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1 Introduction
WID of Sidelink relay (RP-210904) was agreed in RAN#91e [1]. In this contribution, we discuss U2N relay discovery for L2 and L3 U2N relay. The related WID objectives are summarized below.
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. 
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]

a. Re-use LTE relay discovery and (re)selection as baseline
NOTE 1: RAN requests RAN2 to strive for completion of the common parts (objective 1) by RAN#92 (June). RAN understands that RAN2 will also initially work on other aspects that have cross-group dependencies. 

2 Discussion  
2.1 General discussion

As indicated in Objective 1 and NOTE 1, RAN requests RAN2 to strive for a L2/L3 common design of discovery and (re)selection, and complete it by RAN#92. However, there are some L2 specific solutions (e.g. gNB controlled relay reselection). Following the guideline of WID, we propose that RAN2 first focus on L2/L3 common design, and L2 relay specific solution should be discussed after the common solution is finalized.
Proposal 1: For relay discovery, RAN2 first strive for a common solution for L2 and L3 relay
2.2 Discovery resource pool
In TR 38.836 [2], both separate resource pool and shared resource pool are captured to transmit discovery message:
Section 4.2 of TR 38.836
Resource pool to transmit discovery message can be either shared with or separated from resource pool for data transmission. 

It is not crystal clear whether it means both are supported or down-selection is required in WI. We think both solutions have their pros and cons in different aspects, which can be summarized in Table. 1.  
	
	Separate resource pool
	Shared resource pool

	Resource utilization efficiency
	· Less resource efficient  

· But the issue should not be significant because the resources for discovery should be quite small compared with PC5 communication
	· More resource efficient
· But the cost is that PHY mechanism may be required to avoid collision between discovery and communication, and filter discovery message in PHY 

	UE power saving
	· More power saving

· RX UE can reduce monitoring because separate pool implicitly differentiates discovery message
	· Less power saving

· Enhancement to differentiate in PHY (e.g. new SCI or reserved slot) is required if intended to improve power saving   

	Power control
	· Better power control
· Separate power saving schemes for communication and discovery (e.g. discovery can use max power while PC5 comm. is power controlled)
	· Not flexible than separate pool
· It is not likely to be enhanced because power control scheme can’t be performed per message in same resource pool   

	Measurement for relay (re)selection
	· It is easier for Remote UE to filter discovery for PC5 RSRP measurement because separate pool implicitly differentiates discovery message
	· Enhancement to differentiate in PHY (e.g. new SCI or special destination L2 ID) is required to be introduced for PC5 RSRP measurement 

	RAN1 impact
	· No RAN1 impact expected for baseline design
	· No RAN1 impact expected for baseline design

· Potential impact to introduce differentiation solution in PHY for power/measurement enhancement 

	Differentiation between unlicensed and licensed bands
	· Born to support “operator managed” and “non-operator managed” 
	· Enhancement required


Table. 1 Pros and cons comparison between separate and shared resource pool
As we can see from Table 1, separate resource pool has benefits on UE power saving, dedicated power control, RSRP measurement and allow flexibility to support “operator managed” and “non-operator managed”; while separate resource pool has benefits on resource utilization.  

Observation 1: Separate resource pool has benefits on UE power saving, dedicated power control, RSRP measurement and allow flexibility to support “operator managed” and “non-operator managed”; while shared resource pool has benefits on resource utilization.
Thus, we think it makes more sense to support both from specification perspective and leave the flexibility of which one to use to the Network. 
Proposal 2: RAN2 confirm to support both shared discovery pool and separate discovery pool. 
Then a followed question is whether one UE can be (pre)configured with both shared pool and separate pool simultaneously. We think it may work, but it will introduce more issues, e.g. priority rule of resource pool type (re)selection. And its benefit is not clear. Thus, to make it simple, we prefer that the UE can be (pre)configured to perform discovery only in one type of resource pool.  
Proposal 3: The UE is (pre)configured to perform discovery in either shared pool or separate pool (i.e. not in both simultaneously)
2.3 AS solution(s) to differentiate discovery message 
In TR 38.836 [2], a new (dedicated) LCID is introduced to differentiate discovery message from PC5 communication message in MAC:
Resource pool to transmit discovery message can be either shared with or separated from resource pool for data transmission. 

-
For both shared resource pool and separated resource pool, a new LCID is introduced for discovery message, i.e., discovery message is carried by a new SL SRB. 

