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1 Introduction
Regarding the U2U relay work, RAN2#123 [1] has reached the following agreements:
	· UE in RRC_CONNECTED state can obtain UE-to-UE relay discovery parameters in dedicated discovery configuration.

· For integrated discovery DCA message, no AS criterion is needed for the relay UE to forward the response message to the source Remote UE.

· For Model B, the relay UE forwards the solicitation message only if the PC5 RSRP between the relay UE and the source remote UE is above a threshold.

· For Model B, no AS criterion is needed for the relay UE to forward the response message to the source Remote UE.

· E2E SL-SRB and E2E SL-DRB use different index(es).

· Fixed index (i.e., 0/1/2/3) are defined for E2E SL-SRB 0/1/2/3 respectively.

· Use specified PC5 RLC Channel configuration on each hop for E2E SL-SRB 0/1/2/3.

· The TX Remote UE derives the PDCP and SDAP configuration for e2e SL-DRB and provides the portion of the configuration related to RX to the RX Remote UE using E2E PC5-RRC message (similar to legacy PC5 configuration).

· The TX Remote UE derives the first hop configuration (e.g. PC5 relay RLC Channel configuration) for SL-DRB and provides to the relay UE the portion of the configuration related to RX on the first hop (i.e., Rx by the relay UE), using per-hop PC5-RRC message (similar to legacy PC5 configuration).

· The two conclusions above do not exclude the derivation involving information from gNB/preconfiguration/specified configuration.

· Split PDB is sent to the source (TX) Remote UE from the Relay UE.

· It is left to Relay UE implementation on how to split the PDB.

· The Relay UE derives the second hop configuration (e.g. PC5 relay RLC Channel configuration) for each SL-DRB.

· It is FFS how the Relay UE derives second hop configuration for SL-DRB.

· Same as L3 based U2U relay, the QoS split should be per e2e QoS flow, and RAN2 expect that the source UE will inform the Relay UE QoS flow(s) and corresponding QoS profiles.  FFS if this requires AS signalling or can be done in upper layers.

· At least PDB is sent from the source UE to the relay UE for splitting.

· The source UE sends to the Relay UE all the QoS profiles for the e2e QoS flows.

· At least for single-hop relay, use local ID instead of L2 ID as UE ID in SRAP header. 

· At least for single-hop U2U relay, two local IDs are included in SRAP header to identify source and target Remote UE respectively.  FFS impact on SRAP header.

· For single-hop U2U relay, the local ID for a particular UE is the same on both hops.

· New specified per-hop configurations are used for E2E SL-SRB 0/1/2/3 respectively.  FFS how they will be implemented in specs (e.g., if the configurations are identical the tables might be merged for different SL-SRBs). 


In this paper, we discuss the remaining FFS issues and other open issues for UE-to-UE relay design.

2 Discussion  
2.1
Remaining issues on U2U relay discovery and (re)selection

First, there is a modelling issue in cross-layer interaction regarding the remote UE or relay UE’s handling of received  U2U relay discovery message. Currently, there are two alternatives to be considered as below:

- Alt1: AS layer checks condition after receiving discovery message from upper layer. In this alternative, upper layer is not informed whether the PC5 threshold condition is met and upper layer just blindly decodes and re-generates discovery message, and forwards to AS layer. And then AS layer will check whether to transmit discovery.

- Alt2: AS layer checks condition before delivering discovery message to upper layer. In this alternative, when receiving discovery message, AS layer firstly checks whether the PC5 threshold condition is met and deliver the message to upper layer based on whether the PC5 threshold condition is met.  
It is more logical to go with Alternative 2 above, as AS layer should check the received PC5 RSRP value before even pass the received relay discovery message to the upper layer. Otherwise, it just waste processing and computing overhead in UE to generate discovery messages which are not to be sent out. Therefore, we propose:

