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1 Introduction
At the RAN#66 meeting, a WID to improve D2D (eD2D) was agreed [1]. In particular, it includes the following objective: 

2) Define enhancements to D2D communication to enable the following features:

a)Support the extension of network coverage using L3-based UE-to-Network Relays, including service continuity (if needed), based on Release 12 D2D communication, considering applicability to voice, video. [RAN2, RAN1, RAN3]. (RAN3 involvement pending on progress in the other groups)
At RAN1 #80bis meeting, UE selection rules were discussed, however no agreement was reached. In this contribution, we discuss detailed procedure of relay UE discovery and general principles for relay UE selection.
2 UE-to-Network Relay scenarios
Per the related discussion in RAN2 and requirement for UE-to-network relay in SA working groups, relay UE should provide relay services for both in coverage and out of coverage D2D UEs, as illustrated in Fig.1.
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Figure 1 UE-to-network relay for in coverage and out of coverage remote UE 
OoC remote UE denotes out of coverage and relay UE1 is close to the cell edge, and can forward/receive data packets to/from OoC remote UE. The purpose of this UE-to-network relay is to extend the coverage of the network, via Sidelink transmission already specified in Rel-12. 
InC remote UE is supposed to be near the cell edge or in the coverage hole of the cell. Relay UE2 can forward/receive data packets to/from InC remote UE. The purpose of this UE-to-network relay scenario is to guarantee service continuity; InC remote UE connects to Relay UE2 in advance even through it still has a WAN connection with the network.

3 General procedure of relay UE selection and discovery

Since relay UE selection can be done in different nodes, the general procedures of relay discovery are different. 
In Figure 2, relay UE selection is decided by remote UE. After the relay discovery signal is received, remote UE would choose a relay UE from a candidate pool of relay UEs and then send a request to the selected relay UE. Then the selected relay UE wuld request relay transmission resources from eNB. 
In Figure 3, relay UE selection is decided by eNB. After the relay discovery signal is received, InC remote UE would report channel measurement of sidelinks to eNB. Based on such information eNB can choose a relay UE for remote UE and notify this decision to remote UE.
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Figure 2 Relay UE selection is decided by remote UE, when remote UE is out of coverage
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Figure 3 Relay UE selection is decided by eNB, when remote UE is in coverage
3.1 Relay UE discovery signals
Before the process of relay selection, relay UE should first transmit discovery signal that may contain ProSe relay ID for remote UE to choose candidate relay UE. A critical issue is which in coverage D2D UEs can act as relay UEs and send discovery signals for relay selection purpose. 
A reasonable method is that two Uu link RSRP/RSRQ thresholds such as N1 and N2 are configured via SIB message. In coverage D2D UE would measure Uu link periodically. When Uu link RSRP/RSRQ is between N1 and N2, the in coverage D2D UE would take the role of relay and send discovery signals. Considering D2DSS transmission is along with the relay UE discovery signal, N1 and N2 can take values{–infinity, -115 … -60 (increments of 5), +infinity }dBm as communication D2DSS transmission.  
When Uu link RSRP/RSRQ falls within the above two thresholds, a relay-capable UE should also check other conditions in the following cases, to decide whether it can transmit discovery signal for relay selection purpose. 

1) In coverage D2D UE should first send a request to eNB to become a relay UE, and eNB will decided which relay UEs can transmit relay UE discovery signal depend on backhaul uplink channel quality or relay UE mobility or relay UE power etc.

2)  In Model B discovery, a solicitation message from remote UE should be detected. Note that in this case, the discovery signal from relay UE also contains response message to remote UE.
Proposal 1: Two Uu link RSRP/RSRQ thresholds such as N1 and N2 are configured via SIB message. In coverage UE which Uu link RSRP/RSRQ is between N1 and N2 may be act as relay UEs and send relay UE discovery signals. N1 and N2 can take values {–infinity, -115 … -60 (increments of 5), +infinity } dBm.
3.2 Relay UE selection 
There two strategies regarding relay UE selection. One strategy is that relay UE selection is decided by remote UE which as shown in Fig. 2. In this case, remote UE can be in out of coverage or in coverage. The other strategy is that relay UE selection is decided by eNB as illustrated in Fig. 3. In this case, remote UE should be in coverage. 
In the case that remote UE selects a relay UE, three schemes can be considered for selection. Certainly, all of them assume that the discovery signal sent by the relay UE can be successfully decoded by the remote UE. System level simulation is carried out with detailed parameters listed in the Appendix. Fig. 4 compares the CDFs of three schemes. In the simulation, a necessary condition for an in-coverage UE to be a relay UE is that its DL RSRP falls within [-112, -80] dBm.
· Scheme 1: based on D2D RSRP and backhaul (Uu link) quality. In the simulation, the metric is min(DL RSRP, D2D RSRP). Remote UE chooses the largest metric among the candidate relay UEs.
· Scheme 2: random selection. In the simulation, remote UE randomly chooses a relay UE.
· Scheme 3: remote UE chooses a relay UE where D2D RSRP is the highest [2].

