
3GPP TSG-RAN WG2 Meeting #124
R2-2312692
Chicago, USA, Nov 13th – 17th, 2023   
[image: image3.png]L]
DCR elay UE1
S DCR S DCR S
(] ] L]
Remote UE1 Relay UE2 Remote UE2

Scenario 1

Remote UE1

Relay UE Remote UE2

Hop by hop unicast|

Hop by hop unicas|

E2E DCR

Scenario 2





Agenda item:
7.9.2
Source: 
Huawei, HiSilicon
Title: 
Discussion on UE-to-UE relay
Document for:
Discussion and Decision
1
Introduction

In this contribution, we will discuss the remaining issues, including SRAP configuration, E2E RRC procedure, QoS handling, and common issues for L2/L3 U2U relay, and give the potential solutions.
2 Discussion
2.1 SRAP configuration
Based on the following agreements for SRAP configuration, we further discuss the left issues.
	For SRAP header in U2U Relay, the Bearer ID size is 5bits. FFS how to derive 5-bit value BEARER ID from SLRB configuration index.
WA: Carry L2 ID and Local ID in RRCReconfigurationSidelink message with the assumption that the association between User Info and L2 ID is done at ProSe layer.

LS to SA2 to indicate the above WA and ask SA2 to implement it if feasible.  If not, RAN2 intend to adopt option 1, but the details do not need to be included in the LS.  RAN2 intend to implement according to the WA in RAN2#124, and if SA2 indicate it is not feasible, it can be handled in maintenance.

The UE ID assignment for U2U remote UEs is up to U2U relay UE implementation, i.e., no specification impact on how to assign the local ID is needed.


Some solutions are listed below for the FFS:

	Solution
	Spec Impact

	Option 1: BEARER ID is set to the LSB 5 bits of PC5 Config Index.
	· Remote UE and relay UE should obtain the BEARER ID by truncating the LSB 5 bits of PC5 Config Index.
· The specified values for SL-SRBs, i.e. 0/1/2/3, should be excluded.
· No additional impact for PC5 RRC signalling.

	Option 2: Bearer ID is derived from the LSB 5 bits of PC5 Config Index plus 4.
	· Remote UE and relay UE should derive the BEARER ID by adding 4 to the LSB 5 bits of PC5 Config Index.
· The maximum 4 values, i.e. 28/29/30/31, should be excluded.
· No additional impact for PC5 RRC signalling.

	Option 3: Including Bearer ID in SLRB-Config IE via PC5-RRC.
	· The mapping between Bearer ID and PC5 Config Index is up to UE implementation.
· New field should be introduced in SLRB-Config for BEARER ID.


In summary, UE needs to derive BEARER ID from PC5 Config Index anyway. From our perspective, it is straightforward that BEARER ID is set to the LSB 5 bits of PC5 Config Index, i.e. option1.
Proposal 1: BEARER ID is set to the LSB 5 bits of PC5 Config Index, with value 0/1/2/3 reserved for SL-SRBs.
In the U2U RRC CR discussion, one question was raised whether the local ID is assigned upon per-hop link establishment or just before E2E link establishment. According to the WA, L2 ID is used to associate with local ID. The L2 ID is supposed to be an E2E identifier, then the remote UEs maintain the E2E connection via E2E L2 ID in AS layer as legacy. And local ID belongs to the AS configuration of the E2E connection, therefore the local ID should be assigned per E2E unicast connection.
Proposal 2: Local IDs of remote UEs are assigned per E2E unicast connection, which is in line with the current RRC CR.
2.2 Whether to have unified solution for idle/inactive state and connected state on QoS split and bearer mapping
In previous RAN2 meetings, it was agreed to simplify network configuration for L2 U2U operation. For this purpose, some companies proposed to allow connected UEs using preconfigurations to derive the QoS parameter and E2E as well as per-hop configurations. Meanwhile, some other companies believed the legacy V2X logic that network should be responsible to provide dedicated configuration to connected UEs should be followed for U2U as well. In this case, we would analyse both directions and show potential spec impact of each, which should be taken into account in down-selection. 

Proposal 3: Down-selection for connected relay/remote UE deriving split QoS as well as E2E/per-hop bearer configuration based on preconfiguration/SIB or dedicated configuration should consider the spec impact of the whole procedure.