Proposal 1
When a U2U Relay UE or U2U Remote UE is required to check PC5 RSRP measurements of incoming relay discovery message (including both model-B and integrated discovery/communication procedure), AS layer checks the PC5-RSRP value and only pass received message to upper layer if the threshold condition is satisfied.
Then, there is another open issue that whether the PC5 RSRP thresholds are to be configured as common for model-A, model-B and integrated discovery/communication cases, or configured as separate thresholds in RRC specification We do not see a real technical justification to have separated thresholds, as all those message are in SL broadcast and serve for the same purpose to determine whether a relay UE and a remote UE is in “proximity”, so common threshold shall be sufficient. Of course, relay UE and remote UE are still to be configured separately even NW may assign the same thresholds for them.
Proposal 2
For relay UE and remote UE U2U discovery configuration, a single common PC5 RSRP threshold is configured for all discovery methods (model A, model B. and integrated discovery).
Finally, regarding the relay selection and relay reselection, there is an open issue that whether the configured threshold for trigger relay selection and for trigger relay reselection should use common or separate parameter(s) in RRC signaling format design. As both serve the similar purpose, we prefer to have a common configuration.
Proposal 3
Relay selection and relay reselection share the same threshold configuration in RRC specification.
2.2
SUI reporting and mode 1 support for U2U operation

In Rel-17, U2N relay operation has been singled out in SUI procedure to have its own dedicated TxResourceReqList. More specifically, L2 U2N relay and L3 U2N relay are further differentiated with separate lists. In R18 SL U2U relay design, we think the discovery configuration can be done in a similar way, this is because RAN2 has agreed that in coverage U2U UE in RRC_CONNECTED state can obtain dedicated discovery configuration. Then, the UE need to report its U2U relay discovery destination information to the gNB. 
Proposal 4
U2U relay UE and U2U remote UE reports U2U discovery destination address in a new list in SUI message.

Regarding the U2U relay communication, we think there is no gNB involvement really needed. Local ID allocation and QoS split are to be done by relay UE itself. So we prefer to keep the L2 destination reporting included in the existing. TxResourceReqList-r16. .  Mode 1 U2U relay UE or Mode 1 U22 remote UE can reuse this list to solicit mode-1 scheduling. 
Proposal 5
U2U relay UE and U2U remote UE reports U2U relay communication destination address in the existing TxResourceReqList.
Also, in integrated discovery/communication procedure, the same L2 destination address are served as both purposes, so it needs to be include in both lists.

Proposal 6
For integrated discovery/communication procedure, DCR message destination address are included in both the new list of U2U discovery destination and legacy TxResourceReqList.
Finally, regarding different views on whether the DCR message with integrated discovery can use the dedicated discovery resource pool or not, we think that the integrated discovery/communication is of DCR message format, so it needs to use communication pool, this is because the dedicated discovery pool may have some unique TX pool characteristics optimized based on discovery message size. So, if dedicated discovery pool is configured, the communication pool is still to be used for the DCR message for integrated discovery.

Proposal 7
For integrated discovery/communication procedure, DCR message for integrated discovery shall not use dedicated discovery pool. 
2.3
PC5 Relay RLC channel configuration for E2E SL-SRBs

For this issue, RAN2#123 [1] has agreed that “New specified per-hop configurations are used for E2E SL-SRB 0/1/2/3 respectively.  FFS how they will be implemented in specs (e.g., if the configurations are identical the tables might be merged for different SL-SRBs” 
Regarding this FFS, first we think for the support of end-to-end SL-SRB, some minimum reliability requirements must be met to ensure robust delivery of end-to-end PC5-S and/or PC5-RRC signalling. Hence, we think it is beneficial to restrict that only one RLC-AM based PC5 relay RLC channel is configured for mapping SL-SRBs (0/1/2/3). 

Proposal 8
Only RLC AM mode should be used for PC5 Relay RLC channel(s) mapped to support SL-SRB 0/1/2/3.
Then, based on this proposal, it is also obvious that there is no need to have different RLC configurations because 1) End-to-end SLRB ID is indicated anyway in the SRAP header and 2) All those relay RLC channels share the same RLC mode, SN length and LCH priority. Using a common configuration can also save the LCID space in PC5 interface.
Proposal 9
One identical PC5 Relay RLC configuration is specified for all E2E SL SRBs.
2.4
SRAP handling for the first end-to-end PC5-S message

