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Introduction
At the RAN1 #81 meeting, the measurements for Relay UE selection were discussed. One remaining question is whether or not the Uu link quality should be signaled to out-of-coverage remote UE for Relay UE selection. According to the chairman notes of RAN1 #81, 
FFS until RAN1#82:
· Whether to provide signalling to indicate Relay UE Uu link quality to the remote UE
· If such signalling is provided, whether the usage of such information will be specified or left to Remote UE implementation. 
In this contribution, we discuss the necessity of signaling the Uu link quality to remote UE via theoretical analysis and simulation results.
Theoretical analysis of the optimal selection of Relay UE
There are two mechanisms regarding relay UE selection, one mechanism is that relay UE selection is decided by eNB, in this case, remote UE should be in coverage, the other mechanism is that relay UE selection is decided by remote UE, In this case, remote UE could be in coverage or out of coverage. In this contribution, we only discuss the relay UE selection is decided by remote Ues.
[bookmark: OLE_LINK2][bookmark: OLE_LINK3]We analyze the optimal selection of Relay UE through link capacity, since the capacity of the UE-to-NW relay link is limited by the weaker link of the backhaul (Uu) link and PC5 link as shown in the following equation:
C=min(C1,C2)
If the interference and noise are ignored, the performance in this two-hop transmission is determined by the weaker RSRP of the Uu link(called DL RSRP) and PC5 link(called D2D RSRP) as shown in the following equation:
[bookmark: OLE_LINK1][bookmark: OLE_LINK4]min(DL RSRP, D2D RSRP)
To maximize the throughput of the UE-to-NW relay link, the concerned metric is min (DL RSRP, D2D RSRP), so in order to select better relay UE, the remote UE should know both the Uu link quality(DL RSRP)and PC5 link quality(D2D RSRP).
Simulation results of different Relay UE selection scheme
[bookmark: OLE_LINK25][bookmark: OLE_LINK26]Relay selection process includes two steps, the first step is determining the range of the candidate relay UEs, and the second step is selecting a relay UE from these candidate relay UEs. According to the difference of the two steps, for the first step, one method is that the range of candidate relay UEs is all enabling Ues, and the other is that the range is enabling UEs with N1 < DL RSRP < N2 (N1 and N2 are two DL RSRP thresholds). For the second step, one method is that relay selection is only based on D2D RSRP, and the other is that relay selection is based on D2D RSRP and DL RSRP. Then four schemes are included shown as in the following table.
	
	Step1
The range of candidate relay UEs
	Step 2
Selection method  from candidate relay UEs

	Scheme I
	All enabling UEs
	Metric is D2D RSRP.
Selecting a relay UE whose metric is highest.

	Scheme II
	All enabling UEs
	[bookmark: OLE_LINK19][bookmark: OLE_LINK20]Metric is min (D2D RSRP, DL RSRP).
Selecting a relay UE whose metric is highest.

	Scheme III
	[bookmark: OLE_LINK21][bookmark: OLE_LINK22]Enabling UEs with N1 < DL RSRP < N2
	Metric is D2D RSRP.
Selecting a relay UE whose metric is highest.

	Scheme IV
	Enabling UEs with N1 < DL RSRP < N2
	Metric is min (D2D RSRP, DL RSRP).
Selecting a relay UE whose metric is highest.