2.2.1 QoS split over each hop

Based on the following WA for QoS split, we further discuss the left issues.

	WA: AS signalling is used to indicate the end-to-end QoS and QoS split for L2 U2U relay.


The remaining issues include which QoS parameter(s) should be split other than PDB, and how to perform QoS split if relay UE is in RRC_CONNECTED. In our understanding, PER should also be split from E2E requirement to per-hop requirement in U2U relay, and how to split the QoS parameter is up to relay UE implementation or serving gNB implementation. After that, the relay UE sends per-hop QoS to the source remote UE via PC5-RRC message. In general we think it would be safer that relay UE can inform all the QoS parameters to the Tx UEs, but if only to-be-split QoS parameters are to be specified, it should include at least PDB and PER.
Proposal 4: E2E PER should also be split by relay UE, and relay UE should inform all the QoS parameters to the Tx remote UEs for safety.

For different coverage cases and RRC states, the detailed handling can be different. Since in L2 UE-to-GNB relay, it is up to gNB implementation to perform PDB (Packet Delay Budget) split between Uu and PC5, the similar handling can be reused in L2 UE-to-UE relay scenario, i.e. the serving gNB of relay UE guarantees the end-to-end QoS requirement of remote UE in RRC_CONNECTED by dividing end-to-end QoS parameters into QoS requirement on each hop. In case of OoC/IDLE/INACTIVE, relay UE can perform QoS split by itself.

Proposal 5: At relay UE, in case of OoC/IDLE/INACTIVE, the QoS split is performed by relay UE itself; in case of connected state, it reports QoS parameters to the gNB, and gNB can provide per-hop QoS parameters via Uu RRC message if network can provide dedicated configuration.
2.2.2 Procedure of bearer configuration in OoC/IDLE/INACTIVE state and in CONNECTED state
Based on the following agreements for bearer configuration, we further discuss the left issues.
	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.

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.

There are no additional procedures at the gNB beyond Rel-16 operation in the ID reporting/resource allocation procedures for an RRC_CONNECTED U2U relay/remote UE.  Some Rel-16 functionality may not be applicable to U2U (to be determined on a case by case basis).  FFS stage 3 impact to message formats (e.g., additional fields).

Mode 1 resource allocation is supported for U2U relay according to Rel-16 procedures.


For connected UEs, if following Rel-16 operation, the UE should report U2U relay related information to gNB, including QoS info and U2U relay connection info, then the UE obtains configuration from dedicated signalling. In this case, the corresponding changes need to be added in SUI and RRCReconfiguration message. On the other hand, the bearer configuration can be determined based on reconfiguration even if the UE is in RRC_CONNECTED, and some of the reporting can be saved. 
· Procedure in OoC/IDLE/INACTIVE state
Firstly, we discuss the procedure in case of OoC/IDLE/INACTIVE. To ensure that both E2E QoS and the first hop QoS can be satisfied, the Tx remote UE should obtain E2E SDAP/PDCP configuration based on E2E QoS, and obtain the first hop RLC bearer configuration based on the first hop QoS.
Observation 1: The Tx remote UE should obtain E2E SDAP/PDCP configuration based on E2E QoS, and obtain the first hop RLC bearer configuration based on the first hop QoS. 
As discussed at RAN2#123 meeting, most companies agree that the source Remote UE informs the QoS flow-to-E2E SL-DRB mapping to the relay UE via PC5-RRC, and provide the following proposal:

	[ToDis after P13/P15] Proposal 14: If P13 is agreed, the source Remote UE informs the QoS flow-to- SL-DRB mapping to the relay UE via PC5-RRC, relay UE can derive the second hop configuration for the SL-DRB based on the QoS flow-bearer mapping.


It has been agreed that the Relay UE derives the second hop configuration for each SL-DRB. Therefore, the proposal above could be agreed without additional discussion. 
Proposal 6: The Tx remote UE informs the QoS flow-to-DRB mapping to the relay UE via PC5-RRC, so that relay UE can derive DRB level QoS of the second hop and obtain the second hop RLC bearer configuration based on it.
Based on the analyses above, the radio bearer configuration procedure for U2U relay in case of OoC/IDLE/INACTIVE is depicted as below:

· The remote UEs negotiate the E2E QoS via PC5-S message as legacy.

