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1 Introduction
According to the new WID [1] of RAN #91e, R17 NR sidelink relay work item is to specify solutions to enable single-hop, sidelink-based, L2 and L3 based UE-to-Network (U2N) relaying, including study the mechanism of relay discovery for L2 and L3 relay:
	The objective of this work item is to specify solutions to enable single-hop, sidelink-based, L2 and L3 based UE-to-Network (U2N) relaying. 
[bookmark: _Hlk67323386]Work Item objectives on aspects common to both L2 and L3:
1. Specify mechanisms for U2N relay discovery and (re)selection for L3 and L2 relaying [RAN2, RAN4]
0. Re-use LTE relay discovery and (re)selection as baseline
1. Specify mechanisms for Relay and Remote UE authorization for L3 and L2 relaying [RAN3]
1. Re-use LTE as baseline
Work Item objectives specific to Layer-2 (L2) relaying:
1. Specify mechanisms for E2E, i.e. PC5 and Uu, QoS management [RAN2]:
1. Specify mechanisms for service continuity 
3. Limited to intra-gNB cases [RAN2]
1. Specify mechanisms for U2N Adaptation layer design [RAN2]
4. For bearer mapping and Remote UE identification, incl. RAN related security aspects if any
1. Specify Control Plane procedures for U2N, including RRC connection management, system information delivery, paging mechanism and access control for Remote UE [RAN2, RAN3]


In this contribution, we will further discuss the remaining issues on relay discovery for NR sidelink relaying.
2 Discussion
2.1 Resource pool for relay discovery
One remaining issue to be discussed is whether support separate or shared resource pool to differentiate discovery message in AS layer from existing SL signalling or traffic. UE need some way to find out discovery message to do proper measurement for relay selection and reselection. If RX UE can’t filter out discovery message properly from existing sidelink signalling or traffic, it will receive and decode them blindly, which will increase UE complexity.
To solve this issue, one solution is focus on MAC layer or PHY layer to differentiate discovery message if shared resource pool is used for discovery message transmission. Another solution is that introduce a separate resource pool for discovery message transmission. 
Compared with shared resource pool, separate resource pool could differentiate discovery message implicitly. In addition, separate resource pool is beneficial for discovery message transmission in terms of power saving because the UE does not need to monitor complete shared resource pool, and separate resource pool also could help to configure different power control parameters or scheme. Most importantly, a separate resource pool has no RAN1 impact. So, separate resource pool should supported for transmission of discovery message to differentiate discovery message and sidelink communication. 
[bookmark: OLE_LINK14][bookmark: OLE_LINK15]Proposal 1: Separate resource pool is supported for transmission of discovery message to differentiate discovery message and sidelink communication.
However, a disadvantage of a separate resource pool is that it can lead to resource fragmentation. Considering that further dividing the resource pool will lead to excessive resource fragmentation and decrease the effective utilization of resources, it is suggested that L2 and L3 U2N relay should share the resource pool for discovery message transmission. 
If L2 and L3 U2N relay share the resource pool for discovery message transmission, Remote UE need to distinguish whether the Relay UE provides L2 or L3 U2N relay. A simple way to solve this issue is to introduce an indication in the discovery message, indicating the relay type provided by the Relay UE.
Proposal 2: L3 and L2 relay share the resource pool for discovery message transmission and the relay type can be identified by the discovery message.
[bookmark: _GoBack]2.2 RRC_CONNECTED Remote UE
To support relay service continuity like switch between direct Uu connection and indirect Uu connection, or Remote UE communication at cell edge, Remote UE in coverage is also covered for relay discovery. At present, it has been agreed that Remote UE in IDLE/INACTIVE state is allowed to transmit/receive discovery message when RSRP of Uu interface is lower than one configured threshold by network. 
For Remote UE in CONNECTED state, the purpose for Remote UE to transmission/reception discovery message is to find a Relay UE, then switch from direct Uu connection to indirect Uu connection. Such kind of action should be always up to the serving gNB, include the gNB configures remote UE transmission/reception of discovery message. 
Proposal 3: For RRC_CONNECTED remote UE which is in coverage and connected to a gNB directly, the transmission/reception of discovery message should be indicated by the gNB.
In U2N relay, when a Remote UE is out of coverage, it is generally accepted that remote UE should rely on pre-configuration to discovery message. For the case Remote UE is connected to gNB indirectly when it is out of coverage, in L3 U2N relay, Remote UE is not visible from gNB and forwarding SIB is not feasible, so Remote UE out of coverage should always rely on pre-configuration even it is connected to gNB via relay UE. 
For L2 U2N relay, Remote UE is visible from gNB and many companies support gNB to configure remote UE with radio configuration for transmission of discovery message. The reason is that gNB is able to give better configuration for discovery and communication than pre-configuration in terms of resource utilization efficiency and improved discovery performance. But, we think this is one enhancement and we prefer to rely on pre-configuration. 
Proposal 4: For Remote UE supporting L2 UE-to-Network Relay which is out of coverage and connected to a gNB indirectly, transmission of discovery message is based on pre-configuration.
The issue of CONNECTED UE served by “non-SL-relay-Capable gNB” was discussed in RAN2 112-e meeting, and it agreed to allow L3 remote/relay UE and L2 remote UE connected with “non-SL-relay-Capable gNB” to trigger discovery with pre-configuration. But the definition of “non-SL-relay-Capable gNB” was not clear. 
In our view, a gNB that supports sidelink relaying should provide the necessary parameters/configuration for sidelink communication and relay operation (i.e. SL discovery). For a gNB which is not capable of sidelink relay, there are two possible options. One is the gNB cannot provide the parameters/configuration for sidelink communication and relay operation, another is the gNB cannot provide the parameters/configuration for relay operation, but the parameters/configuration for sidelink can still be provided. In both case, Remote UE can still transmission discovery message based on pre-configuration, it does not matter with whether the gNB provides sidelink configuration.
Proposal 5: A gNB which is not capable of sidelink relay can not provide the configuration for relay operation.
[bookmark: OLE_LINK13]2.3 overhead reduction in discovery procedure
In addition, for discovery model/procedure, it is agreed in TR 38.836 [2] that both model A and model B discovery model are supported for UE-to-Network Relay.
In LTE discovery Model B, as shown in Figure 1, the Remote UE can broadcast the solicitation message, and all the Relay UEs who receive the request message nearby will reply with a response message, which indicates whether they are suitable for relaying or not. Then, the Remote UE performs relay selection, it will select a Relay UE with the highest RSRP result between the Relay UE and Remote UE from a subset of the discovered candidate Relay UEs. The RSRP result of the the Relay UEs in the subset should exceed a configured RSRP threshold. In this way, a lots of Relay UEs feedback useless message, lead to unnecessary congestion and radio resources wasting.


