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1 Introduction
RAN2 made a good progress on L2 U2N relay in RAN2#112-e [1] and captured the agreements in TR 38.836 [2]. However, there are still some remaining issues which we think should be concluded in SI phase. In this contribution, we discuss how to address these remaining issues. Specifically, the following issues are discussed:

· RRC issues of L2 U2N relay
· Remaining issues on RRC state
· Remaining issues on paging forwarding
· Remaining issues on TAU/RNAU 
· Remaining issues on RLM 

· Service continuity of L2 U2N relay
· Whether to de-prioritize DAPS-like HO in L2 U2N relay

· Remaining issues on HO from indirect to direct path in TR 38.836

· Remaining issues on HO from direct to indirect path in TR 38.836

· On the need of new measurement events

· Relay UE behavior in case of relay mobility (without group mobility) 
· Non-SL-relay-capable gNB impacts on HO
· Functionalities of adaptation layer
· Functionalities of Uu adaptation layer of L2 U2N relay

· Security requirement of Uu adaptation layer of L2 U2N relay

· Functionalities of PC5 adaptation layer of L2 U2N relay

· Simplified mode operation of L2 U2N relay
The TP to capture all proposals in this contribution can be found in Appendix.
2 Discussion  
2.1 RRC issues of L2 U2N relay

2.1.1 Remaining issues on RRC state
We think there are two remaining issues on RRC state which need to be concluded in SI phase:
1) Whether only single Uu RRC connection with gNB is allowed
2) Whether state combination of relay in IDLE and remote in INACTIVE is allowed

These two issues are discussed one by one as follows.
#1 Whether only single Uu RRC connection with gNB is allowed

In RAN2#111-e [3], the following proposal in scenario session was discussed but not agreed:

Revised Proposal 11: For UE to NW relay, RAN2 assumes the remote UE has an active end-to-end connection via only a single relay UE or via Uu at a given time. The remote UE can have a direct Uu connection or a connection via a single relay UE, but these two connections should not be active at the same time.  Mechanisms for ensuring service continuity (e.g. during path switch) are not precluded.   

We understand the controversial parts are: 

· Whether it is applied to L3 U2N relay; 

· Whether remote UE can maintain DRBs with both source and target during HO (i.e. DAPS-like HO).   

Because we only discuss RRC state issues of L2 U2N relay in this contribution, we think there is no ambiguity (i.e. only one Uu RRC connection is allowed in L2 U2N relay). Hence, we propose:

Proposal 1: For L2 U2N relay, the remote UE has at most one active end-to-end RRC connection via only a single relay UE or via Uu at a given time
#2 Whether relay in IDLE and remote UE in INACTIVE allowed

In RAN2#112-e [1], INACTIVE state was discussed, and the agreements were captured in TR 38.836 [2]:

For L2 UE-to-Network Relay:

-
Remote UE(s) must be in RRC CONNECTED to perform transmission/reception of relayed unicast data.

-
The Relay UE can be in RRC_IDLE, RRC_INACTIVE or RRC_CONNECTED as long as all the PC5-connected Remote UE(s) are in RRC_IDLE.   
-
The Relay UE can be in RRC_INACTIVE or RRC_CONNECTED as long as all the PC5-connected Remote UE(s) are in RRC_INACTIVE.

As can be seen, the only remaining issue is whether RRC state combination of relay in IDLE and remote UE in INACTIVE is allowed. This issue was discussed in email discussion#610 [4] but was not agreed due to lack of convergence.
Firstly, we think there is no technique issue to allow this state combination. Please note that only higher layer configurations above PDCP are stored in UE’s INACTIVE AS context in NR Rel-15 [5]. Then, the question depends on whether there is coupled configuration between relay and remote UE stored in INACTIVE AS context. More specifically, it depends on whether configuration of adaptation layer is stored in AS context. In TR 38.836 [2], it was already agreed that adaptation layer is between PDCP and RLC, which implies that it is not stored in AS context and needs to be reconfigured upon resume. Thus, it is feasible to allow remote UE in INACTIVE state when relay is in IDLE. 
Observation 1: There is no technique issue to allow state combination of relay in IDLE and remote UE in INACTIVE because there is no coupled configuration with relay stored in remote UE’s INACTIVE AS context. 

Secondly, we think allowing this state combination can achieve benefit of reducing RRC signaling overhead. It is typical scenario that INACTIVE remote UE may move to another relay or another cell for resumption in below 3 cases:

1) If resumed in a new cell directly, the resumed gNB can reduce RRC signaling overhead via UE context retrieve procedure

2) If resumed in the same cell via a new relay (i.e. remote UE performs relay reselection), the new relay may be in RRC_INACTIVE or RRC_CONNECTED. 

3) If resumed in a new cell via a new relay, the resumed gNB can also reduce RRC signaling overhead via UE context retrieve procedure
Observation 2: One use/benefit scenario to allow relay in IDLE and remote UE in INACTIVE: remote UE may move and resume in another cell via Uu directly, where resumed gNB can reduce RRC signaling overhead via UE context retrieve procedure
Finally, if this state combination is prohibited by spec, we are not sure how the Network can preclude this state combination in deployment. Please note that UE autonomous state transition to IDLE or INACTIVE state is allowed in current spec. It means NW may not know whether this state combination has happened in some cases.
Observation 3: If relay in IDLE and remote UE in INACTIVE is not allowed by spec, it is difficulty for Network to preclude this state combination in deployment, especially in case of UE autonomous state transition to IDLE or INACTIVE state
Hence, we propose:
Proposal 2: In L2 U2N relay, allow the RRC state combination of relay in IDLE and remote UE in INACTIVE
2.1.2 Remaining issues on paging forwarding
In RAN2#112-e [1], the detailed paging forwarding mechanism was discussed, and it was agreed that it supported both CN paging and RAN paging, which was captured in TR 38.836 [2]:

4.5.5.2 Paging

The Option 2 as studied in TR36.746 [7] for FeD2D paging is selected as the baseline paging relaying solution for L2 UE-to-Network relaying case (i.e. Relay UE monitors the Remote UE’s Paging Occasion(s) in addition to its own Paging Occasion(s).) . The paging relaying solution applies to both CN paging and RAN paging via the Option 2.
However, because relay and remote UE may be in different RRC state, it implies that an INACTIVE/IDLE relay may need to monitor both CN paging and RAN paging, which may not be allowed in current spec. For example, if an INACTIVE relay receives CN paging, it shall perform NAS recovery and enter IDLE state according to TS 38.304 [6]:
Copy from TS 38.304
7.1 Discontinuous Reception for paging
The UE may use Discontinuous Reception (DRX) in RRC_IDLE and RRC_INACTIVE state in order to reduce power consumption. The UE monitors one paging occasion (PO) per DRX cycle. A PO is a set of PDCCH monitoring occasions and can consist of multiple time slots (e.g. subframe or OFDM symbol) where paging DCI can be sent (TS 38.213 [4]). One Paging Frame (PF) is one Radio Frame and may contain one or multiple PO(s) or starting point of a PO.

In multi-beam operations, the UE can assume that the same paging message is repeated in all transmitted beams and thus the selection of the beam(s) for the reception of the paging message is up to UE implementation. The paging message is same for both RAN initiated paging and CN initiated paging.
The UE initiates RRC Connection Resume procedure upon receiving RAN initiated paging. If the UE receives a CN initiated paging in RRC_INACTIVE state, the UE moves to RRC_IDLE and informs NAS.
Observation 4: Although it was agreed that relay paging forwarding supports both CN paging and RAN paging, it may not be allowed by current spec, e.g. when an INACTIVE relay receives CN paging, it shall perform NAS recovery and enter IDLE state according to TS 38.304
We think the following two cases should be typical deployment scenarios in sidelink relay, and should be supported:

1) INACTIVE relay UE can monitor and forward CN paging for an IDLE remote UE. And relay UE will not transit to IDLE state due to CN paging for remote UE. 
2) IDLE relay UE can monitor and forward RAN paging for an INACTIVE remote UE.
The details can be discussed in WI phase.

Proposal 3: RAN2 conclude that INACTIVE relay UE can monitor and forward CN paging for an IDLE remote UE, without transition to IDLE state due to CN paging for remote UE. 
Proposal 4: RAN2 conclude that IDLE relay UE can monitor and forward RAN paging for an INACTIVE remote UE.

Meanwhile, another possible scenario also needs further discussion: remote UE is in IDLE/INACTIVE state while relay is in CONNECTED state. It is not clear whether CONNECTED relay can monitor remote UE’s paging and forwarding. Please note that in legacy NR system, CONNECTED UE only monitors paging for SI update because gNB can directly send data traffic to the UE. However, we think it is a valid scenario to allow CONNECTED relay UE to monitor paging for remote UE. Otherwise, the system may be broken. Thus, we think it makes sense to support them. The details can be discussed in WI phase.

Observation 5: In legacy NR system, CONNECTED UE only monitors paging for SI update. However, it is a valid scenario to allow relay UE in CONNECTED state to monitor and forward paging for remote UE. 
Proposal 5: RAN2 conclude that CONNECTED relay UE can monitor and forward CN/RAN paging for an IDLE/INACTIVE remote UE. 

2.1.3 Remaining issues on TAU/RNAU 
In email discussion#627 [7], the issue of TAU/RNAU was discussed. Specifically, [8] proposed that it is not necessary for remote UE to support RNAU. Instead, its relay performs RNAU and target gNB fetches both relay and remote UEs’ context together because serving gNB is aware of the relationship between remote UEs and relay UE. 
We agree this solution can work and may reduce signaling overhead. However, we tend to think the legacy TAU/RNAU solution can work, and this solution is signaling optimization of group mobility, which has been de-prioritized by both RAN2 and SA2. Considering it has CN impact and this is a first release of sidelink relay, we tend to think legacy solution is sufficient.
Observation 6: Group mobility solution of TAU/RNAU has CN impacts, and SA2 has de-prioritized group mobility in this release
Proposal 6: RAN2 conclude that relay and remote UE follows legacy TAU/RNAU procedure / signaling without extra CN impacts in this release 

2.1.4 Remaining issues on RLM

We think another remaining issue to conclude in SI phase is Uu RLM behavior of remote UE in RRC_CONNECTED state. As either Uu or PC5 relay connection can be active at any time (not both), it makes sense to relax or suspend RLM with gNB. The details can be discussed in WI phase.

Observation 7: For L2 U2N relay, as either Uu or PC5 relay connection can be active (not both) at any time, it makes sense to relax or suspend RLM with gNB.
Proposal 7: For L2 U2N relay, remote UE in RRC_CONNECTED state performs relaxed Uu RLM or suspends Uu RLM with gNB. The details will be discussed in WI phase.
The TP to capture all proposals on RRC issues of L2 U2N relay can be found in Appendix 1 and Appendix 2.
2.2 Service continuity of L2 U2N relay
2.2.1 Whether to de-prioritize DAPS-like HO in L2 U2N relay
In email discussion#621 on service continuity [9], the following summary proposal on service continuity was labelled as “controversial proposal”, and not discussed online due to lack of time:
Proposal 1-6: R2 deprioritize the scenario where remote UE has the simultaneous transmission of one QoS flow with both source and target path for the optimization of “almost 0ms interruption” (e.g. DC-like mobility, DAPS-like mobility and AS layer make-before-break-like mobility), in both L2 and L3 relay.
Similar to the discussion in our companion contribution on L3 U2N relay [10], we think it is majority view that DAPS-like HO should be de-prioritized for L2 U2N relay [9], and the only controversial part is whether it is also applied to L3 U2N relay. In addition, we think the statement “simultaneous transmission of one QoS flow with both source and target path” is misleading because QoS flow is an E2E concept but we are discussing AS solution.  
Observation 8: The statement “simultaneous transmission of one QoS flow with both source and target path” is misleading because QoS flow is an E2E concept but we are discussing AS solution
Thus, we proposed to rephrase Proposal 1-6 as below:

Proposal 8: RAN 2 confirm to deprioritize the scenario for L2 U2N relay where remote UE has the simultaneous transmission with both source and target path for the optimization of “almost 0ms interruption” (e.g. DC-like mobility, DAPS-like mobility and AS layer make-before-break-like mobility)
2.2.2 Remaining issues on HO from indirect to direct path

TR 38.836 has captured the switch procedure from indirect to direct path in Section 4.5.4.1 [2]. Please note that there are 4 issues indicated to be discussed in WI phase. However, we think 2 issues as highlighted below can be concluded in SI phase.