It is observed that D2D RSRP is the most relevant to relay UE selection, while random selection performs better than when Uu link quality is also counted in. The higher packet loss rate of Scheme 1 can be explained by the CDFs in Fig. A1. Basically, the performance in this two-hop transmission is primarily determined by the weaker link. In Scheme 1, PC5 link is the bottleneck whereas backhaul (Uu) link is significantly better, i.e., very low packet loss rate. Similar situation is observed in Fig. A2 where relay UEs are randomly selected. Only in Fig. A3 backhaul quality and PC5 link quality become comparable. 
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Figure 4 VoIP packet loss CDFs for different schemes for relay node selection.
In Fig. 3, InC remote UE will report information about sidelink quality via PUSCH. Based on such information, eNB can choose a relay UE for remote UE and send feedback information which contains at least the ID of the selected relay UE. 
In conclusion, the motivation of the design should be simple: to facilitate fast selection of relay and reduce the latency of discovery. Regardless whether the remote UE is in coverage or out of coverage, there is no need to for relay UE to signal the backhaul link (Uu) quality information to remote UEs. 
Furthermore, when remote UE is in out of the coverage, alternative method in [3] has timing problem. First InC UE needs to synchronize to OoC remote UE in order to receive relay request from the OoC remote UE. Then InC UE reports the relay request to eNB using cell timing. Later on, the selected relay UE by eNB sends relay UE discovery signal using cell timing to OoC remote UE and the OoC remote UE needs to be synchronized to the relay UE, and then receives relay UE discovery signal. So in this case, relay UE may need to keep two sets of timing. 
Proposal 2: Remote UE chooses a relay UE randomly or based on the best sidlelink RSRP/RSRQ.  
Proposal 3: InC remote UE can report sidelink channel quality to eNB. eNB chooses a relay UE for InC remote UE based on the report. 
4 Conclusions

In this paper we analyze the detail procedure about relay UE discovery and general principles for relay UE selection rules. We suggest the following:
Proposal 1: Two Uu link RSRP/RSRQ thresholds such as N1 and N2 are configured via SIB message. In coverage UE which Uu link RSRP/RSRQ is between N1 and N2 may be act as relay UEs and send relay UE discovery signals. N1 and N2 can take values {–infinity, -115 … -60 (increments of 5), +infinity }dBm.

Proposal 2: Remote UE chooses a relay UE randomly or based on the best sidlelink RSRP/RSRQ.  

Proposal 3: InC remote UE can report sidelink channel quality to eNB. eNB chooses a relay UE for InC remote UE based on the report. 
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Appendix
Table A1 System simulation parameters for relay-UE selection.

	· Parameter
	· Value

	Layout
	Option 5: Urban macro (1732m ISD) + 1 RRH/Indoor Hotzone per cell. Partial network drop in 36.843

	Link Direction
	Network-UE Relay

	D2D Channel model
	As per TR 36.843

	Fast Fading Channel
	Not modeled

	Number of D2D UEs per sector
	150 UEs

	Number Of Downlink Celluar UEs
	10 UEs/Sector

	Number Of Downlink Celluar UEs
	10 UEs/Sector

	Number Of Remote UEs
	50% D2D UEs  Out Of Coverage are selected as Remote UEs.

	IBE
	{3,6,3,3}

	VoIP Schduler
	Relay Receiver: semi-persistent scheduling，2PRBs，

Relay Transmission: semi-persistent scheduling，2PRBs ，3 blind Retransmissions

	Network-UE Relay Traffic model
	VoIP

	D2D Power
	31dBm

	UL WAN power control
	P0 = -80 alpha = 0.8
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Figure A1 VoIP packet loss CDFs for backhaul (Link 1), PC5 (Link 2) and total link, when Scheme 1 (metric = min(DL RSRP, D2D RSRP) is used for relay-UE selection.
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Figure A2 VoIP packet loss CDFs for backhaul (Link 1), PC5 (Link 2) and total link, when Scheme 2 (random) is used for relay-UE selection.
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Figure A3 VoIP packet loss CDFs for backhaul (Link 1), PC5 (Link 2) and total link, when Scheme 3 (best D2D RSRP) is used for relay-UE selection.


































