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1   Introduction
In RAN1#89 meeting, RAN1 sent an LS to RAN2 about the Relay UE discovery for bandwidth limited remote UE [1]. It is said that RAN1 has discussed the support of relay UE discovery by bandwidth limited remote UEs and has identified possible enhancements for relay UE discovery and made following agreements.
	Agreement
· The following discovery design enhancements are further studied
· Multi-shot discovery transmission across bandwidth of discovery pool(s) for Relay UE
· eNB assistance signaling to allow/improve Relay UE discovery
· Association of discovery transmission and reception resources
· Narrowband definition for discovery operation including 1 PRB and 6 PRB narrowband
· FFS whether discovery enhancements can be discovery model specific
· Other design options are not precluded
Agreement
· For bandwidth limited Remote UEs, discovery enhancements to aid communication establishment for UE-to-NW relaying are beneficial

· The following enhancements are further studied

· eNB assistance signaling

· Association of discovery and communication resources

· Other design options are not precluded


Finally, RAN1 asked RAN2 to provide feedback about possibility of awareness of used discovery model at radio layers since some of the identified discovery enhancements can be discovery model specific. In this contribution, we discuss the relay discovery model and radio layer awareness. The bandwidth limited remote UE discovery problems are analyzed and the solution without discovery model awareness is also discussed in this contribution. 
2   Discussion
Overview of relay discovery model
Relay needs to perform the relay discovery procedure once it is initiated. According to TS 23.303[2], two relay discovery models are designed:
· Model A: In Model A, relay UE announces the relay discovery message periodically. The nearby remote UE monitors the relay discovery message. 
· Mode B: In Model B, remote UE announces the relay solicitation message and relay UE sends a relay response message to remote UE. Suppose multiple relay response messages are received, the remote UE should decide which relay to select.
According to TS36.300 [3], content of discovery message is transparent to Access Stratum (AS) and no distinction in AS is made for sidelink discovery models [2]. However higher layer informs whether the sidelink discovery message is related to public safety or non-Public safety discovery. Higher layer also informs whether the discovery announcement/monitoring is related to ProSe UE-to-Network Relay discovery or other public safety discovery. In addition, it was agreed in RAN2#91bis that the eNB is not made aware whether model A or model B discovery is being performed by the UE. 
Observation 1: AS layer is only aware whether the discovery announcement/monitoring is related to relay discovery or not. However, AS is not aware which discovery model is used for the relay discovery. 
From the perspective of remote UE, model A requires the remote UE’s AS layer to monitor the relay discovery announcement message whereas model B requires the remote UE’s AS layer to not only announce but also monitor the relay discovery relevant message. Based on this observation, it seems that remote UE’s AS layer may differentiate whether model A or model B is used based on relay discovery announcement/monitoring required from upper layer. However, this is only valid with the assumption that only one relay discovery model is used by remote UE for a given time. We think it is better to be confirmed by SA2.
Observation 2: Model A only requires the remote UE’s AS layer to monitor the relay discovery message whereas model B requires the remote UE’s AS layer to not only announce but also monitor the relay discovery message.
Proposal 1: Remote UE’s AS layer may differentiate whether model A or model B relay discovery is used based on relay discovery announcement and monitoring requirement from upper layer. However, it needs to be confirmed by SA2 if only one relay discovery model is used by a remote UE for a given time.
Analysis of the bandwidth limited remote UE discovery
R13 eMTC UE is the bandwidth reduced low complexity UE which can operate in a limited channel bandwidth 1.4MHz 6 PRBs in downlink and uplink [2]. NB-IoT UE only supports 180KHz 1PRB bandwidth. We may categorize both of them as BL (Bandwidth reduced Low complexity) UEs.
The BL UE could communicate through a relay UE to the 3GPP network as shown in Figure 1. To be specific, BL UE should firstly discover nearby relay UEs, then establish the direct connection with relay UE and finally initiate the PC5 based traffic forwarding. Since the RF bandwidth of BL UE is restricted to 1.4MHz or 180KHz, the sidelink discovery and sidelink communication between BL UE and Relay UE should be restricted to 1.4MHz or 180KHz accordingly. 
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Figure 1 Illustration of indirect 3GPP connection via a relay UE
As shown in Figure 1, the BL UE needs to monitor the sidelink reception resource pool to receive the discovery message and sidelink communication data packets from relay UE. Due to the Rx RF bandwidth limitation, the BL UE could only monitor the bandwidth limited sidelink reception resource pool, which means that the sidelink transmission from relay UE destined to the BL UE should also be confined within a narrowband. Suppose multiple bandwidth limited sidelink resource pools are configured, it is beneficial for the BL UE to know which bandwidth limited sidelink resource pool shall be used by the relay UE. In this way, the BL UE only needs to monitor one bandwidth limited sidelink resource pool over PC5. On the other hand, Relay UE is generally assumed to be capable of wide-bandwidth operation and could monitor all the sidelink resource pools. No matter which narrowband is used by BL UE for sidelink transmission, the Relay UE should be able to receive it.
Observation 3: Due to the Rx RF bandwidth limitation, the BL UE could only monitor the narrowband sidelink reception resource pool, which means that the sidelink transmission from relay UE targeted to the BL UE should be confined within a narrowband.
Proposal 2: It is beneficial for the BL UE to know which narrowband shall be used by the relay UE. 