-
Within separated resource pool, discovery messages are treated equally with each other during the LCP procedure.
Meanwhile, for UE power saving consideration, some companies were still proposing to introduce PHY solution (e.g. indication in SCI, dedicated destination ID) as another AS differentiation solution. 
Observation 2: Although a new (dedicated) LCID is introduced to differentiate discovery message from PC5 communication message, some companies were still proposing to introduce PHY solution (e.g. indication in SCI, dedicated destination ID) as another AS differentiation solution, for UE power saving. 
We don’t think these PHY solutions are needed:

· Solution of introducing indication in SCI: it obviously has RAN1 impact, but sidelink relay WI has no RAN1 TU allocated.

· Solution of dedicated destination ID: it will have impact on legacy PC5 groupcast and will make the system less flexible. Specifically, for group discovery, we could use the L2 ID as the identifier for the group, and the UE could perform filtering of Discovery message for that. But if we agree to use the solution of special L2 ID, it will make this approach not workable. 
Because this is the first release of sidelink relay, we prefer to focus on baseline solution. From this perspective, we think it is sufficient to identify discovery message via the dedicated LCID in MAC.
Proposal 4: Because discovery message can be identified via LCID in MAC and lack of RAN1 TU, not introduce PHY solution to differentiate discovery message for both shared and separate resource pool.
Furthermore, some companies [3] proposed some enhancements on RAN1 aspects (e.g. resource reselection) for either separate poor or shared pool. However, as we analyzed in table 1, we think Rel-16 V2X PHY design can work for discovery transmission. And the proposals in [3] can be regarded as optimization. Again, we think the first release of sidelink relay should focus on basic functionality, instead of performance optimization. Thus, we propose to confirm that no enhancements on RAN1 aspects are required in this release for both shared and separate resource pool.  
Proposal 5: Reuse Rel-16 V2X PHY for discovery transmission, i.e. enhancements on RAN1 aspects of discovery (e.g. resource reselection) are not required for both shared and separate resource pool in this release.
Another issue is whether the logical channel priority of discovery message is fixed in spec or configurable. We think configurable priority makes more sense. Please note that SA2 has agreed to specify a new signaling different from PC5-S for discovery and RAN2 agreed to introduce a new SL-SRB and LCID. And it can further help separate the radio resources management for discovery, existing SL SRB (PC5-S and/or PC5-RRC), and other communication traffic. 
Observation 3: Configurable logical channel priority of discovery message can help separate the radio resources management for discovery, existing SL SRB (PC5-S and/or PC5-RRC), and other PC5 communication message 

Thus, we propose to support it and it should be applied for both shared and separate pool.
Proposal 6: Logical channel priority of discovery message (corresponding to discovery LCID) is configurable for both shared and separate resource pool 
2.4 Protocol stack of discovery message

In TR 38.836 [2], the protocol stack of discovery message was captured in Figure 4.2-1.
Model A and model B discovery model as defined in clause 5.3.1.2 of TS 23.303 [3] are supported for UE-to-Network Relay. The protocol stack of discovery message is described in Figure 4.2-1. 
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Figure 4.2-1 Protocol Stack of Discovery Message for UE-to-Network Relay 
Please note that PDCP layer is included in protocol stack. Then, it is not clear whether ciphering and integrity protection can be performed in PDCP. First note that SA2 has agreed security protection of discovery message can be provided via 5G DDNMF at upper layers (i.e. supported via PC5 discovery protocol). Then, we think ciphering is not required because relay UE should be open for remote UE to complete at least initial connection. And we can follow LTE Prose principle that integrity protection is not performed in PDCP. On the other hand, disabling ciphering and integrity protection can reduce PDCP processing time, which is useful especially for public safety. 
Observation 4: SA2 has agreed security protection of discovery message can be provided via 5G DDNMF at upper layers (i.e. supported via PC5 discovery protocol). And disabling ciphering and integrity protection can reduce PDCP processing time.
Proposal 7: RAN2 confirms that both ciphering and integrity protection are not performed in PDCP layer for discovery message, and its security protection is provided at upper layers as in LTE ProSe (i.e. supported via PC5 discovery protocol)
2.5 Contents of discovery message
In RAN2#112-e [4], although RAN2 made multiple agreements on discovery resource pool and trigger condition, the contents of discovery message were not discussed. We think it is important to make conclusion on what essential IEs included in discovery message. 
Firstly, as discussed in our companion contribution [8], we think Cell ID of the serving cell of candidate relay UE is useful at least in below 2 cases for L2 U2N relay:

· RRC establishment: if an INACTIVE/CONNECTED L2 remote UE selects a relay served by different cell, it is required to perform HO/Resume to the cell of relay. It may trigger UE context transfer between gNB but some UE/gNB may prefer to avoid this latency by selecting an intra-gNB relay during relay reselection.  

