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1 Introduction
WID of Sidelink relay (RP-210904) was agreed in RAN#91e [1]. 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. 

RAN2 made good progress in RAN2#114-e [2] and concluded stage 2 level of discovery was completed.
RAN2 understand that the L2/L3 common parts of the relay discovery and (re)selection objectives are complete at stage 2 level from RAN2 perspective.

In this contribution, we discuss remaining stage 3 issues on U2N relay discovery for L2 and L3 U2N relay, including the following aspects:
· Resource allocation for discovery pool

· UE selection between dedicated and shared pool
· Network capability differentiation on discovery (i.e., discovery “not capable” or “capable but not provided in SIB”)
· Discussion on reply of SA2 LS (S2-2104932)

2 Discussion  
2.1 Resource allocation for discovery pool
In RAN2#114-e, some enhancements on resource reselection (e.g., frequency diversity enhancement) were discussed for discovery pool in Offline#617 [3]. Due to lack of time, it was agreed it can be studied after RAN#92-e: 

Proposal 9: RAN2 agrees to postpone the discussion related to resource allocation to after RAN#92-e.  [FFS if impact from dedicated resource pool; to be revisited this meeting.]
Please note that in RAN2#114-e [2], it was agreed that both shared pool and dedicated pool are supported. Therefore, we need to discuss shared pool and dedicated pool separately.
Proposal 6 [discussion]: RAN2 agrees dedicated discovery resource pool is supported besides shared resource pool configuration, whether it is configured is based on network implementation. And PHY layer parameters and design shall reuse the Rel-16 legacy resource pool design (including resource allocation design).

For dedicated pool, it has clearly captured the Rel-16 legacy resource allocation design was reused. 

Observation 1: RAN2 has clearly agreed that dedicated pool shall reuse Rel-16 legacy resource allocation design.

Therefore, we only need to discuss shared pool. Basically, the following 4 issues were raised in Offline#617 [3]:

1) Whether discovery and data can be multiplexed in the same TB in shared pool

2) Whether shared pool can be (partially) overlapped with data pool

3) Whether to introduce frequency diversity similar to LTE discovery 

4) Whether Mode 1 RA can be used for remote UE 

For 1), we don’t think discovery and data can be multiplexed in same TB. First, transmissions with different cast-type can’t be multiplexed. Therefore, discovery at least can’t be multiplexed with unicast PC5 data. Secondly, RAN2 has agreed L2 ID design of discovery is up to SA2. Therefore, it may be different from L2 ID of broadcast transmission. As consequence, they can’t be multiplexed in same TB.

Observation 2: In shared pool, discovery can’t be multiplexed with unicast data due to different cast-type. And discovery also can’t be multiplexed with broadcast data due to different L2 ID.  
Proposal 1: RAN2 confirm that discovery and data can’t be multiplexed in same TB in shared pool
For 2), we think it is up to Network configuration and no specification is required. Note that we have the same issue in Rel-16 because shared resource pool is also used to transmit PC5-S signaling.   
For 3), we think it may bring some benefit on robust, but the performance gain should be smaller than LTE because NR resource pool has larger RB granularity (10 RB) than LTE discovery pool (2 RB). Therefore, we don’t think it is an essential issue. Furthermore, the frequency diversity enhancement has RAN1 impact while there is no RAN1 TU available for Sidelink Relay SI. Therefore, we prefer not to introduce frequency diversity enhancement for discovery pool.

For 4), we think Rel-17 signaling doesn’t support Mode 1 for remote UE which is indirectly connected to gNB in L2 N2W relay because Uu DCI 3-0 can’t be indicated to the remote UE. 
Observation 3: Rel-17 signaling doesn’t support Mode 1 resource allocation for remote UE which is indirectly connected to gNB in L2 U2N relay because Uu DCI 3-0 can’t be indicated to the remote UE.
Based on above analysis, we propose: 

Proposal 2: For shared pool, Mode 1/Mode 2 resource allocation in Rel-16 NR V2X is reused for discovery transmission with exception that Mode 1 RA can’t be used for remote UE indirectly connected to gNB in L2 U2N relay.
2.2 UE selection between dedicated and shared pool
In RAN2#114-e [2], it was agreed that both shared pool and dedicated pool are supported. And whether it is configured is based on network implementation.
Proposal 6 [discussion]: RAN2 agrees dedicated discovery resource pool is supported besides shared resource pool configuration, whether it is configured is based on network implementation. And PHY layer parameters and design shall reuse the Rel-16 legacy resource pool design (including resource allocation design).

