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1. Introduction & Background
The related RAN1 agreements on relay topics which impacts the Un DM-RS design are as follows:
Un Downlink timing

· DL timing Case 1and 3 are supported

· Case 1: RN can receive the DL backhaul subframe starting from OFDM symbol m=k+1 until the end of the subframe (n=13 in case of normal CP)

· This corresponds to the case when RN switching time is longer (> cyclic prefix) and RN DL access transmit time is slightly offset with respect to DL backhaul reception time at the RN 

· Case 3: RN can receive the DL backhaul subframe starting from OFDM symbol m≥k until OFDM symbol n<13 (depending on the propagation delay and the switching time)

· This corresponds to the case when RN DL Uu transmissions is synchronized with the eNB DL transmissions

Starting symbols for R-PDCCH and R-PDSCH (Alt 1-2)

· The following are valid for DL timing Case 1, Case 2, and Case 3.

· R-PDCCH starts at symbol s1.

· (R-)PDSCH starts at symbol s2 in PRB(s) not containing R-PDCCH.

· s1 is fixed to symbol #3.

· s2 is configurable in the range m ≤ s2 ≤ 3.

· RN is informed of s2 via High-layer signaling.

Only Rank 1 is supported for R-PDCCH for a given RN
R-PDCCH multiplexing
· DL grants are always transmitted in the first slot of a subframe

· If a DL grant is transmitted in the first PRB of a given PRB pair, then an UL grant may be transmitted in the second PRB of the PRB pair

· In DM RS case, the DL grant and UL grant in a PRB pair shall be for the same RN

· No REs in such a PRB pair can be used for a different RN

· In CRS case, the DL grant and UL grant in a PRB pair can be for the same or different RNs

· Details of transmission of DL grant alone: FFS

· Details of transmission of UL grant alone: FFS

· UL grant only case (with DMRS or non-interleaving of CRS)

· UL grants are only transmitted in the second slot (never in the first slot)

· No data transmission in the first slot

· FFS in case of SPS (await any news from RAN2)

The current agreement on reference signal for Un link in RAN1#60 is as follows:

· For R-PDCCH,

· For a given RN, R-PDCCH demodulation RS type (CRS or DM-RS) shall not change dynamically nor depend on subframe type.

· Demodulate with

· In normal subframes:

· Rel-10 DM-RS when DM-RS are configured by eNB

· Otherwise Rel-8 CRS

· In MBSFN subframes, Rel-10 DM-RS

· Baseline may be modified (in relation to which OFDM symbols contain DM RS) depending on RAN4 response on the timing.
· For downlink shared data transmission on Un

· Same possibilities as for R-PDCCH
Thus, DM-RS and CRS are both included for Un data/control demodulation. DM-RS is quite useful way for TDD and FDD system. Especially for TDD system with 8 correlated antenna equipped at base station, it encourages DM-RS rather than CRS based type for data demodulation.  This contribution considers DM-RS design in normal CP configuration for Un based on the above agreement.
2. Un DM-RS design for DL timing case 3
2.1. Un R-PDSCH DM-RS Performance
Considering the last OFDM symbol cannot be used for downlink timing case 3,the UE type DM-RS at least cannot be used for Un demodulation. Two candidate DM-RS pattern are as follows: 
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Alt 1: Reduced DM-RS

Alt 2: Shifted DM-RS

Figure 1. DM-RS Pattern
Intuitively speaking, Alt 1 and 2 have similar performance considering RN is fixed and has a higher probability in LOS with donor eNB. In time-domain, the backhaul channel is less time-variant, which requires less DM-RS density in time-domain. Table 1 lists the simulation assumption for R-PDSCH BLER performance. Note that only 1Tx1Rx is considered in the simulation. For more than rank 1 transmission, similar performance results is expected considering the backhaul channel is less time-variant. And CRS is not considered in the simulation, i.e. REs for CRS are used for Un data transmission.
	Parameter
	Value

	# of eNodeB Tx antenna
	1

	# of  RN Tx antenna
	1

	BW
	10MHz

	Fs
	15.36MHz

	Subframe
	1ms

	FFT size
	1024

	CP length (us)
	73

	# of eNodeB-RN TTI OFDM number
	10

	Subcarrier spacing
	15KHz

	# of RBs per RN
	6RB

	Fast fading channel model
	R1-100559

	Channel  Estimation
	LMMSE, average in time-domain , Interpolation in freq-domain