It should be noted that BL remote UE could be in coverage or out of coverage whereas the relay UE should always be in coverage. For the out of coverage BL remote UE, it may only utilize the pre-configured sidelink resource pool with mode 2 resource allocation. For the in coverage BL remote UE or relay UE, it may utilize eNB configured sidelink resource pool with either mode 1 or mode 2 resource allocation. It may happen that BL remote UE and relay UE utilize different resource allocation mode and different sidelink transmission resource pool. For example, out of coverage BL remote UE tries to discover a relay UE, the BL remote UE utilize the pre-configured mode 2 sidelink transmission resource pool whereas the relay UE utilize the mode 1 sidelink transmission resource pool configured by eNB.
Observation 4: BL remote UE and relay UE may utilize different resource allocation mode and different sidelink discovery/communication transmission resource pool.
When it comes to the relay discovery, the bandwidth limited remote UE discovery procedure could be divided into the following two cases:
· Model A: In this model, the BL remote UE monitors the sidelink reception resource pool to detect the relay discovery message. Since the BL remote UE may be configured with multiple narrowband sidelink reception resource pools on different frequency domain, the BL remote UE has no idea which sidelink reception resource pool to monitor at the beginning. So it may monitor multiple narrowband reception resource pools in TDM way. It is likely that the number of pre-configured narrowband sidelink reception resource pools of remote UE is larger than the sidelink transmission resource pools configured for relay UE. In this case, even if multi-shot discovery transmission across bandwidth of discovery pool(s) of relay UE would be supported, BL remote UE may need to monitor several narrowband sidelink reception resource pools before it detects the relay discovery message from one of these narrowband sidelink reception resource pools. 
· Model B: In this model, the BL remote UE firstly announces the Relay solicitation message and then monitor the narrowband sidelink reception resource pool to detect the relay response message. To facilitate the narrowband based reception of BL remote UE, it is said that the relay UE could utilize the narrowband used by remote UE to transmit the relay response message. Or some predefined association could be established between the discovery transmission and reception resources. However, as we observed previously, BL remote UE and relay UE may utilize different sidelink discovery/communication transmission resource pools. It is hard to always enforce the association between the discovery transmission and reception resources. In this case, the remote UE needs to monitor narrowband sidelink reception resource pools one by one until it detects the relay response message from one of these narrowband sidelink reception resource pools.
As we can see, no matter model A or model B is used for relay discovery, the BL remote UE may monitor multiple narrowband sidelink reception resource pools to detect the relay discovery message. However, the relay UE may notify the BL remote UE of the narrowband sidelink reception resource pool that shall be monitored by the BL UE through the relay discovery message. In this way, the BL remote UE only needs to monitor the particular narrowband sidelink reception resource pool for the subsequent relay discovery/communication monitoring.
Observation 5: Considering the sidelink discovery transmission resource pool of BL UE and relay UE may not overlap, it is hard for the remote UE to determine the specific narrowband sidelink discovery reception pool to monitor during initial relay discovery.  
Proposal 3: It is not necessary to design discovery model specific discovery enhancement for BL remote UE. 
Proposal 4: RAN2 is recommended to send LS to RAN1 about AS is not aware which discovery model is used for the relay discovery and it is not necessary to design discovery model specific discovery enhancement for BL remote UE. 
3   Conclusion
In this contribution, we discussed the relay discovery model and radio layer awareness. The bandwidth limited remote UE discovery problems were analyzed and the solution without discovery model awareness was also discussed in this contribution.  Several observation and proposals have been outlined below for further study.
Observation 1: AS layer is only aware whether the discovery announcement/monitoring is related to relay discovery or not. However, AS is not aware which discovery model is used for the relay discovery. 
Observation 2: Model A only requires the remote UE’s AS layer to monitor the relay discovery message whereas model B requires the remote UE’s AS layer to not only announce but also monitor the relay discovery message.
Proposal 1: Remote UE’s AS layer may differentiate whether model A or model B relay discovery is used based on relay discovery announcement and monitoring requirement from upper layer. However, it needs to be confirmed by SA2 if only one relay discovery model is used by a remote UE for a given time.
Observation 3: Due to the Rx RF bandwidth limitation, the BL UE could only monitor the narrowband sidelink reception resource pool, which means that the sidelink transmission from relay UE targeted to the BL UE should be confined within a narrowband.
Proposal 2: It is beneficial for the BL UE to know which narrowband shall be used by the relay UE. 
Observation 4: BL remote UE and relay UE may utilize different resource allocation mode and different sidelink discovery/communication transmission resource pool.
Observation 5: Considering the sidelink discovery transmission resource pool of BL UE and relay UE may not overlap, it is hard for the remote UE to determine the specific narrowband sidelink discovery reception to monitor during initial relay discovery.  
Proposal 3: It is not necessary to design discovery model specific discovery enhancement for BL remote UE. 
Proposal 4: RAN2 is recommended to send LS to RAN1 about AS is not aware which discovery model is used for the relay discovery and it is not necessary to design discovery model specific discovery enhancement for BL remote UE. 
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