However, one issue was raised in offline#617 [3]: how UE can select between dedicated and shared pool if both are configured by Network. It was captured in Chair notes as stage 3 issue to discuss after RAN#92-e:

RAN2 agree that the UE selection between dedicated and shared pool can be discussed as a stage 3 issue after RAN#92-e.

After carefully consideration, we think this issue should be discussed separately for Mode 1 RA and Mode 2 RA.
2.2.1 Mode 1 RA

During offline#617 [3], the following two alternatives were discussed without conclusion:

· Alt-1: Only the dedicated discovery resource pool should be used if configured by the network
· Alt-2: Up to Network scheduling (i.e., the serving cell shall provide only one SL TX resource pool used for discovery, where the TX resource pool is either dedicated or shared)
We think Alt-1 is not preferred because it may incur long discovery latency. Specifically, the dedicated pool may be configured sparsely. As a consequence, discovery will take longer if only the dedicated pool can be used.
Observation 4: If only the dedicated pool can be used, it may incur long discovery latency if the dedicated pool is configured sparsely
Alt-2 seems to be a nature choice for Mode 1 RA because Mode 1 RA is fully controlled by Network. 
Proposal 3: If both dedicated and shared pool are configured to work in Mode 1 RA, it is up to Network scheduling whether to use dedicated pool or shared pool for discovery message delivery
However, we think there is one gap: gNB can’t differentiate whether the received SR is for discovery message or data traffic, and it also doesn’t know the dedicated buffer size for discovery message. Spec change is required to fill the gap. 
Observation 5: When working under Mode 1 RA, gNB can’t differentiate whether the received SR is for discovery message or data traffic, and it also doesn’t know the dedicated buffer size for discovery message.
To resolve this issue, we think there are two alternatives:
· Alt-1: Enhance SL-BSR to differentiate buffer size for discovery and data traffic. For example, introduce a dedicated LCG for discovery message 
· Alt-2: Allow AMF to forward the discovery destination L2 ID to RAN, so that gNB can differentiate based on the SL destination L2 ID in SL-BSR
· Please note that destination L2 ID is assigned through Network policy, according to TS 23.304 [13]. 
Both solutions can work. Alt-1 has spec impact on both UE and Network while Alt-2 has spec impact only on Network. To minimize spec impact, we slightly prefer Alt-2. As it has SA2 impact, RAN2 need to send LS to SA2. 
Proposal 4: For Mode 1 RA, no spec change on BSR is required. Instead, AMF to forward the discovery destination L2 ID to RAN via NGAP message, and gNB can differentiate whether the BSR is for discovery or SL data based on the SL destination ID in SL-BSR 
Proposal 5: If Proposal 4 is agreed, RAN2 send LS to SA2 to request introducing the signaling 
2.2.2 Mode 2 RA

When both resource pool types are configured to work under Mode 2 RA, the following two alternatives were discussed in offline#617 [3] without conclusion:

· Alt-1: Only the dedicated discovery resource pool should be used if configured by the network
· Alt-2: Up to UE implementation whether to select dedicated or shared pool
Alt-1 has similar issue in Mode 1 RA. Specifically, the dedicated pool may be configured sparsely. As a consequence, discovery will take longer if only the dedicated pool can be used. Therefore, we also don’t prefer Alt-1. For Alt-2, note that it was agreed that the priority value of discovery LCH is fixed as 1. 
Proposal 8 [discussion]: RAN2 agrees to fix the priority value as 1 of sidelink discovery message in the specification.

Therefore, the LCH priority of discovery message is same irrespective of transmitting in dedicated or share pool. Then, it is nature to leave the selection to UE implementation.      
Observation 6: RAN2 agreed that the priority value of discovery LCH is fixed as 1. Therefore, the LCH priority of discovery message is same irrespective of transmitting in dedicated or share pool
Proposal 6: If both dedicated and shared pool are configured to work in Mode 2 RA, it is up to UE implementation whether to use dedicated pool or shared pool for discovery message delivery.
2.3 Network capability differentiation on discovery
In RAN2#114-e [2], multiple agreements on discovery configuration were made. However, one FFS on network capability differentiation on discovery was made:

Proposal 10: RAN2 to postpone the issue on network capability differentiation to stage 3 ASN.1 discussion.