· HO: After L2 remote UE reports relay’s PC5 RSRP and UE ID to source gNB, source gNB may not be able to distinguish whether the relay is connected to different gNB just based on its UE ID. It is especially useful for sidelink relay in Rel-17 because its service continuity support is restricted to intra-gNB only [1].
Observation 5: At least for L2 U2N relay, Cell ID of relay’s serving cell is useful to determine whether inter-gNB resume/HO is required to be followed by relay (re)selection, which is especially useful for sidelink relay in Rel-17 because its service continuity support is restricted to intra-gNB only
Secondly, we think relay’s PLMN ID is also useful for L2 relays during the relay (re)selection procedure to select a relay UE in allowed PLMNs. 

Observation 6: Relay’s PLMN ID is also useful for L2 relay during the relay (re)selection procedures to select a relay UE in allowed PLMNs. 

Although the main intention of these two IEs is for L2 relay, they are essential AS information and are also useful for L3 relay. To keep discovery message contents common, we think that relay’s serving cell ID and PLMN ID should be included in both L2 and L3 relay’s discovery message. 

Proposal 8: Include relay’s serving cell ID and PLMN ID in discovery message for both L3 and L2 relay.  
2.6 Definition of “non-SL-relay-Capable gNB”
In TR 38.836 [2], it has captured a legacy issue on “non-SL-relay-Capable gNB”, which is target for the scenario that UE has upgraded to support Rel-17 sidelink relay but gNB has not upgraded. However, its definition is still FFS:

For Relay UE of UE-to-Network Relay, 
-
The Relay UE needs to be within a minimum and a maximum Uu signal strength threshold(s) if provided by gNB before it can transmit discovery message when in RRC_IDLE or in RRC_INACTIVE state. 
-
Relay UE is allowed to transmit discovery message based on NR sidelink communication configuration provided by gNB in all RRC states. 
-
Relay UE supporting L3 UE-to-Network Relay is allowed to transmit discovery message based on at least pre-configuration when it is connected to a gNB which is not capable of sidelink relay operation, in case its serving carrier is not shared with carrier for sidelink operation. 

-
Relay UE supporting L2 UE-to-Network Relay should be always connected to a gNB which is capable of sidelink relay operation including providing configurations for transmission of discovery messages. 
For Remote UE of UE-to-Network Relay, 
-
The Remote UE in RRC_IDLE and RRC_INACTIVE state is allowed to transmit discovery message if measured signal strength of serving cell is lower than a configured threshold. 
-
Whether Remote UE in RRC_CONNECTED is allowed to transmit discovery is based on configuration provided by serving gNB. The detail of configuration provided by serving gNB can be discussed in WI phase.
-
No additional network configuration is needed for Uu measurement by Remote UE in RRC_IDLE or RRC_INACTIVE.
-
Remote UE out of coverage is always allowed to transmit discovery message based on pre-configuration while not connected with network through a Relay UE yet.
-
Remote UE supporting UE-to-Network Relay is allowed to transmit discovery message based on at least pre-configuration when it is directly connected to a gNB which is not capable of sidelink relay operation, in case its serving carrier is not shared with SL carrier. 

-
For Remote UE supporting L3 UE-to-Network Relay which is out of coverage and connected to a gNB indirectly, it is not feasible for the serving gNB to provide radio configuration to transmit discovery message.

-
For Remote UE supporting L2 UE-to-Network Relay which is out of coverage and connected to a gNB indirectly, whether it is allowed to transmit discovery message based on configuration provided by the gNB can be discussed in WI phase.
The detailed definition of a gNB which is not capable of sidelink relay operation can be left for WI phase but at least should include the case that the gNB does not provide SL relay configuration, e.g., no discovery configuration.  

For “the definition of a gNB which is not capable of sidelink relay operation”, we prefer to have a unified definition for L2 and L3 relay, although their relay UE behaviors are different. Then, our understanding for L2 and L3 relay are:

· L2 relay: It means the gNB supports both Rel-17 discovery and relay operations. And it should provide both discovery and relay related configuration in its SIB. 

· L3 relay: It means the gNB supports Rel-17 discovery operation, and provides discovery configuration in its SIB. With regarding to relay operation, it is ambiguous whether a Rel-17 L3 relay gNB supports relay operation because L3 relay operation is transparent to RAN.

With above further consideration, we think it is better to have two separate definitions:
1) “Non-SL-discovery-capable-gNB”: It means the gNB not supporting discovery operation and can be identified by whether discovery configuration is provided in SIB. The discovery behaviors defined for “SL-relay-capable-gNB” for L2 and L3 remote / relay UE in SI phase are applied to this new definition.
2) “Non-SL-L2-relay-capable-gNB”: It means the gNB not supporting L2 relay operation (but the gNB may support discovery operation). Whether to introduce this concept can be further discussed in following meeting.