Figure 1: Discovery model B procedure
Observation 1: In LTE discovery Model B, a relay is selected after the discovery procedure is finished, resulting in a large feedback signaling overhead and radio resource wasting.
The above problem in Model B of discovery procedure exists when Remote UE and Relay UE are in the same gNB or in different gNBs. In order to reduce the signaling overhead, the Relay UEs can be firstly filtered in the discovery procedure. For example, Relay UEs can decide whether to reply the Remote UE according to some criteria and some assisted information. Such assisted information can be provided by the gNB or the remote UE. As shown in Figure 2, only relay UE1 and UE3 that meet the condition will reply to the response message. In this way, if the Relay UE is not suitable for relay forwarding, it will not feedback the response message, thus reducing the signaling overhead and saving the radio resources.


Figure 2: filtering relay UE in discovery procedure
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK6]Proposal 6: In order to reduce the signaling overhead, RAN2 discusses “relay filtering during the discovery procedure” for Model B discovery mechanism.
3 Conclusion
[bookmark: OLE_LINK3][bookmark: OLE_LINK4][bookmark: OLE_LINK5][bookmark: OLE_LINK8]In this contribution we analyzed the remaining issues on discovery procedure for sidelink relaying, and made the following observation and proposal:
Proposal 1: Separate resource pool is supported for transmission of discovery message to differentiate discovery message and sidelink communication.
Proposal 2: L3 and L2 relay share the resource pool for discovery message transmission and the relay type can be identified by the discovery message.
Proposal 3: For RRC_CONNECTED remote UE which is in coverage and connected to a gNB directly, the transmission/reception of discovery message should be controlled by the gNB.
Proposal 4: For Remote UE supporting L2 UE-to-Network Relay which is out of coverage and connected to a gNB indirectly, transmission of discovery message is based on pre-configuration.
Proposal 5: A gNB which is not capable of sidelink relay can still support sidelink communication and provide sidelink configuration.
Observation 1: In LTE discovery Model B, a relay is selected after the discovery procedure is finished, resulting in a large feedback signaling overhead and radio resource wasting.
Proposal 6: In order to reduce the signaling overhead, RAN2 discusses “relay filtering during the discovery procedure” for Model B discovery mechanism.
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