3. Conclusion
We have discussed several issues in Un downlink DM-RS pattern alternatives for DL timing case 3. There is nothing to choose between two alternatives from the perspective of the impact on CSI-RS and throughput performance, but the Shifted DM-RS has a benefit of supporting higher rank greater than 4. Considering all of the aspects mentioned above we propose the following;
Proposal: The Shifted DM-RS pattern (Alt 2) is slightly preferred between the two Un DM-RS pattern alternatives. 
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5. Simulation Parameters and Assumptions
The following are simulation parameters used for the Relay-Backhaul link level simulation evaluations.

Table 1. Simulation Parameters for Relay Backhaul link simulation
	Parameter
	Value

	Carrier Frequency
	2.0 GHz

	Bandwidth
	5MHz (25RB)

	Allocated RB size
	6 RB

	Channel Model
	LTE-ETU (uncorrelated)

	Fading Speed
	3 km/Hr

	Antenna configuration
	4 Tx eNB, 2 and 4 Rx RN

	HARQ Combining
	IR Combining

	Receiver Algorithm
	MMSE

	Feedback measurement RS
	Ideal estimation

	Scheduling + CSI feedback delay
	10ms

	Interference Estimation
	Ideal interference power estimation

	Demodulation channel estimation
	Real channel estimation

	Target block error rate
	10%

	Outer loop link adaptation
	Yes,

modified MCS to received CQI mapping according to actual long term BLER
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