	MCS
	64QAM-5/6

	Channel coding
	Rel-8 Turbo coding
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Figure 2: BLER and MSE performance 
Alt 2 doubled DMRS density in time domain than Alt 1, which results in almost 3dB MSE gain. Comparing the Ideal, reduced DMRS and shifted DMRS, similar required SNR for demodulation at 10% BLER can be observed. 
Alt 1 avoids DM-RS and CSI-RS collision in the 2nd slot, which provides much flexibility for CSI-RS design. Assuming the number of OFDM symbols for Un is 10, then Alt 1 saves 6 / (10*12) = 5% overhead than Alt 2.
Though UE DM-RS can be used for downlink timing case 1, it is not available due to switching time impact in downlink timing case 3. While both case 1 and case 3 in supported for TDD and FDD, it is expected to have single DM-RS pattern to avoid switching from one to another from RN perspective. This also reduce the complexity for RN design. Therefore, in general, the simpler way, i.e., Alt 1 (reduced DMRS), is proposed for Un DM-RS pattern.
2.2. Impact to CSI-RS
It is agreed in RAN1#61bis that two CSI-RS pattern is supported for Normal CP for {2,4,8} APs [8] as follows:
[image: image7.emf]
(a) 3 CSI-RS patterns
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(b) 5 CSI-RS patterns
Figure 3. CSI-RS Pattern for Normal CP for {2,4,8} APs
We think CSI-RS is important for Un link especially MBSFN is configured for backhaul tranmission. For example, no CRS is configured for Un, thus, CSI-RS could be used for accurate CQI measurement because the backhaul channel is more flat and static compared to Uu link.
Obviously, Alt-1 (1-strip) is not collided to CSI-RS. However, Alt-2 (2-strip) is collided to CSI-RS pattern. For (a) 3 Csi-RS pattern, even none of any CSI-Pattern could be used. We think Un CSI-RS is important for channel quality feedback because
In summary, we propose that

Proposal 1: Alt-1 (reduced DM-RS, 1-strip) is used for Un demodulation.

3. DM-RS Commonality for case 1 and case 3
If case 3 uses 1-strip DM-RS, then case 1 also uses 1-strip DM-RS will make the design easier when supporting both case 1 and 3. Obviously, 1-strip DM-RS leads to less overhead. When considering Un link which is a more flat and static channel, 1-strip DM-RS is also good enough for channel estimation and the simulation results [9]

 REF _Ref269376657 \n \h 
[10]

 REF _Ref269376659 \n \h 
[11] shows slight throughput gain especially in high SINR region. Thus, we propose to
Proposal 2: Use the same DM-RS pattern for case 1 and case 3

4. Conclusions
The contribution proposes
Proposal 1: Alt-1 (reduced DM-RS, 1-strip) is used for Un demodulation.
Proposal 2: Use the same DM-RS pattern for case 1 and case 3.
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Appendix
For calibration purpose, CDL models have also been proposed as in [6], which have fixed PDP and angular information, reducing model complexity. In addition, CDL models can also be applied in the link level simulation. 

both LOS and NLOS conditions of eNB-RN and RN-UE links have been given from measurement campaign [4].

· eNB-RN
Table2 Scenario eNB-RN LOS Clustered Delay Line Model (K = 7.1dB)

	Clust

No.
	Delay

(ns)
	Power

(dB)
	AoD

(degrees)
	AoA

(degrees)
	Ray power

(dB)
	Cluster ASD = 3°
	Cluster ASA= 5°
	XPR = 9dB

	1
	0
	0
	0
	0
	-0.11
	-28.9
	
	
	

	2
	55
	-12.6
	55
	79
	-25.6
	
	
	

	3
	130
	-16.6
	-65
	98
	-29.6
	
	
	

	4
	165
	-14.9
	-61
	-85
	-27.9
	
	
	

	5
	205
	-16.3
	-57
	-82
	-29.3
	
	
	

	6
	240
	-21.0
	-68
	-105
	-34.0
	
	
	

	7
	360
	-23.0
	75
	115
	-36.0
	
	
	

	8
	495
	-19.8
	67
	-108
	-32.9
	
	
	

	9
	525
	-21.0
	-74
	-111
	-34.0
	
	
	


Table 3 Scenario eNB-RN NLOS Clustered Delay Line Model

	Clust

No.
	Delay

(ns)
	Power

(dB)
	AoD

(degrees)
	AoA

(degrees)
	Ray power

(dB)
	Cluster ASD = 7°
	Cluster ASA= 8°
	XPR = 7dB

	1
	0
	-3.3
	38
	38
	-16.3
	
	
	

	2
	30
	0.0
	1
	-1
	-13.0
	
	
	

	3
	200
	-7.2
	52
	66
	-20.2
	
	
	

	4
	290
	-2.3
	26
	33
	-15.3
	
	
	

	5
	325
	-3.6
	37
	-59
	-16.6
	
	
	

	6
	350
	-2.2
	30
	41
	-15.2
	
	
	

	7
	360
	-4.1
	-39
	-47
	-17.1
	
	
	

	8
	365
	-2.5
	28
	30
	-15.5
	
	
	

	9
	385
	-9.1
	-53
	-94
	-22.1
	
	
	

	10
	420
	-1.1
	-18
	31
	-14.1
	
	
	

	11
	965
	-15.1
	-71
	-100
	-28.1
	
	
	

	12
	1150
	-17.2
	-80
	-115
	-30.2
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