Basically, the FFS is how UE can differentiate whether the gNB is “discovery not capable” or “discovery capable but not provided in SIB”. For this issue, we think it needs to first discuss how to provide discovery configuration in SIB, for which the following 2 alternatives were discussed also in RAN2#114-e [2]:

· Alt-1: include discovery/relay configuration in existing NR SIB12 
· Alt-2: introduce a new NR SIB to include discovery/relay configuration
Between them, we prefer Alt-2 due to below 2 justification:
1) A new SIB can decrease the impact to legacy SL UEs (i.e., UE supporting Rel-16 sidelink but not Rel-17 discovery / relay)

2) UE can quickly determine whether gNB supports discovery by checking the scheduling bit in NR SIB1
3) LTE has a dedicated SIB for discovery [4] (i.e., LTE SIB19) 
Observation 7: By introducing a new SIB for discovery/relay, it can decrease the impact to legacy SL UEs and UE can quickly determine whether gNB supports discovery by checking the scheduling bit in NR SIB1 

Proposal 7: A new NR SIB is introduced for discovery and relay configuration 
Proposal 8: On how the UE can determine whether the gNB is “discovery not capable” or “discovery capable but not provided in SIB”, UE can check the scheduling bit in NR SIB1  
Finally, it is not clear the relationship between discovery functionality and relay functionality. Our understanding is that a gNB may only support discovery but not support L2 relay. Therefore, we prefer to have one explicit bit to indicate the gNB support on L2 relay.
Proposal 9: Introduce one explicit bit in new NR SIB to indicate whether the gNB supports L2 relay 
For L3 relay, we don’t think it is necessary to introduce similar bit in NR SIB because L3 relay operation is transparent to RAN.
Observation 8: It is not necessary to introduce an explicit bit in NR SIB on the supporting of L3 relay because L3 relay operation is transparent to RAN
2.4 Discussion on reply of SA2 LS (S2-2104932)

In S2-2104932 [5], SA2 asked RAN2 6 question as copied below:
Q1) SA2 has studied the possibility to transmit metadata or application layer discovery information in the PC5 discovery message and realized that it depends on the PC5 discovery message size (as described in clause 5.2.4 of TS 23.304). SA2 would like to ask RAN2 whether there is any limitation on the size of NR PC5 discovery message as similar to LTE PC5 discovery message.
Q2) SA2 has introduced new data unit type of ARP (i.e. Address Resolution Protocol) for broadcast and groupcast mode ProSe Direct Communication (as described in clause 5.3.1 of TS 23.304), and would like to check with RAN2 whether it is supported by AS layer.
Q3) PC5 operation in EPS for Public Safety UE is documented in clause 5.11 of TS 23.304, SA2 assumed EN-DC architecture is not in scope of RAN NR_SL_enh WI and asks RAN2 to confirm this assumption.
Q4) Layer-2 UE-to-Network Relay protocol stack is documented in clause 6.1.1.7.2 of TS 23.304, SA2 understands the adaption layer over PC5 is under design by RAN2 and would like RAN2 to confirm whether it is supported or not.
Q5) For Layer-2 UE-to-Network Relay, the identified connection management states of Remote UE and UE-to-Network Relay are documented in clause 6.5.2.1.2 of TS 23.304, SA2 would like to know the possible states of Remote UE and UE-to-Network Relay as well as combinations of the states.
Q6) For Layer-2 UE-to-Network Relay, SA2 studied the trigger from Remote UE to UE-to-Network Relay in CM_IDLE to perform Service Request (as described in step 4 of clause 6.5.2.2 of TS 23.304) and would like to know whether the trigger is from AS layer or not.
We discuss them one by one.
2.4.1 Q1 
For coverage consideration, we think a limited size of NR PC5 discovery message is necessary as similar to LTE PC5 discovery message. However, different from LTE discovery, NR discovery message is carried in PSSCH in NR. Therefore, its payload size is limited by a maximum size of TB for PSSCH. In NR Rel-15, it was agreed that a max TB size of 3000 bits for PDSCH carrying RMSI/OSI/Paging [6], and finally captured as 2976 bit in TS 38.331 [9]. 
From Section 5.2.1 of TS 38.331 [9]:

NOTE:
The physical layer imposes a limit to the maximum size a SIB can take. The maximum SIB1 or SI message size is 2976 bits.

