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Introduction
In this paper, we will focus on the remaining issues specific for scenario1 or common for scenario 1 and scenario 2. Our point of view are presented. 
Discussion
Remaining issues for MP case G and E
In previous RAN2 meeting, the remaining FFS issues for case G and case E are shown in following:
	E.	The remote UE operating in multi-path changes the direct path to a different cell of the same gNB while using the serving relay UE for the indirect path under the same gNB. FFS if a single procedure for this case would be supported. This case can be supported via separate release-and-add for scenario 1 (B+D in separate reconfigurations)
G.	The remote UE operating in multi-path changes to a new relay UE for the indirect path while keeping the direct path under the same gNB.  FFS if this case would be supported via separate release-and-add (A+C in separate reconfigurations) or a single switch procedure (e.g. similar to i2i service continuity).


For the use case G in scenario 1, the remote UE operating in multi-path changes to a new relay UE for the indirect path while keeping the direct path under the same gNB. It is suggested to support it via a single switch procedure similar to the indirect path to indirect path change. To be specific, the remote UE may be configured with indirect path switch indication within the reconfigurationWithSync which may include the targetRelayUE-Identity, T420, etc.  
For the use case E in scenario 1, the remote UE operating in multi-path changes the direct path to a different cell of the same gNB while using the serving relay UE for the indirect path under the same gNB. In this case, the gNB may send the reconfigurationwithSync to remote UE, which include the SpCellConfigCommon, new C-RNTI, T304, rach-ConfigDedicated info, etc. In addition, the RRCReconfiguration message may include the updated rlc-bearer  and MAC configuration. The indirect path configuration can be kept without change. In this way, a single signalling procedure could be supported for this case. 
1. For scenario 1, it is suggested to consider single procedure for case G and E. 
Multi-path split bearer
According to previous RAN2 meeting, following agreements and FFS issues related to split bearer are presented：
	For scenario 1, SRB1 and SRB2 can be configured on either the direct or the indirect path, or on both at least with duplication.  Whether SRB1/2 can be configured in different path for Scenario 1 can be discussed in normative phase.
Split SRB can be configured with or without duplication as a baseline, for both scenarios (assuming it is supported in scenario 2). Further restrictions can be discussed in normative phase.
For scenario 2, non-split SRB1/2 is allowed to be configured on direct path. Whether non-split SRB1/2 is allowed to be configured on indirect path for scenario 2 and whether split SRB1/2 is supported for scenario 2 can be discussed in normative work.


It has been agreed that SRB1 and SRB2 can be configured on either the direct or the indirect path, or on both at least with duplication for scenario 1. It is FFS if they can be configured on different paths from one another. In our opinion, which path is used for a specific SRB can be based on the gNB configuration. Namely, it depends on whether the SRB is configured as direct bearer, indirect bearer or split bearer. It is not necessary to mandate the same bearer type configuration of all the SRBs. For example, gNB may configure the SRB1 as multi-path split bearer with duplication to improve reliability. Meanwhile, the gNB may configure the SRB2 as direct path bearer based on the channel and load conditions. 
Additionally, when both direct path and indirect path are available for UE to initiate initial access, according to current specification, it’s up to UE implementation to select the path used for initial access. It is possible that UE will select indirect path to perform initial access, then the SRB1/2 bearer type is indirect bearer. And after adding a direct path by gNB, gNB may do not want to switch the bearer type of SRB1 and SRB2.
1. For scenario 1, the bearer type (i.e. direct bearer, indirect bearer, or multi-path bearer) of SRB1 and SRB2 may be configured by the gNB independently. 
1. It is not necessary to mandate the same bearer type configuration of SRB1 and SRB2. 
For scenario2, as far as we know, the multi-path relaying is used to improve the throughput as well as the reliability.
SRB1 is for RRC messages (which may include a piggybacked NAS message) as well as for NAS messages. SRB2 is for NAS messages and for RRC messages which include logged measurement information. In our opinion, at least direct and indirect bearer should be considered for SRB1/2. Moreover, the multi-path split bearer may also be considered for improving reliability. 
1. For scenario 2, remote UE’s SRB1/2 can be configured as multi-path split bearer. 
For indirect path of schenario1, network will send the QoS related parameter and may also schedule the transmission resource of PC5 link directly. However, the indirect path of schenario2 is a non-3gpp link which is out of control of gNB.  It means that indirect path is a non-trusted link, considering the SRB1 carries control related signaling,i.e. RRC message as well as NAS message, we suggest not to configure non-split bearer SRB1/2 in in-direct path.
1. For scenario 2, non-split bearer SRB1/2 is not allowed to be configured for in-direct path.
Mapping of entities
During previous RAN2 meeting, for scenario1, we have following agreement:
	For a MP split bearer in scenario 1, one PDCP entity at the remote UE is configured with one direct Uu RLC channel and one indirect PC5 RLC channel.
-	For upstream, a PDCP entity delivers to a Uu RLC entity and a PC5 RLC entity with SRAP entity in the remote UE side.
-	For downstream, a PDCP entity receives from a Uu RLC entity and a PC5 RLC entity with SRAP entity in the remote UE side.