4.5.4.1
Switching from indirect to direct path

For service continuity of L2 UE-to-Network relay, the following baseline procedure is used, in case of remote UE switching to direct Uu cell.
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Figure 4.5.4-1: Procedure for remote UE switching to direct Uu cell
Step 1: Measurement configuration and reporting

Step 2: Decision of switching to a direct cell by gNB 

Step 3: RRC Reconfiguration message to remote UE

Step 4: Remote UE performs Random Access to the gNB

Step 5: Remote UE feedback the RRCReconfigurationComplete to gNB via target path, using the target configuration provided in the RRC Reconfiguration message.

Step 6: RRC Reconfiguration to relay UE

Step 7: The PC5 link is released between remote UE and the relay UE, if needed.
Step 8: The data path switching.

NOTE:
The order of step 6/7/8 is not restricted. Following are further discussed in WI phase, including: 
-
Whether Remote UE suspends data transmission via relay link after step 3; 
-
Whether Step 6 can be before or after step 3 and its necessity; 
-
Whether Step 7 can be after step 3 or step 5, and its necessity/replaced by PC5 reconfiguration; 
-
Whether Step 8 can be after step 5.
Issue#1: Whether Remote UE suspends data transmission via relay link after step 3
Except with DAPS HO specified in NR Rel-16, the UE releases source link after receiving the HO command from the gNB. Please note that in proposal 1, we propose not to support DAPS like HO for remote UE in Rel-17. Then, following our proposal 1, remote UE is not necessary to keep the source link until target link is established. In another word, Uu CP and UP operation via relay path is stopped by the remote UE upon reception of HO command. 

Observation 9: In non-DAPS NR HO, the UE releases source link after receiving the HO command from the gNB. 
Proposal 9: For Figure 4.5.4-1 of TR 38.836, RAN2 conclude and modify TR that the remote UE stops Uu CP and UP operation via relay path on receiving HO command, i.e. after step 3.
Issue#2: Whether Step 8 can be after step 5

In Rel-15 NR HO, UE can send and receive user data over the target link after successful handover to the target cell (i.e. after RRC reconfiguration complete). Following the Rel-15 NR HO as baseline, we see no reason to delay the data transmission/reception over the Uu cell on switching from relay path. The handling of the remote UE context at the source relay UE can be independent of this, as the Remote UE stops using the relay path on receiving HO command.
Observation 10: In Rel-15 NR HO, UE can send and receive data over the target link after successful handover to the target cell (i.e. after RRC reconfiguration complete).
Proposal 10: For Figure 4.5.4-1 of TR 38.836, RAN2 conclude and modify TR that the remote UE can send and receive data from the gNB over direct path after sending RRC Reconfiguration complete to the gNB, i.e. step 8 can be after step 5.
2.2.3 Remaining issues on HO from direct to indirect path

TR 38.836 has captured the switch procedure from direct to indirect path in Section 4.5.4.2 [2]. However, we think there is some issue in step 4 as highlighted below, which should be fixed in SI phase.

4.5.4.2
Switching from direct to indirect path

For service continuity of L2 U2N relay, the following baseline procedure is used, in case of remote UE switching to indirect relay UE:
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Figure 4.5.4-2: Procedure for remote UE switching to indirect relay UE
Step 1: Remote UE reports one or multiple candidate relay UE(s), after remote UE measures/discoveries the candidate relay UE(s).

-
Remote UE may filter the appropriate relay UE(s) meeting higher layer criteria when reporting, in step 1. 

-
The reporting may include the relay UE’s ID and SL RSRP information, where the measurement on PC5 details can be left to WI phase, in step 1.

Step 2: Decision of switching to a target relay UE by gNB, and target (re)configuration is sent to relay UE optionally (like preparation). 
Step 3: RRC Reconfiguration message to remote UE. Following information may be included: 1) Identity of the target relay UE; 2) Target Uu and PC5 configuration.
Step 4: Remote UE establishes PC5 connection with target relay UE, if the connection has not been setup yet.
Step 5: Remote UE feedback the RRCReconfigurationComplete to gNB via target path, using the target configuration provided in RRCReconfiguration.

Step 6: The data path switching.

NOTE:
Following are further discussed in WI phase, including: 
-
Whether Step 2 should be after relay UE connects to the gNB (e.g. after step 4), if not yet before;
-
Whether Step 4 can be before step 2/3.
In our understanding, the intention of Step 4 is to setup a new PC5 link for target relay if there is no existing PC5 link with target relay, i.e. Step 4 is skipped if an existing PC5 link is available. However, we think even if the PC5 link with target relay is available, Step 4 is still needed because PC5 RLC CHs for relaying need to be reconfigured for the existing PC5 link. 