Because the maximum TBS of PSSCH is same as TBS of PDSCH [7], we think that RAN2 can assume the same value (i.e., 2976 bit) can be reused for discovery message, and it should be confirmed with RAN1 for any issue checking. 

Observation 9: In NR Rel-15, it was agreed that a max TB size of 3000 bits for PDSCH carrying RMSI/OSI/Paging, and finally captured as 2976 bit in TS 38.331.
Proposal 10: For Q1 of SA2 LS (S2-2104932), RAN2 reply that a max 2976 bit payload limited size is introduced for NR PC5 discovery message. And RAN2 send it to RAN1 for issue checking.  
2.4.2 Q2

Please note that Rel-16 V2X has defined PDCP SDU type (Section 6.3.12 of TS 38.323 [8]) to indicate whether IP or Non-IP data is sent over broadcast/groupcast DRBs. 
	Bit
	Description

	000
	IP

	001
	Non-IP

	010-111
	Reserved


Table 1: SDU Type defined in TS 38.323
Then, we have two alternatives to support ARP in PDCP:

· Alt-1: existing non-IP type to indicate the ARP data unit type as well
· Alt-2: introduce a new SDU type for discovery 

Between them, we prefer Alt-2 due to below justifications:

1) The ARP packet is supposed to be handled by the IP stack, but not for data. It is more like a control message for IP. 
2) ARP has one dedicated SDU type specified in TS 36.323 [12].
	Bit
	Description

	000
	IP

	001
	ARP

	010
	PC5 Signaling

	011
	Non-IP

	100-111
	reserved


Table 2: SDU Type defined in TS 36.323
Observation 10: The ARP packet is supposed to be handled by the IP stack, but not for data. It is more like a control message for IP. And ARP has one dedicated SDU type specified in TS 36.323
Proposal 11: For Q2 of SA2 LS (S2-2104932), RAN2 reply that ARP for broadcast and groupcast discovery message is supported in AS layer and a new SDU type (value 010) is introduced to indicate in PDCP. 

2.4.3 Q3

Please note that RAN2 agreed that cross-RAT control is not in scope for Rel-17, which is captured in Section 4.1 of TS 38.836 [10]
From Section 4.1 of TR 38.836 [10]:

Cross-RAT configuration/control of UE (Remote UE or UE-to-Network Relay UE) is not considered, i.e., eNB/ng-eNB do not control/configure an NR Remote UE and UE-to-Network Relay UE. For UE-to-Network Relay, the study focuses on unicast data traffic between the Remote UE and the Network.
Hence, EN-DC architecture is not in scope as well.
Proposal 12: For Q3 of SA2 LS (S2-2104932), RAN2 reply that EN-DC architecture is not in scope of this release as it was agreed that cross-RAT control is not in scope for Rel-17.

2.4.4 Q4

Whether to support PC5 adaptation layer has been discussed in RAN2 for a long time without consensus. In our companion contribution, we proposed not to support PC5 adaptation layer in this release [11].
2.4.5 Q5

RAN2 has agreed to support state combinations between relay UE and remote UE illustrated in Table 2:

	          Remote UE’s RRC state

Relay UE’s RRC state
	RRC_IDLE
	RRC_INACTIVE
	RRC_CONNECTED

	RRC_IDLE
	Yes
	Yes
	No

	RRC_INACTIVE
	Yes
	Yes
	No

	RRC_CONNECTED
	Yes
	Yes
	Yes


Table 3: Allowed RRC state combinations 

Proposal 13: For Q5 of SA2 LS (S2-2104932), RAN2 reply with Table 3 in this contribution. 
2.4.6 Q6

The trigger is an AS layer trigger based on the RAN2 agreement step 2 of Figure 4.5.5.1-1 in TR 38.836 [10]: 
From Section 4.5.5.1 of TR 38.836 [10]:

Step 2. The Remote UE sends the first RRC message (i.e., RRCSetupRequest) for its connection establishment with gNB via the Relay UE, using a default L2 configuration on PC5.  The gNB responds with an RRCSetup message to Remote UE. The RRCSetup delivery to the Remote UE uses the default configuration on PC5. If the Relay UE had not started in RRC_CONNECTED, it would need to do its own connection establishment upon reception of a message on the default L2 configuration on PC5. The details for Relay UE to forward the RRCSetupRequest/RRCSetup message for Remote UE at this step can be discussed in WI phase. 