· The Tx remote UE sends the E2E QoS to the relay UE via AS signalling.
· The relay UE performs QoS split and informs the first hop QoS to the Tx remote UE via AS signalling.
· The Tx remote UE determines E2E SDAP/PDCP configuration based on E2E QoS, and the first hop RLC bearer configuration based on the first hop QoS.

· The Tx remote UE informs QoS flow-DRB mapping to the relay UE. 
· The relay UE derives DRB level QoS of the second hop and determines the second hop RLC bearer configuration. 
Observation 2: The radio bearer configuration procedure for U2U relay in case of OoC/IDLE/INACTIVE is depicted as below:

· The remote UEs negotiate the E2E QoS via PC5-S message as legacy.

· The Tx remote UE sends the E2E QoS to the relay UE via AS signalling.

· The relay UE performs QoS split and informs the first hop QoS to the Tx remote UE via AS signalling.

· The Tx remote UE determines E2E SDAP/PDCP configuration based on E2E QoS, and the first hop RLC bearer configuration based on the first hop QoS.

· The Tx remote UE informs QoS flow-DRB mapping to the relay UE.

· The relay UE derives DRB level QoS of the second hop and determines the second hop RLC bearer configuration.
· Procedure in CONNECTED state
Secondly, we discuss the procedure in case of CONNECTED under different principle, including legacy gNB control principle and simplify gNB involvement principle.
According to the gNB control principle, the Tx remote UE should inform the U2U relay connection info to its serving gNB in RRC_CONNECTED. Therefore, after receiving the first hop QoS from relay UE, the Tx remote UE reports SUI to gNB, including E2E QoS, the first hop QoS and indication of the relation between L2 ID of peer remote UE and L2 ID of relay UE. Then Tx remote UE obtains radio bearer configuration from gNB, containing E2E SDAP/PDCP and per-hop RLC bearer configuration as well as the bearer mapping between DRB and RLC bearer.

As for relay UE side, the relay UE derives DRB level QoS of the second hop after receiving the QoS flow-to-DRB mapping from the Tx remote UE, and reports SUI to gNB, including the DRB level QoS and the L2 ID of the Rx remote UE. Then the relay UE can obtain the second hop radio bearer configuration from gNB, containing per-hop RLC bearer configuration and the bearer mapping between DRB and RLC bearer.
Proposal 7: To support gNB control in RRC_CONNECTED, the following change should be added in spec: 
· The Tx remote UE reports SUI to gNB, including E2E QoS, the first hop QoS(new) and indication of the relation between L2 ID of peer remote UE and L2 ID(new) of relay UE
· The Tx remote UE obtains radio bearer configuration from gNB, containing E2E SDAP/PDCP and per-hop RLC bearer configuration as well as the bearer mapping between DRB and RLC bearer(new).
· The relay UE reports SUI to gNB, including the DRB level QoS(new) and the L2 ID of the Rx remote UE.

· The relay UE obtains the second hop radio bearer configuration from gNB, containing per-hop RLC bearer configuration and the bearer mapping between DRB and RLC bearer(new).
Then for the simplify gNB involvement solution, even if the intention is to let gNB not provide dedicated configuration for U2U relay/remote UE. But according to the current specification, the Tx remote UE has to report SUI. It’s better not to change this, otherwise a lot of SUI related changes are needed for U2U operation. 
Observation 3: Restraining connected UEs from reporting SUI also requires a lot of specification changes in the SUI related procedures, and require new signaling to indicate network why UEs not report QoS related parameters.