For scenario2, whether and how to capture the protocol entities mapping in scenario2 is FFS:
	FFS if we need to take decisions on the mapping of protocol entities in scenario 2.


In our opinion, the issue is how to capture the protocol entities mapping for indirect path which is a non-3GPP link. RAN2 has agreed that no adaptation layer is placed over non-3GPP link. So we suggest to describe the mapping relation implicitly and leave the details to UE implementation.
Actually one possible implementation is that remote UE establish internal transmission tunnels with relay UE for each remote UE’s indirect or multi-path split bearer . After PDCP PDU is generated, remote UE deliver the PDCP PDU to the corresponding tunnel. Upon receiving the PDCP PDU from a given tunnel, Relay UE may deliver the received PDCP PDU to the corresponding Uu RLC channel since 1 to 1 mapping is assumed for remote UE’s RB and relay UE’s Uu RLC channel.
1. For scenario2, for upstream, the PDCP entity in remote UE side delivers packet to a Uu RLC entity in realy UE side via non-3GPP link based on UE implementation.
UE aggregation requirement/capability
It has been agreed in RAN2#119 meeting that RAN2 assumes that the relation between remote UE and relay UE in scenario 2 is pre-configured or static and how the relation is pre-configured or static is out of the 3GPP scope. RAN2 deprioritizes discussion on authorization and association mechanism between remote UE and relay UE in scenario 2.
In our opinion, the association of remote UE and the candidate relay UE may be pre-configured at remote UE and or relay UE. However, it is hard to also pre-configure the relation between remote UE and relay UE at gNB. Therefore, it is necessary for remote UE to report the candidate relay UE information to gNB, which may assist the gNB to configure the UE aggregation operation subsequently. The candidate relay UE information may include relay UE ID for gNB to identify the relay UE. Since indirect path does not use sidelink interface, it is inappropriate to re-use SL L2 ID.  Which relay UE ID should be reported by the remote UE can be discussed further by RAN2.
1. RAN2 assumes the association of remote UE and relay UE is pre-configured in UE.
1. It is necessary for remote UE to report the candidate relay UE information (e.g. relay UE ID) to gNB, which may assist the gNB to configure the UE aggregation operation. Which Relay UE ID is used is FFS. 
Additionally，it is also FFS on how to configure the 1:1 bearer mapping over Uu link for the indirect path.
	Bearer identification except LCID is not needed in L2 PDU over Uu link in Scenario 2. Only 1:1 bearer mapping is supported over Uu link for the indirect path.  FFS how to configure the mapping.


In Uu interface, the mapping between the RB and RLC bearer supports both 1:1 and 1:N mapping, i.e. one RB can be associated with one or more RLC bearer. The mapping relation is configured by servedRadioBearer included in the RLC bearer configuration as shown in following. Similarly, 1:1 mapping for scenario2 can be achieved by re-using the servedRadioBearer.
	
RLC-BearerConfig ::=                        SEQUENCE {
    logicalChannelIdentity                      LogicalChannelIdentity,
    servedRadioBearer                           CHOICE {
        srb-Identity                                SRB-Identity,
        drb-Identity                                DRB-Identity
    }                                                                                               OPTIONAL,   -- Cond LCH-SetupOnly
    reestablishRLC                              ENUMERATED {true}                                   OPTIONAL,   -- Need N
    rlc-Config                                  RLC-Config                                          OPTIONAL,   -- Cond LCH-Setup
    mac-LogicalChannelConfig                    LogicalChannelConfig                                OPTIONAL,   -- Cond LCH-Setup
    ...,