Proposal 14: For Q6 of SA2 LS (S2-2104932), RAN2 reply that RAN2 understand the trigger is an AS layer trigger.
Finally, based on Proposal 10-14, we draft reply LS in [14].
3 Conclusion
In this contribution, we discuss remaining stage 3 issues of relay discovery. We have below observations:
Observation 1: RAN2 has clearly agreed that dedicated pool shall reuse Rel-16 legacy resource allocation design.

Observation 2: In shared pool, discovery can’t be multiplexed with unicast data due to different cast-type. And discovery also can’t be multiplexed with broadcast data due to different L2 ID.  

Observation 3: Rel-17 signaling doesn’t support Mode 1 resource allocation for remote UE which is indirectly connected to gNB in L2 U2N relay because Uu DCI 3-0 can’t be indicated to the remote UE.
Observation 4: If only the dedicated pool can be used, it may incur long discovery latency if the dedicated pool is configured sparsely
Observation 5: When working under Mode 1 RA, gNB can’t differentiate whether the received SR is for discovery message or data traffic, and it also doesn’t know the dedicated buffer size for discovery message.

Observation 6: RAN2 agreed that the priority value of discovery LCH is fixed as 1. Therefore, the LCH priority of discovery message is same irrespective of transmitting in dedicated or share pool

Observation 7: By introducing a new SIB for discovery/relay, it can decrease the impact to legacy SL UEs and UE can quickly determine whether gNB supports discovery by checking the scheduling bit in NR SIB1 

Observation 8: It is not necessary to introduce an explicit bit in NR SIB on the supporting of L3 relay because L3 relay operation is transparent to RAN
Observation 9: In NR Rel-15, it was agreed that a max TB size of 3000 bits for PDSCH carrying RMSI/OSI/Paging, and finally captured as 2976 bit in TS 38.331.

Observation 10: The ARP packet is supposed to be handled by the IP stack, but not for data. It is more like a control message for IP. And ARP has one dedicated SDU type specified in TS 36.323
Based on the observations, we have below proposals:

Proposal 1: RAN2 confirm that discovery and data can’t be multiplexed in same TB in shared pool
Proposal 2: For shared pool, Mode 1/Mode 2 resource allocation in Rel-16 NR V2X is reused for discovery transmission with exception that Mode 1 RA can’t be used for remote UE indirectly connected to gNB in L2 U2N relay.

Proposal 3: If both dedicated and shared pool are configured to work in Mode 1 RA, it is up to Network scheduling whether to use dedicated pool or shared pool for discovery message delivery
Proposal 4: For Mode 1 RA, no spec change on BSR is required. Instead, AMF to forward the discovery destination L2 ID to RAN via NGAP message, and gNB can differentiate whether the BSR is for discovery or SL data based on the SL destination L2 ID in SL-BSR 
Proposal 5: If Proposal 4 is agreed, RAN2 send LS to SA2 to request introducing the signaling 

Proposal 6: If both dedicated and shared pool are configured to work in Mode 2 RA, it is up to UE implementation whether to use dedicated pool or shared pool for discovery message delivery.
Proposal 7: A new NR SIB is introduced for discovery and relay configuration 

Proposal 8: On how the UE can determine whether the gNB is “discovery not capable” or “discovery capable but not provided in SIB”, UE can check the scheduling bit in NR SIB1  
Proposal 9: Introduce one explicit bit in new NR SIB to indicate whether the gNB supports L2 relay 
Proposal 10: For Q1 of SA2 LS (S2-2104932), RAN2 reply that a max 2976 bit payload limited size is introduced for NR PC5 discovery message. And RAN2 send it to RAN1 for issue checking.  
Proposal 11: For Q2 of SA2 LS (S2-2104932), RAN2 reply that ARP for broadcast and groupcast discovery message is supported in AS layer and a new SDU type (value 010) is introduced to indicate in PDCP. 

Proposal 12: For Q3 of SA2 LS (S2-2104932), RAN2 reply that EN-DC architecture is not in scope of this release as it was agreed that cross-RAT control is not in scope for Rel-17.

Proposal 13: For Q5 of SA2 LS (S2-2104932), RAN2 reply with Table 3 in this contribution. 
Proposal 14: For Q6 of SA2 LS (S2-2104932), RAN2 reply that RAN2 understand the trigger is an AS layer trigger.
And based on Proposal 10-14, we draft reply LS to SA2 LS S2-2104932 in [14].
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