The middle way is in U2U UEs can set the SUI following legacy procedure, i.e. no new reporting, and network provide configuration as legacy, i.e. no new configuration for U2U UEs. 
· For Tx remote UE, it is after receiving the first hop QoS from relay UE, the Tx remote UE reports two lists in sl-TxResourceReqList to gNB, one of which includes L2 ID of peer remote UE and E2E QoS, and the other of which includes L2 ID of relay UE and per-hop QoS. Then the Tx remote UE obtains two configurations in SL-ConfigDedicatedNR, including SL-RadioBearerConfig and SL-RLC-BearerConfig, from gNB. What needs to be done additionally by the UEs is associate the E2E configuration with the per-hop configuration which should be as same as OoC/idle/inactive state. 
· The relay UE derives DRB level QoS of the second hop similarly. But when reporting SUI to gNB, the relay UE considers the DRB level QoS as QoS flow level QoS and reports it with the L2 ID of the Rx remote UE. For instance, QoS Profile#1 corresponds to DRB#1 and QoS Profile#2 corresponds to DRB#2, then the relay UE includes QoS flow#1 and QoS Profile#1 in one SL-QoS-Info, and includes QoS flow#2 and QoS Profile#2 in another SL-QoS-Info, where QoS flows have a one to one mapping to DRBs and just denote the identifiers, but are not actually QoS flow ID identifying serve data. Then the relay UE can obtain the second hop radio bearer configuration from gNB, including SL-RadioBearerConfig and SL-RLC-BearerConfig. The left procedure is same as OoC, i.e. the relay UE determines the second hop RLC bearer configuration from dedicated configuration.
Proposal 8: To support simplify gNB involvement, the following procedure in RRC_CONNECTED should be agreed:
· The Tx remote UE includes two lists in sl-TxResourceReqList to gNB, wherein one indicates L2 ID of peer remote UE and E2E QoS, and the other indicates L2 ID of relay UE and per-hop QoS.
· The Tx remote UE obtains two radio bearer configurations in SL-ConfigDedicatedNR, including SL-RadioBearerConfig and SL-RLC-BearerConfig, from gNB.
· The Tx remote UE determines E2E SDAP/PDCP configuration from SL-ConfigDedicatedNR associated to E2E QoS, and determines the first hop RLC bearer configuration from SL-ConfigDedicatedNR associated to the first hop QoS.
· The relay UE considers the DRB level QoS as QoS flow level QoS and reports it with the L2 ID of the Rx remote UE.

· The relay UE obtains the second hop radio bearer configuration from gNB, including SL-RadioBearerConfig and SL-RLC-BearerConfig.
· The relay UE determines the second hop RLC bearer configuration from dedicated configuration.
2.3 E2E RRC procedure
2.3.1 E2E Timer
For E2E configuration in U2U relay, the Tx remote UE sends E2E SDAP/PDCP configuration to Rx remote UE. It may take a longer time for E2E PC5-RRC message transmission compared with direct communication scenario. Therefore, the timer T400 should have longer timer value to avoid that the configuration procedure may be break due to the timer expiry. Three options are provided to solve the problem:

· Options 1: introduce an offset besides legacy T400, then the E2E timer value of T400 can be determined by adding the offset value to the legacy timer value. This option is not only compatible with the prior art, but also can be extended to future multi-hop U2U relay scenario. For instance, the final timer value of T400 can be legacy timer value+2*offset, in case of 3-hops U2U relay.

· Option 2: the relay UE informs the value of T400 to Tx remote UE, then the E2E timer value of T400 can be determined by adding the value of relay UE’s T400 to the value of Tx remote UE’s T400. This option can avoid the problem where the E2E timer value of T400 is less or equal to the value of relay UE’s T400, which will lead to E2E configuration failure because the E2E timer is sure to expire. In addition, This option can also be extended to future multi-hop U2U relay scenario
· Option 3: introduce a new T400-like timer, then the new timer value should be longer than T400. This option is feasible in single-hop U2U relay scenario, but not compatible with future multi-hop U2U relay scenario.
Proposal 9: The relay UE informs its T400 value to the Tx remote UE, then the E2E timer value of T400 can be determined by adding the value of relay UE’s T400 to the value of Tx remote UE’s T400.

2.3.2 E2E failure

When the E2E failure is detected, e.g. the E2E Timer expiries, the remote UE can inform this failure to upper layers. It is up to upper layers on whether keep or release the per-hop unicast connection, and whether to trigger U2U Relay reselection.

Proposal 10: The remote UE indicates E2E failure to upper layers. It is up to upper layers on whether keep or release the per-hop unicast connection, and whether to trigger U2U Relay reselection.
2.4 Common issues for L2/L3 U2U relay
2.4.1 PC5-RLF indication

Based on the following agreements for relay (re)selection, we further discuss the left issues.
	RAN2 confirm the following agreement applies to both source L2 remote UE and L2 target remote UE. FFS for L3 U2U relay, including whether there is a need for the PC5-RLF indication in this case.