Observation 11: For switching from direct to indirect path, even if the PC5 link with target relay is available, Step 4 is still needed because PC5 RLC CHs for relaying need to be reconfigured for the existing PC5 link. 
In this case, step 4 will not be PC5 link setup, but PC5 RRC reconfiguration. In either way, Step 4 is necessary (i.e. it should be solid line). To avoid misunderstanding in WI phase, we propose to modify TR 38.386 accordingly.
Proposal 11: For Figure 4.5.4-2 of TR 38.836, RAN2 conclude and modify TR that if the remote UE is reusing an existing PC5 link for relay connection HO, then the existing PC5 link is reconfigured to support relaying PC5 RLC CHs using the configuration provided by gNB during HO preparation. 
2.2.4 On the need of new measurement events
For Figure 4.5.4-1 and Figure 4.5.4-1 of TR 38.836 [2], their Step 1 in both switching procedures is for remote UE to send a Measurement report to gNB, to assist the gNB with HO decision. However, the details on which measurement events are configured and whether the Rel-16 Uu and SL measurement events can be reused for switching between direct Uu cell and indirect relay path are not discussed.
Observation 12: For Figure 4.5.4-1 and Figure 4.5.4-1 of TR 38.836, their Step 1 in both switching procedures has not clarified which measurement events are configured and reported 

Rel-16 NR SL defined new measurement events, C1, C2, S1, S2. C1 (CBR>Threshold), C2(CBR<Threshold) measurement configuration is provided by the gNB to the UE. C1, C2 are used to report the CBR measurements to the gNB by the SL UE in-coverage. S1 (SL-RSRP>Threshold) and S2(SL-RSRP<Threshold) are used to report the SL-RSRP measurements among peer UEs. S1 and S2 measurement configuration is provided by peer UE using PC5-RRC and not reported to the network.
Observation 13: In existing SL measurement events (i.e. S1 and S2), SL-RSRP measurements are not reported to NW, and thereby cannot be reused for L2 U2N mobility

To decide the HO of the remote UE from PC5 relay path to direct Uu cell, gNB may use the serving relay PC5 link quality and the Uu cells quality. Similarly, to decide the HO of the remote UE from direct Uu path to the PC5 relay path, gNB may use the serving Uu cell quality and the discovered SL relay UEs link quality metrics. Thus, new measurement events are necessary to support the remote UE HO. We think it is necessary to make it as a conclusion in SI phase. 

Proposal 12: To support L2 U2N mobility, RAN2 conclude to specify new measurement event(s) with below principle in SI phase:

1) For switching from indirect to direct path, support new measurement events or changes to reuse existing SL measurement events (S1, S2) to allow the remote UE report serving relay measurements to the gNB;
2) For switching from direct to indirect path, support new measurement events to allow the remote UE to report the measurements for the discovered relay UEs separately and in comparison with the serving/neighbor Uu cells.
The details of new measurement events can be discussed in WI phase
For the reporting contents, Step 1 in both switching procedures captured that the measurement reporting may include relay UE ID and SL-RSRP. However, we think it is useful to also report relay’s serving cell ID because source gNB may not be able to distinguish whether the relay is connected to different gNB just based on reported relay UE ID. It will be helpful if some gNB prefers to perform intra-gNB HO to reduce latency caused by inter-node signaling. 

Observation 14: Reporting candidate relays’ serving cell ID will be helpful if some gNB prefers to perform intra-gNB HO to reduce latency caused by inter-node signaling
Proposal 13: Remote UE can send both non-serving relay UE(s) measurements (SD-RSRPs, relay UE IDs, relay UE Cell IDs) and neighbor Uu cell measurements to the gNB in a single measurement report
2.2.5 Relay UE behaviour in relay mobility (without group mobility) 
In RAN2#112-e [1], it was agreed to de-prioritize relay group mobility, and it was captured in TR 38.836 [2].

Agreements:

Proposal 1-5 (13+/22): R2 deprioritize the group mobility scenario in the SI phase, which may be discussed in WI phase, if needed.

However, relay mobility is a valid scenario in real deployment. Although RAN2 agreed to deprioritize it in this release, we think it is necessary to specify the remote UE behaviour in relay mobility. 

Observation 15: Although RAN2 agreed to deprioritize group mobility in this release, it is necessary to specify the remote UE behaviour in relay mobility which is a valid scenario in deployment

We think the simplest solution is that relay requests the release of L2 relay connection to its connected remote UE(s) upon reception of HO command. This solution should be sufficient in this release, and its details can be discussed in WI phase. 

Proposal 14: Upon reception of HO command, relay requests the release of L2 relay connection to its connected remote UE(s) because group mobility is not supported in this release
2.2.6 Non-SL-relay-capable gNB impacts on HO
In RAN2#112-e [1], it was agreed that relay should be always connected to a SL-relay-capable gNB in L2 U2N relay, which is captured in TR 38.836 [2]:

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

-
Relay UE supporting L2 UE-to-Network Relay should be always connected to a gNB which is capable of sidelink relay operation t including providing configurations for transmission of discovery messages. 
As we discussed in Section 2.5, relay mobility is a valid scenario in deployment of L2 U2N relay. Then, to respect the above agreement, relay UE’s source cell should only select target gNB which is SL-relay-capable for relay HO. Otherwise, the relay UE may have to perform RRC re-establishment after HO to a non-SL-relay-capable gNB.

Observation 16: Because RAN2 agreed that L2 U2N relay should be always connected to a SL-relay-capable gNB, relay’s source cell should only select target gNB which is SL-relay-capable for relay HO.
To achieve it, we think the simplest solution is that measurement can be configured to report whether candidate gNB(s) are SL-relay-capable or not.

Proposal 15: To avoid L2 U2N relay HO to a non-SL-relay-capable gNB, its measurement can be configured to report whether candidate gNB(s) are SL-relay-capable or not
The TP to capture all proposals on service continuity of L2 U2N relay can be found in Appendix 3.
2.3 Functionalities of adaptation layer

2.3.1 Functionalities of Uu adaptation layer of L2 U2N relay
According to Section 4.5.2.1 of TR 38.836 [2], the functionality of Uu adaptation layer are two aspects:

1) N:1 bearer mapping (between PC5 bearer and Uu bearer); 

2) Remote UE identification
4.5.1.2
Adaptation layer functionality
For L2 UE-to-Network Relay, for uplink

-
The Uu adaptation layer at Relay UE supports UL bearer mapping between ingress PC5 RLC channels for relaying and egress Uu RLC channels over the Relay UE Uu path. For uplink relaying traffic, the different end-to-end RBs (SRB, DRB) of the same Remote UE and/or different Remote UEs can be subject to N:1 mapping and data multiplexing over one Uu RLC channel. 