According to TS 23.304 [2], the relay discovery procedures are meant to find a path between “Source End UE User-info” and “Target End-UE User info”. L2 U2U relay discovery messages are only exchanged among “discovery” L2 addresses used for the sake of U2U relay discovery, according to SA2 reply LS [5]. Hence, L2 addresses used in relay discovery are orthogonal to the U2U relay communication L2 addresses.  
After relay discovery, the L2 remote UE)(s) has no clear way to identify this “to-be-established” end-to-end PC5 link in AS layer for Layer-2 U2U relay operation. In our understanding, the Layer-2 U2U relay UE knows the “Communication” L2 addresses of both L2 U2U Remote UEs only during the PC5 link setup procedure in each hop between remote UEs and relay UEs, as shown in Figure 3 below.
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Figure 1: L2 addresses used during the PC5 link Setup for Layer 2 UE-to-UE relay

L2 U2U relay UE may be able to correctly identify the end-to-end link with a pair of L2 addresses (i.e., <L2 ID 1, L2 ID 3> in the example of Figure 4), which are used by each respective remote UE to communicate with relay UE. Nonetheless, the source and target remote UEs do not recognize each other’s L2 address which are allocated during the PC5 hop setup, as the peer remote UE’s self-assigned source layer 2 ID has not ever been shared end-to-end. At this moment, L2 address awareness in each of the UE can be shown in Table 1 below:
	
	L2 Address 1
	L2 Address 2
	L2 Address 3

	Source Remote UE
	Yes
	Yes
	

	Relay UE
	Yes
	Yes
	Yes

	Target Remote UE
	
	Yes
	Yes


Table 1: L2 Address awareness before End-to-end link unicast link setup
Observation 1
In ProSe layer, the U2U Remote UE does not know the peer remote UE’s L2 address(es) after U2U Relay discovery and per-hop PC5-S link setup procedure. 

Due to the above deficiency of L2 ID awareness between the end UEs, this posed a problem for AS layer that if a AS layer message wants to describe a E2E link, there is no proper AS layer identifiers to identify a peer UE. What upper layer (ProSe layer) used is “User Infor ID”, but it is not desirable to expose those IDs to AS layer signalling. So, when PC5-RRC message is used to allocate the local ID(s) to remote UE, the allocated ID cannot be associated directly to “User Info ID” or “L2 address”. 

This problem can be further illustrated in the diagram below:
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Figure 2: Step-by-Step diagram of E2E link Setup 
In step 1 relay discovery procedure, Source remote UE refers the target remote UE by “User Info ID” enclosed in relay discovery messages. Then, in step 2, as explained earlier, L2 ID of the peer UEs for e2e link are not shared. So, Source remote UE does not know the target remote UE’s L2 ID even though the relay UE knows. Then in step 3, when relay UE shares the local ID of target remote UE to source remote UE, the PC5-RRC signalling will contain an ID alone without real linkage to the particular target remote UE. That will cause confusion in the source remote UE as it does not know which target remote UE the local ID is assigned to, as the multiplexing of traffic to different target remote UEs in the first hop are supported. 
Observation 2
L2 U2U remote UE has ambiguity to process the PC5-RRC signaling allocating the local IDs if there are multiple potential target remote UEs supported by the same source remote UE via the same relay UE. 

To solve this issue, RAN2 need to consider an additional constraint that at any time, there can only be up to one outstanding end-to-end PC5 link to be established between the L2 Source remote UE and L2 U2U relay UE. This assume at one time, there is only one potential target remote UE in need of local ID assignment, or other target remote UE’s local ID are already allocated and not to be changed. This constraint will apply to local ID change case, too. So, we proposed: 

Proposal 10
Limit the outstanding “pending” new local ID allocation or local ID change PC5-RRC procedure to only one between the L2 Source remote UE and L2 U2U relay UE.
However, since the end-to-end PC5 link setup if really driven by upper layer, so if the above proposal is agreed, then SA2 needs to be informed.

Proposal 11
Send an LS to inform SA2 about the constraint of “only up to one outstanding end-to-end PC5 link to be established between the L2 Source remote UE and L2 U2U relay UE”.