- When the remote UE receives PC5-RLF indication from the U2U relay UE, it would inform upper layers and rely on upper layers to trigger relay (re)selection (or not).


The left issue is whether there is a need for the PC5-RLF indication in L3 U2U relay. According to the spec of SA2, the behaviours of L3 remote UE and relay UE have been already defined when the second hop link is released, as captured in TS 23.304.

	Excerpt from TS 23.304
6.4.3.7.3
Layer-2 link management over PC5 reference point for 5G ProSe Layer-3 UE-to-UE Relay

For the 5G ProSe Communication via 5G ProSe Layer-3 UE-to-UE Relay as described in clause 6.7.1, the description in clause 6.4.3.7.1 applies with following differences and clarifications:

-
In the Security Procedure of the first hop PC5 reference point, the source 5G ProSe Layer-3 End UE provides the IP Address Configuration or Link-Local IPv6 Address and QoS Info of the end-to-end QoS to the 5G ProSe Layer-3 UE-to-UE Relay. If the PC5 link is used for transferring Ethernet traffic, the source 5G ProSe Layer-3 End UE provides its Ethernet MAC address instead of IP related information.

-
In the Security Procedure of the second hop PC5 reference point, the 5G ProSe Layer-3 UE-to-UE Relay provides the IP Address Configuration or Link-Local IPv6 Address and QoS Info of the second hop QoS to the target 5G ProSe End UE. If the PC5 link is used for transferring Ethernet traffic, the 5G ProSe Layer-3 UE-to-UE Relay provides the Ethernet MAC address of the source 5G ProSe Layer-3 End UE instead of IP related information.

-
The Direct Communication Accept message over the second hop PC5 reference point additionally includes IP Address Configuration or Link-Local IPv6 Address and QoS Info of the second hop QoS. If the PC5 link is used for transferring Ethernet traffic, the target 5G ProSe Layer-3 End UE provides its Ethernet MAC address instead of IP related information.

-
The 5G ProSe Layer-3 UE-to-UE Relay decides the QoS Info of the first hop QoS with considering the received second hop QoS, the Direct Communication Accept message over the first hop PC5 reference point additionally includes IP Address Configuration or Link-Local IPv6 Address, QoS Info of the first hop QoS and may include IP address of the target 5G ProSe End UE. If the PC5 link is used for transferring Ethernet traffic, 5G ProSe Layer-3 UE-to-UE Relay provides the Ethernet MAC address of the target 5G ProSe Layer-3 End UE instead of IP related information.

-
In the Link Modification Request message over the first hop PC5 reference point, the source 5G ProSe End UE additionally includes QoS Info of the end-to-end QoS. If the PC5 link is used for transferring Ethernet traffic, the source 5G ProSe Layer-3 End UE may provide its Ethernet MAC address.

-
In the Link Modification Request message over the second hop PC5 reference point, the 5G ProSe Layer-3 UE-to-UE Relay additionally includes QoS Info of the second hop QoS to the target 5G ProSe End UE. If the PC5 link is used for transferring Ethernet traffic, the 5G ProSe Layer-3 UE-to-UE Relay provides the Ethernet MAC address of the source 5G ProSe Layer-3 End UE.

-
The Link Modification Accept message over the second hop PC5 reference point additionally includes QoS Info of the second hop QoS. If the PC5 link is used for transferring Ethernet traffic, the target 5G ProSe Layer-3 End UE may provide its Ethernet MAC address.

-
The 5G ProSe Layer-3 UE-to-UE Relay decides the QoS Info of the first hop QoS with considering the received second hop QoS, the Link Modification Accept message over the first hop PC5 reference point additionally includes QoS Info of the first hop QoS and may include IP address of the target 5G ProSe End UE. If the PC5 link is used for transferring Ethernet traffic, 5G ProSe Layer-3 UE-to-UE Relay provides the Ethernet MAC address of the target 5G ProSe Layer-3 End UE instead of IP related information.