-
The Uu adaptation layer is used to support Remote UE identification for the UL traffic (multiplexing the data coming from multiple Remote UE). The identity information of Remote UE Uu Radio Bearer and Remote UE is included in the Uu adaptation layer at UL in order for gNB to correlate the received data packets for the specific PDCP entity associated with the right Remote UE Uu Radio Bearer of a Remote UE.

For L2 UE-to-Network Relay, for downlink

-
The Uu adaptation layer can be used to support DL bearer mapping at gNB to map end-to-end Radio Bearer (SRB, DRB) of Remote UE into Uu RLC channel over Relay UE Uu path. The Uu adaptation layer can be used to support DL N:1 bearer mapping and data multiplexing between multiple end-to-end Radio Bearers (SRBs, DRBs) of a Remote UE and/or different Remote UEs and one Uu RLC channel over the Relay UE Uu path. 

-
The Uu adaptation layer needs to support Remote UE identification for Downlink traffic. The identity information of Remote UE Uu Radio Bearer and the identity information of Remote UE needs be put into the Uu adaptation layer by gNB at DL in order for Relay UE to map the received data packets from Remote UE Uu Radio Bearer to its associated PC5 RLC channel.
Observation 17: The agreed L2 U2N Uu adaptation layer functionalities include: 1) N:1 bearer mapping; 2) Remote UE identification.

Please note that in email discussion#627 [7], multiple companies commented to consider studying the support of Rel-16 IAB BAP layer functions (e.g. flow control and RLF indication notification) in the Uu adaptation layer for L2 U2N relay. As there is no majority view on this aspect, rapporteur included the below proposal in summary report, and this proposal was not discussed online due to lack of time.

Proposal-11: Any additional functions other than bearer mapping and Remote UE identification for L2 UE-to-NW Relay can be discussed in contribution driven manner. 

Observation 18: In email discussion#627, multiple companies commented to consider studying the support of Rel-16 IAB BAP layer functions (e.g. flow control and RLF indication notification) in the Uu adaptation layer for L2 U2N relay.
We think adaptation layer functions are basic aspects and should not be pushed to WI stage. Not finalizing in SI phase and pushing to WI phase could result in scope expansion and make it hard to complete the WI. 

Proposal 16: RAN2 is kindly suggested to make it clear on the functionality of adaptation layer in SI phase, to avoid potential difficulty of determining scope and TU of WI.    
Rel-16 IAB by default supports multi-hop relaying. IAB BAP layer functions “Flow control feedback signalling” is introduced to avoid congestion-related packet drops on IAB-nodes and IAB-donor-DU in case of multi-hop relaying. The BAP layer function of “Backhaul RLF indication” is introduced to indicate RLF notification to child nodes in case of multi-hop relay support. Considering the objective of the NR Relaying SI is to study single-hop relaying, we do not see a need for adopting these BAP layer functions to Uu adaptation layer. We understand that these two issues can occur in single-hop relays. However, we think that these issues can be resolved through simple solutions in Rel-17, as below:

· The amount of congestion related packet loss due to buffering at the relay UE depends on how loaded the relay UE is from managing multiple remote UEs. In Rel-17, considering the limited time for study completion, we think that the Relay UE and gNB implementation can handle the congestion by limiting number of Remote UE connections based on the load and channel quality of the Uu and PC5 links.
· For RLF handling, we think that the discussion in our companion paper [11] can be used by the relay UE to manage the connections with the gNB and remote UE due to RLF and notify each other without new functions in Uu adaptation layer. 

Observation 19: IAB BAP layer functions “Flow control feedback signalling” and “Backhaul RLF indication” are to provide notifications between parent nodes and child nodes in case of multi-hop relay support
Observation 20: RLF handling, discussed in our companion paper [4] can be used by the Relay UE to manage the connections with the gNB and Remote UE due to RLF.
Observation 21: In Rel-17, considering the limited time for study completion, Relay UE and gNB implementation can handle the congestion at relay UE by limiting number of Remote UE connections based on the load and channel quality of the Uu and PC5 links.

Based on above analysis, we propose that Uu adaptation layer doesn’t support extra functionalities, besides agreed N:1 bearer mapping and remote UE identification. 
Proposal 17: RAN2 conclude that Uu adaptation layer for single-hop L2 U2N relay only supports the functions of bearer mapping and Remote UE identification, i.e. other functions (e.g. IAB like “Flow control” and “Backhaul RLF indication”) are not supported in this release.   
2.3.2 Security requirement of Uu adaptation layer of L2 U2N relay
According to current agreement, the identity information of Remote UE Uu bearer and the identity information of Remote UE are included Uu adaptation layer. However, in email discussion#627 summary report [7], some companies raised one more issue on security requirement of Uu adaptation layer of L2 U2N relay. Especially, [8] proposed that there was some risk of UE ID disclosure if UE ID is included in Uu adaptation layer. In our understanding, this is a valid issue because adaptation layer is below PDCP layer of the remote UE, which means there is no security protection for the adaptation layer header. Then, the UE and/or bearer ID of remote UE would be disclosed during transmission between remote UE and gNB. In this case, a malicious UE can attack the gNB by initiating a fake RRC connection setup or re-establishment. Please note that Rel-17 IAB enhancement is also discussing the security issue of including Uu bearer ID in BAP header.

Observation 22: Because adaptation layer is below PDCP, there is some security concern to include the Remote UE ID and/or Uu bearer ID information in Uu adaptation layer header.
To resolve this issue, we think the simplest way is to use temporary UE and Uu bearer identifiers assigned for relaying, different from Uu /PC5 UE ID, and/or Uu bearer ID. The temp identifiers can be configured via Uu RRC by gNB. The details can be discussed in WI phase.

Proposal 18: Introduce temporary UE and Uu bearer identifiers assigned for relaying in Uu adaptation layer header. The details of temporary identifiers are discussed in WI phase.  

2.3.3 Functionalities of PC5 adaptation layer of L2 U2N relay
In RAN2#112-e [1], it was agreed that whether to support PC5 adaptation layer in L2 U2N relay will be discussed in WI phase: 

Agreements:

Proposal 1a: Capture both the protocol stacks with and without PC5 adaptation layer for L2 UE-to-Network relay as candidate solutions in the TR, leave the down selection to WI phase (assuming down-selection first before studying too much on the detailed PC5 adaptation layer functionalities).