Proposal 9: For both L2 and L3 relay, introduce a unified definition of “Non-SL-discovery-capable-gNB”: a gNB not supporting discovery operation which can be identified based on whether discovery configuration is absent in SIB. The discovery behaviors defined for “Non-SL-relay-capable-gNB” for L2 and L3 remote / relay UE in TR 38.836 are clarified to apply to this new definition.
2.7 Other issues
In TR 38.836 [2], we have one L2 relay specific issue captured to discuss in WI phase:

· “For Remote UE supporting L2 UE-to-Network Relay which is out of coverage and connected to a gNB indirectly, whether it is allowed to transmit discovery message based on configuration provided by the gNB can be discussed in WI phase."
As we mentioned in Proposal 1, we propose RAN2 first focus on L2/L3 common design, and L2 relay specific solution should be discussed after the common solution is finalized. Because this issue is L2 relay specific issues, we suggest RAN2 to discuss them after the common solution is finalized. 
Proposal 10: On the remaining L2 relay specific issue “For Remote UE supporting L2 UE-to-Network Relay which is out of coverage and connected to a gNB indirectly, whether it is allowed to transmit discovery message based on configuration provided by the gNB”, RAN2 discuss it after the common solution is finalized
3 Conclusion
In this contribution, we discuss relay discovery. We have below observations:
Observation 1: Separate resource pool has benefits on UE power saving, dedicated power control, RSRP measurement and allow flexibility to support “operator managed” and “non-operator managed”; while shared resource pool has benefits on resource utilization.
Observation 2: Although a new (dedicated) LCID is introduced to differentiate discovery message from PC5 communication message, some companies were still proposing to introduce PHY solution (e.g. indication in SCI, dedicated destination ID) as another AS differentiation solution, for UE power saving. 
Observation 3: Configurable logical channel priority of discovery message can help separate the radio resources management for discovery, existing SL SRB (PC5-S and/or PC5-RRC), and other PC5 communication message 

Observation 4: SA2 has agreed security protection of discovery message can be provided via 5G DDNMF at upper layers (i.e. supported via PC5 discovery protocol). And disabling ciphering and integrity protection can reduce PDCP processing time.
Observation 5: At least for L2 U2N relay, Cell ID of relay’s serving cell is useful to determine whether inter-gNB resume/HO is required to be followed by relay (re)selection, which is especially useful for sidelink relay in Rel-17 because its service continuity support is restricted to intra-gNB only
Observation 6: Relay’s PLMN ID is also useful for L2 relay during the relay (re)selection procedures to select a relay UE in allowed PLMNs. 

Based on the discussion, we have below proposals:

General discussion
Proposal 1: For relay discovery, RAN2 first strive for a common solution for L2 and L3 relay
Discovery resource pool

Proposal 2: RAN2 confirm to support both shared discovery pool and separate discovery pool. 

Proposal 3: The UE is (pre)configured to perform discovery in either shared pool or separate pool (i.e. not in both simultaneously)

Proposal 4: Because discovery message can be identified via LCID in MAC and lack of RAN1 TU, not introduce PHY solution to differentiate discovery message for both shared and separate resource pool.

Proposal 5: Reuse Rel-16 V2X PHY for discovery transmission, i.e. enhancements on RAN1 aspects of discovery (e.g. resource reselection) are not required for both shared and separate resource pool in this release.
Proposal 6: Logical channel priority of discovery message (corresponding to discovery LCID) is configurable for both shared and separate resource pool 

Protocol stacks of discovery message
Proposal 7: RAN2 confirms that both ciphering and integrity protection are not performed in PDCP layer for discovery message, and its security protection is provided at upper layers as in LTE ProSe (i.e. supported via PC5 discovery protocol)
Contents of discovery message

Proposal 8: Include relay’s serving cell ID and PLMN ID in discovery message for both L3 and L2 relay.  

Definition of “non-SL-relay-Capable gNB”

Proposal 9: For both L2 and L3 relay, introduce a unified definition of “Non-SL-discovery-capable-gNB”: a gNB not supporting discovery operation which can be identified based on whether discovery configuration is absent in SIB. The discovery behaviors defined for “Non-SL-relay-capable-gNB” for L2 and L3 remote / relay UE in TR 38.836 are clarified to apply to this new definition.
Other issues
Proposal 10: On the remaining L2 relay specific issue “For Remote UE supporting L2 UE-to-Network Relay which is out of coverage and connected to a gNB indirectly, whether it is allowed to transmit discovery message based on configuration provided by the gNB”, RAN2 discuss it after the common solution is finalized
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