When the PC5 link between a 5G ProSe Layer-3 End UE and the 5G ProSe Layer-3 UE-to-UE Relay is released, the 5G ProSe Layer-3 UE-to-UE Relay may initiate the PC5 link release to the peer 5G ProSe Layer-3 End UE(s) or notify the peer 5G ProSe Layer-3 End UE(s) the peer PC5 link is released.
…<skip>…
6.7.1.3
Layer-2 link release for PC5 communication via 5G ProSe Layer-3 UE-to-UE Relay

Figure 6.7.1.3-1 shows the Layer-2 link release procedure via 5G ProSe Layer-3 UE-to-UE Relay.
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Figure 6.7.1.3-1: Layer-2 Link Release procedure via 5G ProSe Layer-3 UE-to-UE Relay

0.
The source 5G ProSe Layer-3 End UE and the 5G ProSe Layer-3 UE-to-UE Relay and the 5G ProSe Layer-3 UE-to-UE Relay and the target 5G ProSe Layer-3 End UE have a unicast link established as described in clause 6.7.1.1.

1.
The source 5G ProSe Layer-3 End UE sends a Disconnect Request message to the 5G ProSe Layer-3 UE-to-UE Relay in order to release the layer-2 link and deletes all context data associated with the layer-2 link.

2.
Upon reception of the Disconnect Request message, the 5G ProSe Layer-3 UE-to-UE Relay shall respond with a Disconnect Response and deletes all context data associated with the layer-2 link.

3a.
Upon reception of the Disconnect Request message, the 5G ProSe Layer-3 UE-to-UE Relay sends a Disconnect Request message to the target 5G ProSe Layer-3 End UE(s), which has a unicast link for the communication with the source 5G ProSe Layer-3 End UE if there are no other UEs using the layer-2 link.

4a.
Upon reception of the Disconnect Request message, the target 5G ProSe Layer-3 End UE shall respond with a Disconnect Response message.

3b.
Upon reception of the Disconnect Request message, the 5G ProSe Layer-3 UE-to-UE Relay sends a Link Modification Request message to the target 5G ProSe Layer-3 End UE(s), which has a unicast link for the communication with the source 5G ProSe Layer-3 End UE if there are other UEs using the layer-2 link in order to release the PC5 QoS Flow(s) and deletes the context data associated with the PC5 QoS Flow(s).

4b.
Upon reception of the Link Modification Request message, the target 5G ProSe Layer-3 End UE shall respond with a Link Modification Accept message and deletes the context data associated with the PC5 QoS Flow(s) used for the communication with the source 5G ProSe Layer-3 End UE.


The ProSe layer of the 5G ProSe Layer-3 UE-to-UE Relay and the target 5G ProSe Layer-3 End UE provides information about the unicast link modification to the AS layer, which enables the AS layer to update the context related to the modified unicast link.


It can be concluded that when the link between the remote UE and the relay UE is released, the relay UE will initiate the PC5 link release to the peer remote UE if there are no other UEs using the layer-2 link, or the relay UE will initiate the PC5 QoS flow and the context data release if there are other UEs using the layer-2 link. Therefore, there is no need to introduce a PC5-RLF indication in AS layer for L3 U2U relay.
Proposal 11: There is no need to introduce a PC5-RLF indication in AS layer for L3 U2U relay which is supported by upper layers.
2.4.2 gNB capability

In Rel-17, two fields (i.e. sl-L2U2N-Relay and sl-L3U2N-RelayDiscovery) are introduced in SIB12 to indicate that whether the gNB supports L2 U2N relay and L3 U2N relay discovery. Similarly, two new field should be introduced in SIB12 to indicate that whether the gNB supports L2 U2U relay and L3 U2U relay discovery. According to the gNB control principle, the gNB should provide radio bearer configuration to Tx remote UE and the relay UE, therefore the indication of L2 U2U relay should represent whether the gNB supports dedicated U2U relay configuration in gNB control case.
Proposal 12: Two new fields should be introduced in SIB12 to indicate that whether the gNB supports L2 U2U relay and L3 U2U relay discovery. 
2.4.3 U2U relay DRX
Rel-17 SL DRX is a good tool to save UE power consumption of SL transmission. Most of the design of Rel-17 SL DRX is applicable to Rel-18 L2/L3 U2U design, hence we would like to confirm that Rel-18 U2U relay operation can use SL DRX in the same way as defined in Rel-17.