2.5
BEARER ID in SRAP for end-to-end DRB
In Running CR R2-2309308 [3], there is the following change regarding the field used in PC5-RRC message RRCReconfgurationSidelink
slrb-PC5-ConfigIndex

Indicates the identity of the configured sidelink DRB. In case of L2 U2U relay, value 0, 1, 2 and 3 cannot be used for the sidelink DRB identity between U2U Remote UEs.
The above change suggests that config index 0-3 can be simply removed from PC5-RRC configuration signalling. However, in NR-V2X design, there is an implicit association between slrb-PC5-ConfigIndex and slrb-Uu-ConfigIndex, which can be seen from the text in RRC spec [6] below for PC5-RRC SL DRB release procedure:
	5.8.9.1a.1.1
Sidelink DRB release conditions

For NR sidelink communication, a sidelink DRB release is initiated in the following cases:

1>
for groupcast, broadcast and unicast, if slrb-Uu-ConfigIndex (if any) of the sidelink DRB is included in sl-RadioBearerToReleaseList in sl-ConfigDedicatedNR; or




The above highlighted sentence implies that there is also a Uu SLRB config index associated with an SL DRB. It is understood that this is exactly identical 1-to-1 relationship between PC5 and Uu SLRB index in Rel-16. 

Observation 3
One-to-one mapping between slrb-PC5-ConfigIndex and slrb-Uu-ConfigIndex is assumed in Rel-16 NR SL design.

So, for end-to-end U2U relay case, if RAN2 simply disables those PC5 SLRB config index(es) in Rel-18, it will cause several related issues to be discussed:

1. Should the Uu-SLRB config index from 0 to 3 to be also disabled or has to be shifted?

2. Should the Rel-18 UE implementation have a different approach to interpretate the Uu SLRB config index for an e2e SL DRB from normal SL DRB?

3. Should the NW be aware of whether a Uu SLRB config index is to be configured for normal SL communication or U2U relay SL communication?

Those discussions may lead more specification impact for either legacy R16 spec or the new Rel-18 spec. In retrospect, the decision to rely on PC5 config index in DRB BEARER ID actually creates more problems to solve, instead of solving a simple issue. Hence, we suggest RAN2 to re-consider.
Proposal 12
RAN2 consider to reverse the agreement to reuse slrb-PC5-ConfigIndex as End-to-End DRB BEARER ID.
Instead, RAN2 could consider using SL UE’s self-selected LCID, which is generated in the procedure below as highlighted: 
	5.8.9.1.2
Actions related to transmission of RRCReconfigurationSidelink message

The UE shall set the contents of RRCReconfigurationSidelink message as follows:

1>
for each sidelink DRB that is to be released, according to clause 5.8.9.1a.1.1, due to configuration by sl-ConfigDedicatedNR, SIB12, SidelinkPreconfigNR or by upper layers:

2>
set the entry included in the slrb-ConfigToReleaseList corresponding to the sidelink DRB;

1>
for each sidelink DRB that is to be established or modified, according to clause 5.8.9.1a.2.1, due to receiving sl-ConfigDedicatedNR, SIB12 or SidelinkPreconfigNR:

2>
if a sidelink DRB is to be established:

3>
assign a new logical channel identity for the logical channel to be associated with the sidelink DRB and set sl-MAC-LogicalChannelConfigPC5 in the SLRB-Config to include the new logical channel identity;
2>
set the SLRB-Config included in the slrb-ConfigToAddModList, according to the received sl-RadioBearerConfig and sl-RLC-BearerConfig corresponding to the sidelink DRB;




As the remote UE can self-select a LCID value for every e2e SLRB, which is limited to 4-19, according to the sidelink LCID table in TS 38.321 [4]. This automatically conforms to the [4-31] BEARER ID range requirement needed for Layer-2 U2U Relay SRAP design. Also, there is no implication to any other Uu signaling or legacy design.

Proposal 13
Remote UE’s self-chosen LCID [4-19] value for “sl-MAC-logicalChannelConfigPC5” included in PC5-RRC message can represent BEARER ID for DRB.
2.6
SRAP Control PDU
In Rel-17 Layer 2 U2N relay design, the “D/C” bit is introduced in SRAP header as SRAP protocol layer is expected to have control PDUs similar to other user plane protocols. However, due to the time limit and workload concerns, there is no any SRAP control PDU specified in Rel-17.