Although down-selection was agreed to be discussed in WI phase, we think it is important to conclude what is the functionality of PC5 adaptation layer of L2 U2N (if agreed) in SI phase. 

Observation 23: Although whether to support PC5 adaptation layer was agreed to be discussed in WI phase, it is important to conclude what is the functionality of PC5 adaptation layer of L2 U2N (if agreed) in SI phase.
In email discussion#627 [7], the main proposed functionalities to support PC5 adaptation layer in L2 U2N relay are below two points:

1) Support PC5 bearer N:1 mapping, to avoid LCID space bottleneck issue

2) Support multi-hop relay as forward compatibility feature

Observation 24: The main functionalities to support PC5 adaptation layer in L2 U2N relay are below two points:

1) Support PC5 bearer N:1 mapping, to avoid LCID space bottleneck issue

2) Support multi-hop relay as forward compatibility feature
We are not convinced why these two functionalities are necessary in this release due to below arguments:

· Benefit to support N:1 PC5 bearer mapping

First, in Rel-16 NR V2X, SL UE can establish multiple PC5-RRC links with peer UEs, and each PC5 link can be configured with multiple SRBs/DRBs mapped to unique PC5 LCHs for supporting different types of traffic. For single-hop L2 U2N relay UE, we think the Rel-16 NR V2X principles on multiple PC5-RRC link and LCHs mapping can be reused and left to the remote UE and relay UE implementation to handle the LCID space concerns.

Observation 25: For Single-hop L2 U2N relay UE, if LCID space is a concern, then relay UE can limit the number of PC5 links with peer Remote UEs and the number of peer Remote UEs for relaying service (similar to Rel-16 V2X LCID space management).

Secondly, the N:1 mapping on PC5 can be achieved through QoS flow level mapping to DRB at SDAP, which doesn’t require any spec change. It is not clear to us what benefit of using adaptation layer to achieve the same intention.   

Observation 26: The N:1 PC5 bearer mapping can be achieved through QoS flow level mapping to DRB at SDAP, which doesn’t require any spec change.
Proposal 19: RAN2 conclude that for Single-hop L2 U2N relay UE, N:1 mapping for remote UE Uu bearers to PC5 RLC CHs is not supported in Rel-17. 
· Benefit to support multi-hop relay as forward compatibility feature
Firstly, considering the limited time in Rel-17, we do not think it is appropriate to introduce features for futureproofing. Second, even if we consider multi-hop relaying, adaptation layer on the end UE (i.e. remote UE) is not necessary if there is no N:1 mapping on PC5. Also, in IAB architecture, there is no BAP layer on the end UE. BAP layer is only present on IAB nodes and IAB-donor DU to support multiplexing on each hop.
Observation 27: In IAB architecture, even with multi-hop relaying support, the end UE does not have a BAP layer. BAP layer is only present on IAB nodes and IAB-donor DU.
Proposal 20: RAN2 confirm that L2 U2N relay doesn’t support multi-hop functionality in Rel-17. 

Based on above discussion, we do not see any valid functions for PC5 adaptation layer in Rel-17 for single-hop. Hence, it makes sense to adopt the L2 relay protocol stack without PC5 adaptation layer for normative phase. 
Proposal 21: Because of no valid functions of PC5 adaptation layer in Rel-17, RAN2 is kindly suggested to adopt the L2 relay protocol stack without PC5 adaptation layer for normative phase.

The TP to capture all proposals on adaptation layer of L2 U2N relay can be found in Appendix 4.
2.4 Simplified mode operation of L2 U2N relay 
Finally, as indicated in our companion contribution [12], although we proposed to address / fix some small issues in this contribution, we don’t think they will change the conclusion that L2 UE-to-Network Relay is feasible from RAN2 perspective.

Proposal 22: RAN2 conclude that L2 UE-to-Network Relay is feasible from RAN2 perspective
However, according to the agreed control plane procedure of L2 U2N relay illustrated in Figure 4.5.5.1-1 of TR 38.836 [2], supporting it requires to introduce at least the following RAN impacts:

· Relay UE: 
· RRC configuration on N:1 bearer mapping
· Support Uu adaptation layer  

· Remote UE: 
· RRC configuration of Uu RLC channels and PC5 RLC channels for relaying 

· Support HO between indirect and direct path
Because RAN upgradation may be slower than UE, we have concern that it may cause some unnecessary latency for deployment of L2 U2N relay. To resolve it, we think RAN2 can consider introducing a simplified mode operation for L2 U2N relay with reduced RAN impacts, as one special mode for deployment.
Observation 28: Current L2 U2N relay solution captured in TS 38.836 needs to introduce multiple RAN impacts, which may cause some unnecessary latency for deployment if RAN upgradation is slower than UE.
For detailed functionalities, we think the L2 U2N relay can be simplified without supporting of NW controlled HO and adaptation layer, i.e. a simplified mode of L2 U2N relay supports:
· Reuse existing RRC signaling for relaying channel configuration:

·  Remote UE PC5 RLC CHs for relaying are configured and managed by Relay UE based on legacy Rel-16 V2X SLRB procedure
· Simplify remote UE mobility handling: 

· Support remote UE controlled mobility only (i.e. no NW controlled HO). Relay/Cell (re)selection with context transfer from source gNB for service continuity support 

· Optional support on Uu adaptation layer:

· Uu adaptation layer header is optional, and not used if Relay UE only supports one Remote UE connection and a 1:1 mapping for PC5 RLC CHs <-> Uu RLC CHs is configured

The details can be discussed in WI phase.