Proposal 13: For power saving purpose, Rel-18 U2U relay operation can use SL DRX in the same way as defined in Rel-17.
After checking Rel-17 spec, we believe the Rel-17 signalling and UE behaviour are sufficient to support Rel-18 U2U use case already. But some clarifications are needed in spec, considering in Rel-17 there is no differentiation between per-hop operation and E2E operation, which may create new issues after the introduction of U2U. One issue we identified is the handling of DCR. In Rel-17 SL DRX mechanism, UE should keep active after transmission/reception of DCR message until receiving initial SL DRX configuration as captured in TS 38.321. 
	Excerpt from TS 38.321
· 5.28.2
Behaviour of UE receiving SL-SCH Data

When SL DRX is configured, the Active Time includes the time while:

-
sl-drx-onDurationTimer/sl-DRX-GC-BC-OndurationTimer or sl-drx-InactivityTimer/sl-DRX-GC-InactivityTimer is running; or

-
sl-drx-RetransmissionTimer/sl-DRX-GC-RetransmissionTimer is running; or

-
period of sl-LatencyBoundCSI-Report configured by RRC in case SL-CSI reporting MAC CE is not received; or

-
the time between the transmission of the request of SL-CSI reporting and the reception of the SL-CSI reporting MAC CE in case SL-CSI reporting MAC CE is received; or

-
Slot(s) associated with the announced periodic transmission(s) by the UE transmitting SL-SCH Data; or

-
the time between transmission/reception of Direct Link Establishment Request message (TS 24.587 [28]) or ProSe Direct Link Establishment Request message (TS 24.554 [29]) and reception of RRCReconfigurationSidelink message including initial DRX configuration or the link establishment procedure being aborted by upper layer; or

-
the time between transmission of RRCReconfigurationSidelink message including initial DRX configuration and reception of corresponding RRCReconfigurationCompleteSidelink or RRCReconfigurationFailureSidelink message.



Considering the two scenarios depicted in Fig 1, the remote UE and relay UE will keep active all the time, which is unfavourable to power saving.
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Fig 1. Typical scenarios of U2U relay communication.
Scenario 1: remote UE1 broadcasts DCR to discovery relay UE.
When receiving DCR from remote UE1, relay UE1 keeps active as legacy. However, if remote UE selects relay UE2 to be the target relay UE, then relay UE1 will keep active all the time, because it cannot receive SL DRX config from remote UE1.
Scenario 2: remote UE1 sends E2E DCR to remote UE2 after establishment of hop by hop unicast.
After transmitting/receiving DCR, remote UE1 and remote UE2 will keep active. There is no air interface connection but a logical connection between remote UE1 and remote UE2, thus they cannot receive SL DRX configuration from each other, and then remote UE1 and remote UE2 will always keep active.
Observation 4: If legacy SL DRX mechanism is reused in U2U relay scenario, relay UE or remote UEs will keep active all the time, which is harmful to power saving of UE.
In U2U relay scenario, remote UEs and relay UE perform SL DRX as legacy for each hop. However, there is no E2E SL DRX in U2U relay case, thus the SL DRX mechanism defined in R17, where UEs keep active to establish unicast connection quickly, should not be applied to E2E unicast connection.
Proposal 14: In MAC spec, it is required to clarify that Rel-17 SL DRX is not applied to E2E unicast connection in U2U relay case.
3
Conclusion

In this contribution, we discussed the framework of L2 UE-to-UE relay in details and made the following proposals.
SRAP configuration

Proposal 1: BEARER ID is set to the LSB 5 bits of PC5 Config Index, with value 0/1/2/3 reserved for SL-SRBs.
Proposal 2: Local IDs of remote UEs are assigned per E2E unicast connection, which is in line with the current RRC CR.
Procedure of bearer configuration in OoC/IDLE/INACTIVE state and in CONNECTED state
Observation1: The Tx remote UE should obtain E2E SDAP/PDCP configuration based on E2E QoS, and obtain the first hop RLC bearer configuration based on the first hop QoS. 
Observation 2: The radio bearer configuration procedure for U2U relay in case of OoC/IDLE/INACTIVE is depicted as below:

· The remote UEs negotiate the E2E QoS via PC5-S message as legacy.

· The Tx remote UE sends the E2E QoS to the relay UE via AS signalling.

· The relay UE performs QoS split and informs the first hop QoS to the Tx remote UE via AS signalling.

· The Tx remote UE determines E2E SDAP/PDCP configuration based on E2E QoS, and the first hop RLC bearer configuration based on the first hop QoS.