Additionally, it has been agreed that one relay UE only serves one remote UE in scenario2. For relay UE to differentiate the received RLC bearer belongs to remote UE or its own, the following two options can be considered:
1. Uu RLC bearer configuration(RLC-BearerConfig) is used to configure Uu channel for remote UE and relay UE’s own RLC bearer. Additionally Uu RLC bearer configuration include a remote UE indication.
2. Uu RLC channel configuration(Uu-RelayRLC-ChannelConfig) is used to configure Uu channel for remote UE. Uu RLC bearer configuration(RLC-BearerConfig) is used to set relay UE’s own RLC bearer. Additionally,  to configure 1:1 bearer mapping, Uu RLC channel configuration(Uu-RelayRLC-ChannelConfig) shall include a servedRadioBearer.
From our perspective, if option2 re-uses signaling designed for sidelink U2N relay, it may confuse the UE aggregation and SL U2N relay. So it is suggested to adopt option1.For example, for indirect path Uu RLC channel, after receiving a RLC configuration including remote UE indication and served DRB ID 1 from gNB, relay UE knows this received RLC configuration is used for forwarding the packet of remote UE’s DRB1.
1. It is suggested to re-use the servedRadioBearer included in Uu RLC bearer configuration to configure the 1:1 bearer mapping for scenario2. 
1. For relay UE to differentiate the received RLC bearer belongs to remote UE or its own, Uu RLC bearer configuration(RLC-BearerConfig) may include a remote UE indication.
How to trigger the RRC_IDLE/RRC_INACTIVE target relay UE to initiate RRC connection establishment
During RAN2#119bis meeting, the support of RRC_IDLE/RRC_INACTIVE UE target relay UE is discussed for multi-path relaying. And an agreement has been reached as follows:
	RAN2 will downselect the solution for triggering IDLE/INACTIVE relay UE to enter CONNECTED state from:
-Option 1 (SL-RLC or UP-based approach (excluding SL-RLC1)), 
-Option 3 (PC5-RRC approach) 
-Option 4( RRCReconfigurationComplete-based approach)
Discovery/PC5-S-based solution can be further discussed if initiated from SA2.


