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Introduction
In the RAN1#80bis meeting, the public safety discovery for partial and outside network coverage was discussed. The following agreement was agreed. 
Agreement:
· For partial and outside network coverage discovery, PSDCH transmission is supported when PSDCH resources are (pre)configured.
· Relevant discovery pool parameters are preconfigured for out of coverage operation
· Details FFS
· The transport block size on the PSDCH is 232 bits (excluding 24 CRC bits) both for in and out of coverage operation 
· Send LS to RAN2, CC: SA2, SA3, CT1 to inform them of this agreement
· Action: “Respectfully take RAN1 agreement into account in their work”
· Note: From RAN1 perspective, this doesn’t preclude a discovery payload above L1 > 232 bits

This paper discusses the relevant aspects of public safety discovery in partial coverage and outside network coverage based on the above agreement, focusing on the UE-to-NW relay discovery which is the main public safety discovery use case in Release-13 [2]. 

UE-to-NW relay discovery procedure
In [3], we discussed some high level aspects related to the UE-to-NW relay discovery. Considering the mobility of the remote UE and/or the relay UE, both relay selection and reselection need to be taken into account in the relay discovery procedure. The relay discovery can be implemented by the procedure shown in Figure 1, where the remote UE is assumed to be outside network coverage. Steps 4 and 5 are out of the scope of RAN1, thus the discussions here focus on the other steps in the procedure. 
Initial relay selection
When the remote UE isoutside network coverage, it may firstly scan for existing discovery announcement messages that are transmitted by the relay UEs.. If no such announcement messages are detected, the remote UE shall transmit the discovery solicitation message indicating a request for relay discovery.  When a Relay UE detects the solicitation message, the relay UE will reply with a response message to the remote UE. Based on the PC5 channel measurement and the decoded response or announcement messages, the remote UE may select a relay UE for relaying the signaling information to establish a UE-to-Network relay connection.. 
Relay reselection
A relay UE  will periodically transmit a discovery message (e.g., discovery announcement message) to enable remote UEs to make PC5 link quality measurements and monitor other relevant information (e.g., backhaul link status). When a remote UE detects degradation of its PC5 link (and/or the backhaul link) of the existing Relay UE, and detects a better channel quality of another Relay UE, it can trigger the relay reselection procedure.   The relay responds by transmitting a solicitation message which is similar to the initial relay selection procedure. 

Proposal-1: Relay reselection can be triggered by a remote UE in the event of degradation of the PC5 and/or backhaul links of the relay. For simplicity, the relay reselection steps are similar to the steps in initial relay selection.



Figure 1: Relay discovery procedure (including relay selection and reselection)

Discussion of some key aspects
In this section, some key aspects in the relay discovery procedure are discussed, mainly relating to the discovery resource pool configurations and channel measurements. 

Discovery resource pool configuration
For partial and outside network coverage discovery, PSDCH transmission is supported when PSDCH resources are (pre)configured. In the UE-to-Network relay discovery, the discovery solicitation message and the discovery announcement message can be transmitted through PSDCH to reduce the latency of UE-to-Network relay connection establishment. 
, There are potential half-duplex issues if the response message to the solicitation discovery message is also transmitted through PSDCH at the next discovery period.  If the remote UE continuously transmits the solicitation message, the response message sent by the relay UE may collide in the time domain with the next solicitation   message.   The remote UE may therefore not receive  the response message in time. 
To address the half-duplex issue, two options could be considered as follows.
Option-1: The discovery response message is transmitted through PSSCH in the direct communication period after the solicitation message transmission, as mentioned in [3]. 
Option-2: The discovery response message can also be transmitted through PSDCH but using different resources from the PSDCH for the solicitation message. This can be simply implemented by resource pool partitioning pre-configuration (if only a single discovery resource pool is provisioned) or by using different resource pools for solicitation message and response message if more than one resource pool can be used. 
It is to be discussed which option is used, or whether it should be left to implementation. 
Proposal-2: The discovery response message could be transmitted using different resources from the discovery solicitation message (e.g., response message over PSSCH or on PSDCH with resource pool partitioning) to avoid collisions between the solicitation and response messages. 

PC5 radio link quality measurement
From the relay discovery procedure, the channel measurement of the PC5 interface is used for Relay UE mobility management in Relay UE selection and re-selection. . S-RSRP measurement defined in Release-12 is the measurement on the DM RS of PSBCH.  S-RSRP cannot be used for PC5 channel measurement in the relay discovery procedure because the S-RSRP measurement is based on the DMRS of the PSBCH transmitted by the synchronization sources (SSs) and multiple SSs may transmit the same DMRS/PSBCH in the same resource, thus the UE can only measure the superimposed signalsfrom the combined channels. 
To support relay discovery, a new D2D radio link quality measurement needs to be defined. 
Proposal-3: The S-RSRP defined in R12 cannot be used for channel measurement in relay discovery. A new D2D radio link quality measurement needs to be defined.



[bookmark: _Ref129681832]Conclusions
In this paper, we discuss the UE-to-NW relay discovery for partial network coverage and outside network coverage. Based on the discussions, we have the following proposals.
Proposal-1: Relay reselection can be triggered by a remote UE in the event of degradation of the PC5 and/or backhaul links of the relay. For simplicity, the relay reselection steps are similar to the steps in initial relay selection. 
Proposal-2: The discovery response message could be transmitted using different resources from the discovery solicitation message (e.g., response message over PSSCH or on PSDCH with resource pool partitioning) to avoid collisions between the solicitation and response messages.
Proposal-3: The S-RSRP defined in R12 cannot be used for channel measurement in relay discovery. A new D2D radio link quality measurement needs to be defined.
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