· The Tx remote UE informs QoS flow-DRB mapping to the relay UE.

· The relay UE derives DRB level QoS of the second hop and determines the second hop RLC bearer configuration.
Observation 3: Restraining connected UEs from reporting SUI also requires a lot of specification changes in the SUI related procedures, and require new signaling to indicate network why UEs not report QoS related parameters.

Proposal 3: Down-selection for connected relay/remote UE deriving split QoS as well as E2E/per-hop bearer configuration based on preconfiguration/SIB or dedicated configuration should consider the spec impact of the whole procedure.
Proposal 4: E2E PER should also be split by relay UE, and relay UE should inform all the QoS parameters to the Tx remote UEs for safety.

Proposal 5: At relay UE, in case of OoC/IDLE/INACTIVE, the QoS split is performed by relay UE itself; in case of connected state, it reports QoS parameters to the gNB, and gNB can provide per-hop QoS parameters via Uu RRC message if network can provide dedicated configuration.

Proposal 6: The Tx remote UE informs the QoS flow-to-DRB mapping to the relay UE via PC5-RRC, so that relay UE can derive DRB level QoS of the second hop and obtain the second hop RLC bearer configuration based on it.
Proposal 7: To support gNB control in RRC_CONNECTED, the following change should be added in spec: 

· The Tx remote UE reports SUI to gNB, including E2E QoS, the first hop QoS and indication of the relation between L2 ID of peer remote UE and L2 ID of relay UE
· The Tx remote UE obtains radio bearer configuration from gNB, containing E2E SDAP/PDCP and per-hop RLC bearer configuration as well as the bearer mapping between DRB and RLC bearer.
· The relay UE reports SUI to gNB, including the DRB level QoS and the L2 ID of the Rx remote UE.

· The relay UE obtains the second hop radio bearer configuration from gNB, containing per-hop RLC bearer configuration and the bearer mapping between DRB and RLC bearer.
Proposal 8: To support simplify gNB involvement, the following procedure in RRC_CONNECTED should be agreed:

· The Tx remote UE includes two lists in sl-TxResourceReqList to gNB, wherein one indicates L2 ID of peer remote UE and E2E QoS, and the other indicates L2 ID of relay UE and per-hop QoS.
· The Tx remote UE obtains two radio bearer configuration s in SL-ConfigDedicatedNR, including SL-RadioBearerConfig and SL-RLC-BearerConfig, from gNB.
· The Tx remote UE determines E2E SDAP/PDCP configuration from SL-ConfigDedicatedNR associated to E2E QoS, and determines the first hop RLC bearer configuration from SL-ConfigDedicatedNR associated to the first hop QoS.
· The relay UE considers the DRB level QoS as QoS flow level QoS and reports it with the L2 ID of the Rx remote UE.

· The relay UE obtains the second hop radio bearer configuration from gNB, including SL-RadioBearerConfig and SL-RLC-BearerConfig.

· The relay UE determines the second hop RLC bearer configuration from dedicated configuration.
E2E RRC procedure

Proposal 9: The relay UE informs its T400 value to the Tx remote UE, then the E2E timer value of T400 can be determined by adding the value of relay UE’s T400 to the value of Tx remote UE’s T400.

Proposal 10: The remote UE indicates E2E failure to upper layers. It is up to upper layers on whether keep or release the per-hop unicast connection, and whether to trigger U2U Relay reselection.
Common issues for L2/L3 U2U relay
Observation 4: If legacy SL DRX mechanism is reused in U2U relay scenario, relay UE or remote UEs will keep active all the time, which is harmful to power saving of UE.
Proposal 11: There is no need to introduce a PC5-RLF indication in AS layer for L3 U2U relay which is supported by upper layers.
Proposal 12: Two new fields should be introduced in SIB12 to indicate that whether the gNB supports L2 U2U relay and L3 U2U relay discovery. And the indication of L2 U2U relay at least represents whether the gNB supports dedicated U2U relay configuration.
Proposal 13: For power saving purpose, Rel-18 U2U relay operation can use SL DRX in the same way as defined in Rel-17.
Proposal 14: In MAC spec, it is required to clarify that Rel-17 SL DRX is not applied to E2E unicast connection in U2U relay case.
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