Simulation results of scenario of single active cell
We simulate the above 4 schemes based on two scenarios, one scenario is based on single active cell, the other scenario is based on Option 5 partial network drop in TR 36.843.
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]Simulation scenario 1
[image: ]
Figure 1 example dropof scenario of single active cell
[bookmark: OLE_LINK11][bookmark: OLE_LINK12]The first simulation scenario is single active cell scenario. In this case, eNB is in the center of the cell as shown in Figure 1, black dots represent WAN connected UEs, blue dots represent candidate relay UEs, and red dots represent out of coverage remote UEs. In our simulation, when DL RSRP of a UE is less than a threshold (-95dBm), it is regarded as remote UE. Geographic areas are divided into three districts according to different distance from eNB.
Simulation results
[image: ][image: ]
(a) CDF of user throughput in district 1			(a) average user throughput in district 1
[image: ][image: ]
(b) CDF of user throughput in district 2                   (b) average user throughput in district 2
[image: ][image: ]
(c) CDF of user throughput in district 3        (c) average user throughput in district 3
Figure 2 remote UEs throughput performance of different district of scenario 1
[image: ]
Figure 3 the number of candidate relay UEs of 4 schemes of scenario 1
[bookmark: OLE_LINK27][bookmark: OLE_LINK28]As geographic areas are divided into three districts, the remote UEs represented by red dots are also divided into three parts. Figure 2 show the throughput performance of three different parts. Figure 3 shows the number of candidate relay UEs with 4 schemes.Form the simulation results, we can see that restricting the range of candidate relay UEs using DL RSRP can decrease the number of candidate relay UEs with good throughput performance. And we also can observe that when the distance from the eNB to a remote UE is not so far, the throughput performances of scheme II and IV are better than the performance of scheme I and III, as the distance becomes more and more large, the performance gain is decreased, and when the distance is large enough, the throughput performance of 4 schemes are similar.
So we could get a conclusion that relay selection based on both D2D RSRP and DL RSRP is more preferred than based on D2D RSRP only.
Simulation results of scenario of 9 active cells
Simulation scenario 2
[image: ]
Figure 4 example drop of scenario of 9 active cells
[bookmark: _GoBack]This scenario is based on 3GPP TR 36.843, and the detailed simulation assumptions are given in Appendix A. We simulate the above 4 schemes based on Option 5 partial network drop. Figure 4 shows an example drop of 9 active cells, three big blue dots represent active base stations, and big black dots represent inactive base stations, small black dots represent WAN connected UEs, small red dots represent candidate relay UEs, and small blue dots represent out of coverage remote UEs. According to TR 36.843, if average SINR of a UE is smaller than -6 dB over the whole system bandwidth, it is regarded as a remote UE.
Simulation results
[image: ][image: ]
(a) CDF of user throughput 		(b)average user throughput
Figure 5 throughput performances of 4 schemes of scenario 2
[image: ]
Figure 6 the number of candidate relay UEs of 4 schemes of scenario 2
Figure 5 shows the throughput performance of 4schemes of scenario of 9 active cells and Figure 6 shows the number of candidate relay UEs of 4 schemes. From the simulation results, we could see that the throughput of scheme II and IV is better than scheme I and III. So it is more preffered that Relay selection is based on boh D2D RSRP and DL RSRP compared with is based on D2D RSRP only. In addition, for scheme II and IV, restricting the range of candidate relay UEs using DL RSRP can decrease the number of candidate relay Ues with little reduction of the throughput performance, and for scheme I and III, restricting the range of candidate relay UEs using DL RSRP also can decrease number of candidate relay UEs with the throughput performance improvement.
Conclusion
In this paper we discuss the necessity of signalling the Uu link quality to remote UE via theoretical analysis and simulations. And from the simulation results, the following proposals are given:
Proposal 1: It is proposed to use both Uu link quality and PC5 link quality for Relay UE selection.
Proposal 2: It is proposed to restrict the candidate Relay UE range according to Uu link quality.
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Appendix A
	Parameter
	Value

	Layout
	Scenario 1:Single active cell
Uniform drop
Scenario 2: Option 5 with 3 North-West eNBs (9 cells)
Uniform drop
Partial network drop in 36.843

	Number Of Cellular UEs
	10 UEs/Sector

	Number of D2D UEs per sector
	50 UEs

	DL RSRP threshold
	N1 = -100dBm , N2 = -85dBm

	Channel model
	As per TR 36.843

	Fast Fading Channel
	Not modeled

	Transmit power
	23 dBm for WAN, 31 dBm for D2D

	Traffic model
	Full buffer

	WAN to D2D interference
D2D to WAN interference
	None – assumed to be on separate channels

	D2D scheduler
	Random (R-12 design) 
2 RB

	WAN scheduler
	Round robin 

	WAN power control
	P0 = -106, alpha = 1

	D2D power control
	None
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