As we can see, it is still FFS for scenario 1 on how to trigger the RRC_IDLE/RRC_INACTIVE target relay UE to initiate RRC connection establishment procedure. Based on the email discussion during RAN2#119bis meeting, the following options have been raised and discussed (R2-2210913):
Option-1:(SL-RLC or UP-based approach (excluding SL-RLC1)), Upon the message received from a Remote UE via SL-RLC
Option-2: (PC5-RRC approach) Upon the indication/configuration received from a remote UE, e.g. indication/configuration in RRCReconfigurationSidelink message
Option-3: (RRCReconfigurationComplete-based approach) gNB configures RRCReconfigurationComplete message delivered via indirect path, e.g. configure duplication of SRB1 or change the primary RLC entity of SRB1 to indirect RLC entity.
For option-3, gNB configures RRCReconfigurationComplete message delivered via indirect path, e.g. configure duplication of SRB1 or change the primary RLC entity of SRB1 to indirect RLC entity. it can be supported based on gNB implementation without additional specification impact. As we know, SL-RLC0 and SL-RLC-1 are configured via specified configuration and default configuration respectively upon PC5-RRC connection establishment between remote UE and the RRC_IDLE/INACTIVE relay UE. The RRCReconfigurationComplete message is SRB1 signalling and it has been agreed in previous meeting that the SRB1 may be configured on both path. In this case, the duplicated RRCReconfigurationComplete message may be delivered to RRC_IDLE/INACTIVE relay UE via the SL-RLC1, which triggers the RRC_IDLE/INACTIVE relay UE to initiate the RRC connection establishment. 
With regard to option-1, it requires to initiate the RRC connection establishment of RRC_IDLE/INACTIVE relay UE upon receiving the message from remote UE via PC5 RLC channel other than SL-RLC0/1. Compared with option-3, the remote UE need to send the RRCReconfigurationSidelink message to trigger the RRC_IDLE/INACTIVE relay UE to configure the PC5 RLC channel other than SL-RLC0/1, which introduce longer delay for the RRC connection establishment of relay UE. 
Moreover, the Option-2 further requires to add the new indication in RRCReconfigurationSidelink message. Upon the indication/configuration received from a remote UE, e.g. indication/configuration in RRCReconfigurationSidelink message, the RRC_IDLE/INACTIVE relay UE may initiate the RRC connection establishment. However, this option also introduces longer delay.
As we can see, the option-3 has no specification impact and has lower latency for triggering the RRC connection establishment  of  RRC_IDLE/INACTIVE relay UE. It is suggested to adopt option-3.
1. The RRC_IDLE/RRC_INACTIVE target relay UE can initiate RRC connection establishment procedure based on gNB implementation, i.e., gNB configures RRCReconfigurationComplete message delivered via indirect path, e.g. configure duplication of SRB1 or change the primary RLC entity of SRB1 to indirect RLC entity.
SIB and paging reception for multi-path remote UE
It is agreed during RAN2#119bis meeting that R2 aims at reusing R17 mechanism of paging delivery for R18 U2N Relay on the indirect path and legacy mechanism on the direct path, in the multi-path setting when paging is applicable for RRC_CONNECTED. Moreover, it is agreed during RAN2#120 meeting that if CSS for SI is configured within the active BWP on PCell, the remote UE can perform direct system information acquisition on PCell as currently specified in 38.331; besides, dedicated signaling can be used to deliver SIB via SRB1 configured on direct and/or indirect path as currently specified in 38.331.
As far as we know, the multi-path remote UE in RRC_Connected state may directly monitor the short message, which is transmitted on PDCCH using P-RNTI with or without associated Paging message using Short Message field in DCI format 1_0. To be specific, the short message may carry the indications for systemInfoModification, etwsAndCmasIndication, and stopPagingMonitoring. Suppose the remote UE detects the systemInfoModification or etwsAndCmasIndication is set to 1, it may acquire the corresponding SIB by receiving the broadcast SI or requesting the on-demand SI via direct path. For the stopPagingMonitoring, it can be used by RRC_Connected remote UE to stop the paging monitoring in this PO. 
On the other hand, the multi-path remote UE in RRC_Connected can also receive the system information from the relay UE after the indirect path has been configured. According to the current specification, remote UE in RRC_CONNECTED receives SIB1 in RRCReconfiguration message and performs on-demand SI request (e.g. SIB 12/13/14) if required. When it comes to the multi-path remote UE in RRC_Connected, it may receive SIB12/13/14 from either the direct path or indirect path, which one to use can be up to remote UE’s implementation. For the inter-cell multi-path scenario, it is not clear whether multi-path remote UE in RRC_Connected needs to to acquire the system information of both serving cells. In our opinion, the SIB 12/13/14 mainly include the NR sidelink communication/discovery configuration and V2X sidelink communication configuration, which are usually same for the cells within the same gNB. So it is recommended that the multi-path remote UE in RRC_Connected only receive the relevant SIB from one of the path. 
1. For scenario 1, the multi-path remote UE in RRC_Connected may receive SIB 12/13/14 from either direct or indirect path. For the other SIBs, the multi-path remote UE in RRC_Connected receives them from direct path if necessary. 
Multi-path configuration
The channel condition of UEs involved in multi-path relaying may change. The traffic load and QoS requirement of remote UE may also change. Therefore, the multi-path delivery may be reconfigured. In this section, we will discuss the signalling procedure for the indirect path addition and direct path addition.  
Indirect path addition
For the remote UE, it may connect to the network via direct path initially and then add the indirect path. Figure 1 illustrates the indirect path addition procedure for L2 U2N remote UE on top of direct path. Here the relay UE is assumed in RRC_Connected state. The procedure are as follows:


Figure 1 The addition of indirect path on top of direct path
1.	The remote UE reports one or multiple candidate relay UE(s), after it measures/discovers the candidate relay UE(s):
2.	The gNB decides to add the indirect path via relay UE to remote UE. 
3. Then the gNB sends an RRCReconfiguration message to the relay UE, which can include at least remote UE's local ID and L2 ID, Uu and PC5 Relay RLC channel configuration for relaying, and bearer mapping configuration.
4.	The gNB sends the RRCReconfiguration message to the remote UE. The contents in the RRCReconfiguration message can include at least relay UE ID, PC5 Relay RLC channel configuration for relay traffic and the associated indirect/split bearer configuration. It should be noted that the reconfigurationWithSync within the SpCellConfig is used in R17 for direct to indirect path switch. With regard to the indirect path addition scenario, the reconfigurationWithSync may be reused with enhancement. For example, the remote UE may be indicated that the reconfigurationWithSync is used for indirect path addition.  For the indirect bearer, it may reuse the SL-SRAP-Config for bearer mapping between remote UE’s RB and PC5 RLC channel.
5.	The remote UE establishes PC5 connection with relay UE.
6.	The remote UE completes the indirect path addition procedure by sending the RRCReconfigurationComplete message to the gNB. 
7.	The data traffic from the indirect bearer or split bearer may be delivered via indirect path between the remote UE and the gNB.
1. It is suggested to capture the indirect path addition signalling procedure. 
[bookmark: OLE_LINK2][bookmark: OLE_LINK1]Direct path addition
For the remote UE, it may connect to the network via indirect path initially and then add the direct path. Figure 2 illustrates the direct path addition procedure for remote UE on top of indirect path. The signalling procedure is as follows:


Figure 2 The addition of direct path on top of indirect path
1.	The Uu measurement configuration and measurement report signalling procedures are performed to evaluate both relay link measurement and Uu link measurement. The measurement results from remote UE are reported when configured measurement reporting criteria are met. 
2.	The gNB decides to add the direct path to remote UE.
3.	The gNB sends RRCReconfiguration message to the remote UE. The contents in the RRCReconfiguration message can include the associated direct/split bearer configuration. In addition, the reconfigurationWithSync within the SpCellConfig may be configured for the addition of direct path. However, it needs to indicate this is for direct path addition instead of path switch. 
4.	The remote UE synchronizes with the gNB and performs Random Access.
5.	The remote UE sends the RRCReconfigurationComplete to the gNB via either direct path or indirect, using the configuration provided in the RRCReconfiguration message.
6.	The gNB sends RRCReconfiguration message to the relay UE to reconfigure the connection between the relay UE and the gNB. The RRCReconfiguration message to the relay UE can be sent any time after step 3 based on gNB implementation (e.g., to modify or release Uu and PC5 Relay RLC channel configuration for relaying, and bearer mapping configuration between PC5 RLC and Uu RLC).
7.	The data packet from direct bearer or split bearer is transmitted via the direct path between the remote UE and the gNB. 
1. It is suggested to capture the direct path addition signalling procedure. 

Conclusion
In this contribution, following proposals are given:
Proposal 1 For scenario 1, it is suggested to consider single procedure for case G and E. 
Proposal 2 For scenario 1, the bearer type (i.e. direct bearer, indirect bearer, or multi-path bearer) of SRB1 and SRB2 may be configured by the gNB independently. 
Proposal 3 It is not necessary to mandate the same bearer type configuration of SRB1 and SRB2. 
Proposal 4 For scenario 2 , remote UE’s SRB1/2 can be configured as multi-path split bearer. 
Proposal 5 For scenario 2, non-split bearer SRB1/2 is not allowed to be configured for in-direct path.
Proposal 6 For scenario2, for upstream, the PDCP entity in remote UE side delivers packet to a Uu RLC entity in realy UE side via non-3GPP link based on UE implementation.
Proposal 7 RAN2 assumes the association of remote UE and relay UE is pre-configured in UE.
Proposal 8 It is necessary for remote UE to report the candidate relay UE information (e.g. relay UE ID) to gNB, which may assist the gNB to configure the UE aggregation operation. Which Relay UE ID is used is FFS. 
Proposal 9 It is suggested to re-use the servedRadioBearer included in Uu RLC bearer configuration to configure 1:1 bearer mapping for scenario2. 
Proposal 10 [bookmark: _GoBack]For relay UE to differentiate the received RLC bearer belongs to remote UE or its own, Uu RLC bearer configuration(RLC-BearerConfig) may include a remote UE indication.
Proposal 11 The RRC_IDLE/RRC_INACTIVE target relay UE can initiate RRC connection establishment procedure based on gNB implementation, i.e., gNB configures RRCReconfigurationComplete message delivered via indirect path, e.g. configure duplication of SRB1 or change the primary RLC entity of SRB1 to indirect RLC entity.
Proposal 12 For scenario 1, the multi-path remote UE in RRC_Connected may receive SIB 12/13/14 from either direct or indirect path. For the other SIBs, the multi-path remote UE in RRC_Connected receives them from direct path if necessary. 
Proposal 13 It is suggested to capture the indirect path addition signalling procedure. 
Proposal 14 It is suggested to capture the direct path addition signalling procedure.
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