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1. Introduction

At the RAN#67 meeting, a revised work item on Proximity service (ProSe) enhancements was approved [1]. One of the objectives for the WI is ProSe UE-to-network relay to enable network coverage extension using D2D relay. In SA, it is assumed to introduce relay discovery for relay selection [2]. During the RAN2#89bis, RAN2 has made an agreement on relay selection that is based on radio level measurement on PC5 and a LS has been sent to RAN1 [3,4].
	· For the relay discovery and relay selection both in-coverage and out-of-coverage scenarios for remote UEs can be addressed.   

· We will discuss the potential minimization of service interruption for the cases where the UE is moving from in-coverage to out-of-coverage and from out-of-coverage to in-coverage.  

· Relay UE will always be in-coverage.  The eNB at the radio level can control whether the UE can act as a relay.   FFS whether the network control is per relay UE, per cell (broadcast configuration), or both.  

Relay selection 

· The remote UE can take radio level measurements of the PC5 radio link quality.  

· For out-of-coverage, the radio level measurements can be used by the remote UE together other higher layer criteria to perform relay selection.   

· For in-coverage, it is FFS how these measurements are used (e.g. the measurements can be used by the UE to perform selection similar to out-of-coverage case, or they can be reported to the eNB).    

· FFS how reselection is handled and who performs reselection decision.  FFS if Uu link quality is required for selection/reselection purposes.

· We will send an LS to RAN1/4 to notify them of RAN2 agreement that remote UE can take radio level measurements of the PC5 radio link quality and how these measurements will be used.  RAN2 would like to ask RAN1 to assess the feasibility of performing these measurements.  


In this contribution, we discuss required measurement and related procedure for relay selection.
2. Discussion

2.1. Measurement on PC5 for Relay Selection
Regarding the RAN2 agreement to utilize radio level measurement on PC5, we consider it is essential for in coverage relay and out of coverage relay to select best relay considering each access link (between relay UE and remote UE) quality. The measurement resources would be DM-RS associated with PSBCH or relay discovery from the relay UEs. Regarding the transport channel for relay discovery, we assume PSDCH at least if the payload size for relay discovery is less than or equal to 232 bits excluding 24 bits CRC.
· Alt. 1: Using DM-RS associated with PSBCH
· Alt. 2: Using DM-RS associated with relay discovery
Alt. 1 assumes re-use of S-RSRP specified in Rel-12 where cell specific SLSS and PSBCH transmission is assumed. If S-RSRP based relay selection is specified in Rel-13, UE specific SLSS and PSBCH transmission should be supported. Measurement should be associated to the relay discovery of the same UE since NAS parameters are provided by relay discovery. In order to realize UE specific measurement, frequency orthogonalization may not applicable since frequency resource for the SLSS and PSBCH is fixed to central 6 PRB in the specification. Time orthogonalization is also not a practical way since significant portion of subframes are occupied by SLSS and PSBCH in such a case. In case of orthogonal sequence for DM-RS, SLSSID should be UE specific since DM-RS sequence associated with PSBCH is determined by SLSSID. Considering that limited numbers of DM-RS sequences are orthogonal, UE specific SLSSID may provide limited measurement accuracy for relay selection. Furthermore, if UE specific SLSSID is introduced, SLSS ID planning would also be impacted in order to avoid degradation on sidelink synchronization. Finally, in Rel-12 ProSe, an out of coverage UE may relay the SLSS/PSBCH received from its timing reference UE using the same SLSSID. Also synchronization sources even hoping away will transmit it in the same synchronization resource. Even if SLSS ID is specific for each relay UE, the measurement on PSBCH will still be interfered by the SLSS/PSBCH transmission from out of coverage UEs which are even hoping from the relay UE. Therefore, we consider that Alt.1 cannot provide sufficient accuracy for relay selection. 
Alt. 2 requires additional measurement on the DM-RS associated with relay discovery. Since relay discovery assumes UE specific resource allocation, remote UE can perform measurement per relay discovery based on the DM-RS associated with relay discovery. If type 2B resource allocation is used for relay discovery transmission, orthogonal resource allocation within a cell is expected. Considering that collision probability among relay discoveries depends on resource pool size, resource pool size would be adjusted so that sufficient measurement accuracy is achieved. If transport channel for the relay discovery is PSDCH, alternative 2 could be utilized for future proximity estimation.
For both alternatives, measurement results could be filtered in higher layer based on parameters in the relay discovery. Comparison of the two measurement options is summarized in Table I. Considering measurement accuracy and impact on sidelink synchronization, we propose to specify measurement using DM-RS associated with relay discovery for relay selection.
Table I: Comparison summary of measurement on PC5
	
