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1. Introduction

DMRS pattern for Un DL timing case 3 was discussed in recent RAN1 meetings [1]. The key issue in DL timing case 3 is that the last few OFDM symbols of Un subframe cannot be received by RN and hence DMRS pattern specified in Rel-10 cannot be readily used. In previous discussions two candidates of Un DMRS patterns were proposed, as shown in Figure 1.
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 (a): Un DMRS Alt 1: reduced DMRS    (b): Un DMRS Alt 2: shifted DMRS
Figure 1: Candidate DMRS patterns for Un DL timing case 3

In this contribution, the issue is discussed with link level performance evaluations.

2. Discussion of Un DMRS pattern
In this section we discuss the issue from two aspects: Un transmission performance and the impact of CSI-RS patterns, etc.

1) Un transmission performance

A key limitation in Alt 1 is that rank-8 transmission cannot be supported in backhaul according to Rel-10 DMRS design principle, i.e., length=4 OCC cannot be used with a single stripe of DMRS. Alt 2 does not have that issue since both stripes of Rel-10 DMRS pattern are kept.

In section 3 we investigate the throughput performance of the two DMRS patterns based on link level simulation, including both fixed and mobile deployment scenarios. In Rel-10, relay deployments scenarios are only restricted to fixed scenarios. To anticipate the mobile relay support in future releases, forward compatibility of Un DMRS should also be taken into consideration, i.e. performance under mobile deployment may be considered. Details and results of simulation will be described in Section 3.

Moreover, Un DMRS will also be used for R-PDCCH demodulation, hence BLER performance of backhaul control channel is also important in choosing DMRS patterns. 

2) Impact of CSI-RS

Another concern of Un DMRS is the impact from CSI-RS in Un subframes. The CSI-RS patterns are agreed as follows (take 8-port CSI-RS in Normal CP as an example) [3]:

· Five CSI-RS patterns in Figure 2(a) are supported for Frame Structure Type 1 (FS1) and Frame Structure Type 2 (FS2)

· Three CSI-RS patterns in Figure 2(b) are supported for FS2 and optional for FS1
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 (a): CSI-RS patterns for both FS1 and FS2    (b): CSI-RS patterns for FS 2

Figure 2: CSI-RS patterns for Normal CP in Rel-10

Considering the CSI-RS multiplexing in Un subframe, DMRS Alt 1 is more suitable since it is less impacted by CSI-RS. For example, if CSI-RS has 8 ports, four CSI-RS patterns in Figure 2(a) could be used for RN (excluding the CSI-RS pattern in last 2 OFDM symbols), and CSI-RS patterns in Figure 2(b) can be used, as shown in Figure 3. Nevertheless, Un DMRS Alt 2 will restrict DMRS multiplexing in Un subframe. For example, there are only 2 CSI-RS patterns could be used in Un subframe for CSI-RS patterns in Figure 2(a); while for CSI-RS patterns in Figure 2(b), only one CSI-RS pattern could be used, as shown in Figure 4, unless some DRMS in the 2nd slot are punctured by CSI-RS. Note that in order to avoid inter-cell CSI-RS interference, three CSI-RS patterns are needed at least, unless neighbor cells’ CSI-RS are transmitted in different subframes.
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 (a)                                    (b)

Figure 3: CSI-RS patterns for reduced DMRS (Alt 1)
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(a)                                   (b)

Figure 4: CSI-RS patterns for shifted DMRS (Alt 2)

Therefore, reduced DMRS is better than shifted DMRS from the perspective of CSI-RS multiplexing.

3. Performance evaluation of Un DMRS pattern
Simulations are carried out to evaluate the throughput performance of muted and shifted Un DMRS patterns. Transmission rank is fixed: rank=1 for 2x2 antenna configuration, rank=1 or 2 for 4x4 antenna configuration. The target BLER is 10% and channel scenarios are TU and PA. Other simulation parameters are listed in Table A.1 of Appendix.

Simulation results shown in Figure 3 are based on PA, reflecting the fixed relay deployment (effective Doppler speed is 3km/h).
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(a): 2x2 antenna configuration                      (b): 4x4 antenna configuration
Figure 3: Throughput performance evaluation of PA, 3 km/h
Simulation results shown in Figure 4 are based on TU, with fixed relay (effective Doppler speed = 3km/h).
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(a): 2x2 antenna configuration                      (b): 4x4 antenna configuration
Figure 4: Throughput performance evaluation of TU, 3 km/h
It is noted from Figure 3 and Figure 4 that throughput-wise the two candidate DMRS patterns are quite similar.

Throughput performance of mobile relay is also evaluated, as shown in Figure 5. The channel scenario is TU and mobile speed of RN is 120 km/h. It is observed that the performance degradation in Alt 1 (reduced DMRS) is very significant.
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(a): 2x2 antenna configuration                      (b): 4x4 antenna configuration
Figure 5: Throughput performance evaluation of TU, 120 km/h

Therefore, if mobile Relay will be specified in later releases, shifted DMRS is better form the perspective of forward compatibility.
4. Summary

In this contribution, we discussed the pros and cons of the two DMRS patterns for Un with link level simulations In summary:
· Alt 1: reduced DMRS

· Rank is limited to 4
· No impact from Rel-10 CSI-RS.

· Alt 2: shifted DMRS

· Significant throughput benefit in mobile relay scenarios;

· Rank>4 transmission can be supported.
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Appendix

Table A.1: Un PDSCH simulation parameters

	Configurations
	Values

	Carrier frequency (GHz)
	2

	Bandwidth (MHz)
	10 (sub-carrier num = 50)

	Antenna configuration
	2x2, 4x4

	Frame structure
	LTE R8 FDD Normal CP

	Transmission Mode
	Close-loop spatial multiplexing (Rel-8 Codebook)

	CQI/PMI feedback
	5 ms feedback delay (sub-band PMI)

	Transmission rank
	Rank 1 / Rank 2 (rank adaptation disabled)

	RN deployment
	Fixed (3km/h) and mobile (120km/h)

	PDCCH/R-PDSCH/GAP
	3/10/1 OFDM symbols

	Allocated PRB numbers
	6 (contiguous allocation)

	Frequency scheduling
	Disabled

	Channel coding and rate

matching
	Same as Rel-8 PDSCH

	Receiver type
	MMSE

	DMRS channel estimation
	2D-MMSE
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