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1. Introduction

One objective of Rel-13 eD2D WI is to support UE-to-Network Relays [1]:
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)

In this contribution, we discuss necessary enhancements on discovery and measurement for UE-to-Network relay operation. 
2. Relay discovery contents
In this section, we discuss relay discovery contents that could be helpful for physical layer operation after relay discovery. 
1) Transmission resource information of relay such as T-RPT or T-RPT subset information and/or transmission resource pool (information or) index: As discussed our companion paper [2], it is desirable to separate relay UE’s transmission resources and relay UE’s reception resources in time domain and it is also desirable to allow transmission in other three preconfigured pools for OON UEs. As one possible option, relay UE’s transmission pool can be separated with reception pool. For instance, one resource pool is used for relay UE’s transmission and another resource pool is used for relay UE’s reception. In this case, relay UE’s transmission resource pool information can be delivered via relay discovery message and remote UEs can avoid relay UE’s transmission pool for transmission. 
As an another option, relay UE’s transmission resource (T-RPT or T-RPT subset information) in a pool can be indicated to the remote UE via discovery message, and then the remote UE can determine its T-RPT for transmission to avoid the relay UE’s transmission resource. 
Based on the discussion, we have the following proposal, 

Proposal 1: In relay UE’s discovery message, relay UE’s T-RPT or T-RPT subset information, and/or transmission resource pool information can be delivered via discovery message.  
2) SLSS ID: As we mentioned in our companion contribution [3], it is beneficial to prioritize relay UE’s synchronization signal in terms of latency and resource utilization. If relay UE’s SLSS ID is delivered via discovery message, the remote UE can change relay UE’s synchronization signal as a timing reference. Although relay UE’s SLSS ID can be implicitly known to the remote UE, but coincidently aligned synchronization source or discovery pool may not be distinguished and if wrong SLSS is selected for synchronization reference, delay can be increased to meet synchronization performance. 
Proposal 2: SLSS ID of relay UE can be delivered via relay discovery message.  
Discussion on Uu link quality information: In [4], status/maintenance flag is included in SA2 discovery message. This field can be used for abstracted version of Uu link quality indication if needed. If further Uu link quality is delivered via L1 discovery message as well, it is duplicated and unnecessarily complicates the UE procedure in the relay UE selection. On the other hand, Uu link quality of the relay UEs can be handled by the eNB, e.g., by triggering the relaying operation only for the UEs which are under suitable Uu link quality.
Proposal 3: Uu link quality information is not included in relay discovery message. 
3. Discovery format

In this section, we discuss discovery format for relay discovery message delivery. 
Consideration on DTC (discovery through communication)
1) Larger UE battery consumption: Since the periodicity of D2D communication is smaller than that of discovery, more battery consumption is necessary for DTC reception. In particular, relay UE may not know whether how many remote UEs are in out-coverage and when the remote UE transmits discovery message, long time monitoring of relay UE may be needed. Therefore, it is desirable to reuse PSDCH for relay UE discovery in terms of power efficiency. 
2) Larger specification impact: In Rel. 12, PSSCH is targeted to a destination group that are indicated by a group destination ID transmitted via PSCCH. To enable DTC, ID setting method should be modified or SA format or contents or discovery MAC PDU transmissions need to be re-discussed. 
Proposal 4: PSDCH is used for relay discovery. 
As discussed in [4], discovery message between group member discovery and relay discovery can be different. In addition, priority or frequency could be different between group member discovery and relay discovery. Therefore, discovery resource pools for group member discovery and relay discovery can be separated and have different periodicity. 

Proposal 5: Discovery resource pools for group member discovery and relay discovery can be separated and have different periodicity.
4. Measurement enhancements

The purpose of PC5 link measurement is the relay path (UE) selection. As discussed in [3], relay synchronization selection should be done before all else. After relay synchronization selection, if multiple relay UEs are observed, relay UE selection can be based on relay UE measurement. S-RSRP can be first consideration of relay UE measurement, but since S-RSRP is not UE-specific, abstracted link quality, in other words, SFNed link quality can only be measured. If additional PC5 link measurement is necessary for optimization, the following options can be considered,
1) Discovery (PSDCH) DMRS power measurement: In rel.12, since all discovery UE use same DMRS, UE is not distinguished by only DMRS measurement. Therefore, receiver UE should store DMRS power value after knowing discovery UE ID. Also, when DMRS power measurement is averaged across multiple discovery periods, averaging only on the same ID of the discovery message with CRC passed should be performed. In addition, since discovery is only 2RB transmission, to ensure measurement accuracy, long measurement period may be necessary. 
2) PSCCH, PSSCH DMRS power measurement: Since PSCCH has only one RB transmission, long measurement period may be necessary for PSCCH DMRS measurement similar with discovery DMRS measurement. If 6RB PSSCH is transmitted in every predetermined transmission, there is an advantage to keep the commonality with S-RSRP measurement. Since PSSCH may not be transmitted due to SLSS transmission or WAN transmission, DMRS measurement for CRC passed MAC PDU should be averaged.  
 Based on the discussion, defining additional measurement of PC5 may have larger specification and implementation impact, especially causing substantial physical layer change which was a concern raised in [5]. Therefore, the measurement other than S-RSRP should be an optional feature if introduced. 
Proposal 6: Since defining additional measurement of PC5 has larger specification and implementation impact, the additional measurement should be an optional feature.

5. Conclusion
In this contribution, we discussed enhancements on discovery and measurement to achieve the objective of UE-to-Network relay operation. Based on the discussions, the following proposals were made: 

Proposal 1: In relay UE’s discovery message, relay UE’s T-RPT or T-RPT subset information, and/or transmission resource pool information can be delivered via discovery message.  

Proposal 2: SLSS ID of relay UE can be delivered via relay discovery message.  

Proposal 3: Uu link quality information is not included in relay discovery message. 
Proposal 4: PSDCH is used for relay discovery. 

Proposal 5: Discovery resource pools for group member discovery and relay discovery can be separated and have different periodicity.

Proposal 6: Since defining additional measurement of PC5 has larger specification and implementation impact, the additional measurement should be an optional feature.
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