	Alt. 1: DM-RS for PSBCH
	Alt. 2: DM-RS for relay discovery

	UE complexity
	· Same as Rel-12 S-RSRP
	· Additional measurement required

	Accuracy
	· Low accuracy considering that limited number of relay UEs are orthogonal and interference from other sync. source whose timing is originated from relay UE
	· High accuracy. Number of orthogonal relay UE can be adjusted by resource pool (pre)configuration

	Specification impact
	· UE specific SLSSID configuration
· Association between SLSSID and relay discovery
	· New measurement using DM-RS associated with relay discovery

	Other
	· Impact on SLSSID planning if UE specific SLSSID is configured (Rel-12 SLSSID is assumed to be cell specific)
	· Could be utilized for future proximity estimation 


Proposal 1:
Measurement using DM-RS associated with relay discovery is specified for relay selection.
If the radio link quality for relay selection is based on relay discovery, RSRP and/or RSRQ measurement is considered. If it is intra-carrier relay selection, RSRP based measurement would be appropriate similar to cell selection. RSRQ based relay selection is only meaningful for inter-carrier case. However, if the interference level is a concern, it is considered that in coverage node, i.e., relay UE and/or eNB may also experience serious interference and it is rather related to condition to transmit relay discovery from relay UE. Furthermore, assuming public safety communication, public safety D2D carrier would be typically one at least for the same public safety communication group in a given area. Even if several PS carriers are operated, relay selection among PS carriers would highly depend on higher layer criteria, e.g., prioritized PLMN or APN etc. Thus introduction of RSRQ measurement on PC5 needs more discussion on applicable scenario. Therefore, we propose to specify RSRP based measurement using DM-RS associated with relay discovery.
Proposal 2:
RSRP measurement on relay discovery is specified for relay selection.
2.2. Relay Selection Procedure

With the measurement on relay discovery, remote UE can select the relay which has sufficient access link quality among relay candidates. Considering that only the remote UE can compare multiple relay candidates considering access link quality directly, remote UE should be able to select relay UE regardless its coverage state. If remote UE performs relay selection based on measured access link quality and other higher layer criteria, it only ensures optimized access link while the best relay path from radio link perspective should have balanced link quality for both access link (between relay UE and remote UE) and backhaul link (between relay UE and eNB). Thus backhaul link quality should be also involved in the relay selection. Considering that the relay candidate is always in-coverage, it is natural to enable eNB controlled backhaul link. If the relay candidates are UE specifically configured by eNB, eNB can manage the number of relay candidates within a cell. The eNB control would be beneficial to control the collision probability among relay discoveries. This could be realized by not providing transmission resource pool configuration for relay discovery in SIB and RRC_IDLE UE shall initiate RRC connection establishment. Detailed discussion would be up to RAN2.
Proposal 3:
Relay candidate which can transmit relay discovery is UE specifically configured by eNB so that eNB can manage the number of relay candidate within a cell.
When relay candidate receives request for relay establishment from a remote UE, the relay UE would be required to send request to the network (eNB and/or core) for several reason. From physical layer perspective, resource allocation considering UE-to-network relay operation would be a major issue. In order to avoid resource overlap in time-domain between uplink transmission and sidelink transmission/reception considering half duplex constraint when the relay is in-band relay, eNB awareness of the UE which is serving relay is necessary. Therefore, we propose that eNB should be aware of UE which is serving relay. Detailed discussion is described in our companion paper [5].
Proposal 4:
eNB should be aware of UE which is serving relay in order to coordinate resource allocation for uplink and that for D2D communication for UE-to-network relay.
3. Conclusion

In this contribution, we described the design considerations on the relay discovery. Proposals are summarized below.

· Proposal 1:
Measurement using DM-RS associated with relay discovery is specified for relay selection.
· Proposal 2:
RSRP measurement on relay discovery is specified for relay selection.
· Proposal 3:
Relay candidate which can transmit relay discovery is UE specifically configured by eNB so that eNB can manage the number of relay candidate within a cell.
· Proposal 4:
eNB should be aware of UE which is serving relay in order to coordinate resource allocation for uplink and that for D2D communication for UE-to-network relay.
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Figure 1: Relay selection for UE-to-network relay
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