Proposal 23: L2 U2N relay supports the following simplified mode of operation, to reduce RAN impacts:
· Reuse existing RRC signaling for relaying channel configuration: Remote UE PC5 RLC CHs for relaying are configured and managed by Relay UE based on legacy Rel-16 V2X SLRB procedure
· Simplify remote UE mobility handling: support Remote UE controlled mobility only (i.e. no NW controlled HO)

· Optional support on Uu adaptation layer: Uu adaptation layer header is optional, and not used if Relay UE only supports one Remote UE connection and 1:1 bearer mapping 
The TP to capture proposal on simplified mode operation of L2 U2N relay can be found in Appendix 2.
3  Conclusion
In this contribution, we discuss all the remaining issues to finalize L2 U2N relay in SI phase. And the TP to capture all proposals in this contribution can be found in Appendix.
RRC issues of L2 U2N relay

Observation 1: There is no technique issue to allow state combination of relay in IDLE and remote UE in INACTIVE because there is no coupled configuration with relay stored in remote UE’s INACTIVE AS context. 

Observation 2: One use/benefit scenario to allow relay in IDLE and remote UE in INACTIVE: remote UE may move and resume in another cell via Uu directly, where resumed gNB can reduce RRC signaling overhead via UE context retrieve procedure
Observation 3: If relay in IDLE and remote UE in INACTIVE is not allowed by spec, it is difficulty for Network to preclude this state combination in deployment, especially in case of UE autonomous state transition to IDLE or INACTIVE state
Observation 4: Although it was agreed that relay paging forwarding supports both CN paging and RAN paging, it may not be allowed by current spec, e.g. when an INACTIVE relay receives CN paging, it shall perform NAS recovery and enter IDLE state according to TS 38.304
Observation 5: In legacy NR system, CONNECTED UE only monitors paging for SI update. However, it is a valid scenario to allow relay UE in CONNECTED state to monitor and forward paging for remote UE. 
Observation 6: Group mobility solution of TAU/RNAU has CN impacts, and SA2 has de-prioritized group mobility in this release

Observation 7: For L2 U2N relay, as either Uu or PC5 relay connection can be active (not both) at any time, it makes sense to relax or suspend RLM with gNB.

Proposal 1: For L2 U2N relay, the remote UE has at most one active end-to-end RRC connection via only a single relay UE or via Uu at a given time
Proposal 2: In L2 U2N relay, allow the RRC state combination of relay in IDLE and remote UE in INACTIVE
Proposal 3: RAN2 conclude that INACTIVE relay UE can monitor and forward CN paging for an IDLE remote UE, without transition to IDLE state due to CN paging for remote UE. 

Proposal 4: RAN2 conclude that IDLE relay UE can monitor and forward RAN paging for an INACTIVE remote UE.

Proposal 5: RAN2 conclude that CONNECTED relay UE can monitor and forward CN/RAN paging for an IDLE/INACTIVE remote UE. 

Proposal 6: RAN2 conclude that relay and remote UE follows legacy TAU/RNAU procedure / signaling without extra CN impacts in this release 
Proposal 7: For L2 U2N relay, remote UE in RRC_CONNECTED state performs relaxed Uu RLM or suspends Uu RLM with gNB. 

Service continuity of L2 U2N relay

Observation 8: The statement “simultaneous transmission of one QoS flow with both source and target path” is misleading because QoS flow is an E2E concept but we are discussing AS solution
Observation 9: In non-DAPS NR HO, the UE releases source link after receiving the HO command from the gNB. 
Observation 10: In Rel-15 NR HO, UE can send and receive data over the target link after successful handover to the target cell (i.e. after RRC reconfiguration complete).
Observation 11: For switching from direct to indirect path, even if the PC5 link with target relay is available, Step 4 is still needed because PC5 RLC CHs for relaying need to be reconfigured for the existing PC5 link. 
Observation 12: For Figure 4.5.4-1 and Figure 4.5.4-1 of TR 38.836, their Step 1 in both switching procedures has not clarified which measurement events are configured and reported 

Observation 13: In existing SL measurement events (i.e. S1 and S2), SL-RSRP measurements are not reported to NW, and thereby cannot be reused for L2 U2N mobility

Observation 14: Reporting candidate relays’ serving cell ID will be helpful if some gNB prefers to perform intra-gNB HO to reduce latency caused by inter-node signaling
Observation 15: Although RAN2 agreed to deprioritize group mobility in this release, it is necessary to specify the remote UE behaviour in relay mobility which is a valid scenario in deployment

Observation 16: Because RAN2 agreed that L2 U2N relay should be always connected to a SL-relay-capable gNB, relay’s source cell should only select target gNB which is SL-relay-capable for relay HO.
Proposal 8: RAN 2 confirm to deprioritize the scenario for L2 U2N relay where remote UE has the simultaneous transmission with both source and target path for the optimization of “almost 0ms interruption” (e.g. DC-like mobility, DAPS-like mobility and AS layer make-before-break-like mobility)
Proposal 9: For Figure 4.5.4-1 of TR 38.836, RAN2 conclude and modify TR that the remote UE stops Uu CP and UP operation via relay path on receiving HO command, i.e. after step 3.
Proposal 10: For Figure 4.5.4-1 of TR 38.836, RAN2 conclude and modify TR that the remote UE can send and receive data from the gNB over direct path after sending RRC Reconfiguration complete to the gNB, i.e. step 8 can be after step 5.
Proposal 11: For Figure 4.5.4-2 of TR 38.836, RAN2 conclude and modify TR that if the remote UE is reusing an existing PC5 link for relay connection HO, then the existing PC5 link is reconfigured to support relaying PC5 RLC CHs using the configuration provided by gNB during HO preparation. 
Proposal 12: To support L2 U2N mobility, RAN2 conclude to specify new measurement event(s) with below principle in SI phase:

1) For switching from indirect to direct path, support new measurement events or changes to reuse existing SL measurement events (S1, S2) to allow the remote UE report serving relay SL-RSRP to the gNB;
2) For switching from direct to indirect path, support new measurement events to allow the remote UE to report the measurements for the discovered relay UEs separately and in comparison with the serving/neighbor Uu cells.
The details of new measurement events can be discussed in WI phase
Proposal 13: Remote UE can send both non-serving relay UE(s) measurements (SD-RSRPs, relay UE IDs, relay UE Cell IDs) and neighbor Uu cell measurements to the gNB in a single measurement report
Proposal 14: Upon reception of HO command, relay requests the release of L2 relay connection to its connected remote UE(s) because group mobility is not supported in this release
Proposal 15: To avoid L2 U2N relay HO to a non-SL-relay-capable gNB, its measurement can be configured to report whether candidate gNB(s) are SL-relay-capable or not
Functionalities of adaptation layer

Observation 17: The agreed L2 U2N Uu adaptation layer functionalities include: 1) N:1 bearer mapping; 2) Remote UE identification.