In general, we think SRAP layer provides a unique opportunity for relay UE to fine-tune its forwarding operation for each end-to-end radio bearer. From this perspective, the SRAP control PDU will be useful to deliver “dynamical” information critical to help relay UE making scheduling decisions to guarantee QoS for an end-to-end SLRB. For example, the source remote UE may temporarily adjust “remaining PDB” requirements for relay UE to be used in the 2nd PC5 hop scheduling, e.g., based on short-term variations of in the scheduling delay in the 1st PC5 hop. In another example, the source remote UE may identify one bearer as “urgent” in a SRAP control PDU, so that the SRAP PDU(s) of this end-to-end radio bearer can preempt other traffic buffered in relay UE temporarily.
In summary, we think it is proper for RAN2 to support SRAP control PDU in Rel-18 work, mainly aims to improve the QoS for end-to-end PDCP traffic. Details of the SRAP Control PDU(s) can be further discussed.
Proposal 14
Support SRAP control PDU design to enhance the relay UE’s operation of end-to-end radio bearer. Details of Control PDU(s) can be further discussed.
3 Conclusion
In this contribution, we discussed the remaining open issues for UE-to-UE relay. We have the following observations:

Observation 1
In ProSe layer, the U2U Remote UE does not know the peer remote UE’s L2 address(es) after U2U Relay discovery and per-hop PC5-S link setup procedure. 

Observation 2
L2 U2U remote UE has ambiguity to process the PC5-RRC signaling allocating the local IDs if there are multiple potential target remote UEs supported by the same source remote UE via the same relay UE. 

Observation 3
One-to-one mapping between slrb-PC5-ConfigIndex and slrb-Uu-ConfigIndex is assumed in Rel-16 NR SL design.

Then, we have the following proposals:

Proposal 1
When a U2U Relay UE or U2U Remote UE is required to check PC5 RSRP measurements of incoming relay discovery message (including both model-B and integrated discovery/communication procedure), AS layer checks the PC5-RSRP value and only pass received message to upper layer if the threshold condition is satisfied.
Proposal 2
For relay UE and remote UE U2U discovery configuration, a single common PC5 RSRP threshold is configured for all discovery methods (model A, model B. and integrated discovery).
Proposal 3
Relay selection and relay reselection share the same threshold configuration in RRC specification.
Proposal 4
U2U relay UE and U2U remote UE reports U2U discovery destination address in a new list in SUI message.

Proposal 5
U2U relay UE and U2U remote UE reports U2U relay communication destination address in the existing TxResourceReqList.
Proposal 6
For integrated discovery/communication procedure, DCR message destination address are included in both the new list of U2U discovery destination and legacy TxResourceReqList.
Proposal 7
For integrated discovery/communication procedure, DCR message for integrated discovery shall not use dedicated discovery pool. 
Proposal 8
Only RLC AM mode should be used for PC5 Relay RLC channel(s) mapped to support SL-SRB 0/1/2/3.
Proposal 9
One identical PC5 Relay RLC configuration is specified for all E2E SL SRBs.
Proposal 10
Limit the outstanding “pending” new local ID allocation or local ID change PC5-RRC procedure to only one between the L2 Source remote UE and L2 U2U relay UE.
Proposal 11
Send an LS to inform SA2 about the constraint of “only up to one outstanding end-to-end PC5 link to be established between the L2 Source remote UE and L2 U2U relay UE”.

Proposal 12
RAN2 consider to reverse the agreement to reuse slrb-PC5-ConfigIndex as End-to-End DRB BEARER ID.
Proposal 13
Remote UE’s self-chosen LCID [4-19] value for “sl-MAC-logicalChannelConfigPC5” included in PC5-RRC message can represent BEARER ID for DRB.

Proposal 14
Support SRAP control PDU design to enhance the relay UE’s operation of end-to-end radio bearer. Details of Control PDU(s) can be further discussed.
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