Observation 18: In email discussion#627, multiple companies commented to consider studying the support of Rel-16 IAB BAP layer functions (e.g. flow control and RLF indication notification) in the Uu adaptation layer for L2 U2N relay.
Observation 19: IAB BAP layer functions “Flow control feedback signalling” and “Backhaul RLF indication” are to provide notifications between parent nodes and child nodes in case of multi-hop relay support
Observation 20: RLF handling, discussed in our companion paper [4] can be used by the Relay UE to manage the connections with the gNB and Remote UE due to RLF.
Observation 21: In Rel-17, considering the limited time for study completion, Relay UE and gNB implementation can handle the congestion at relay UE by limiting number of Remote UE connections based on the load and channel quality of the Uu and PC5 links.

Observation 22: Because adaptation layer is below PDCP, there is some security concern to include the Remote UE ID and/or Uu bearer ID information in Uu adaptation layer header.

Observation 23: Although whether to support PC5 adaptation layer was agreed to be discussed in WI phase, it is important to conclude what is the functionality of PC5 adaptation layer of L2 U2N (if agreed) in SI phase.
Observation 24: The main benefits to support PC5 adaptation layer in L2 U2N relay are below two points:

1) Support PC5 bearer N:1 mapping, to avoid LCID space bottleneck issue

2) Support multi-hop relay as forward compatibility feature
Observation 25: For Single-hop L2 U2N relay UE, if LCID space is a concern, then relay UE can limit the number of PC5 links with peer Remote UEs and the number of peer Remote UEs for relaying service (similar to Rel-16 V2X LCID space management).

Observation 26: The N:1 PC5 bearer mapping can be achieved through QoS flow level mapping to DRB at SDAP, which doesn’t require any spec change.
Observation 27: In IAB architecture, even with multi-hop relaying support, the end UE does not have a BAP layer. BAP layer is only present on IAB nodes and IAB-donor DU.
Proposal 16: RAN2 is kindly suggested to make it clear on the functionality of adaptation layer in SI phase, to avoid potential difficulty of determining scope and TU of WI.    
Proposal 17: RAN2 conclude that Uu adaptation layer for single-hop L2 U2N relay only supports the functions of bearer mapping and Remote UE identification, i.e. other functions (e.g. IAB like “Flow control” and “Backhaul RLF indication”) are not supported in this release.   
Proposal 18: Introduce temporary UE and Uu bearer identifiers assigned for relaying in Uu adaptation layer header. The details of temporary identifiers are discussed in WI phase.  
Proposal 19: RAN2 conclude that for Single-hop L2 U2N relay UE, N:1 mapping for remote UE Uu bearers to PC5 RLC CHs is not supported in Rel-17. 
Proposal 20: RAN2 confirm that L2 U2N relay doesn’t support multi-hop functionality in Rel-17. 

Proposal 21: Because of no valid functions of PC5 adaptation layer in Rel-17, RAN2 is kindly suggested to adopt the L2 relay protocol stack without PC5 adaptation layer for normative phase.
Simplified mode operation of L2 U2N relay
Observation 28: Current L2 U2N relay solution captured in TS 38.836 needs to introduce multiple RAN impacts, which may cause some unnecessary latency for deployment if RAN upgradation is slower than UE.

Proposal 22: RAN2 conclude that L2 UE-to-Network Relay is feasible from RAN2 perspective
Proposal 23: L2 U2N relay supports the following simplified mode of operation, to reduce RAN impacts:
· Reuse existing RRC signaling for relaying channel configuration: Remote UE PC5 RLC CHs for relaying are configured and managed by Relay UE based on legacy Rel-16 V2X SLRB procedure
· Simplify remote UE mobility handling: support Remote UE controlled mobility only (i.e. no NW controlled HO)

· Optional support on Uu adaptation layer: Uu adaptation layer header is optional, and not used if Relay UE only supports one Remote UE connection and 1:1 bearer mapping 
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Appendix 1 (TP to capture proposals on RRC states)

4.1
Scenarios, Assumptions and Requirements 

The UE-to-Network Relay enables coverage extension and power saving for the Remote UE. The coverage scenarios considered in this study are the following:

-
UE-to-Network Relay UE is in coverage and Remote UE is out of coverage

-
UE-to-Network Relay UE and Remote UE are both in coverage
-
For L3 UE-to-Network Relay, relay UE and remote UE can be in the same cell or different cells, after remote UE establishes connection via Relay UE 

-
For L2 UE-to-Network Relay, it is supported as baseline that after remote UE connects via relay UE, relay UE and remote UE are controlled by the relay UE’s serving cell  
For L2 UE-to-Network Relay, both cases below are supported, i.e.

-
Before remote connection via relay UE, relay UE and remote UE are in the same cell;

-
Before remote connection via relay UE, relay UE and remote UE are in different cells;

The considered scenarios are reflected in Figure 4.1-1. 
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Figure 4.1-1 Scenarios for UE-to-Network Relay
NR Uu is assumed on the Uu link of the UE-to-Network Relay UE. NR sidelink is assumed on PC5 between the Remote UE(s) and the UE-to-Network Relay UE.

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 NW.
Configuring/scheduling of a UE (Remote UE or UE-to-Network Relay UE) by the SN to perform NR sidelink communication is out of scope of this study.
For UE-to-Network Relay, relaying of unicast data between the Remote UE and the network can occur after a PC5-RRC connection is established between the Relay UE and the Remote UE.
The Uu RRC state of the relay UE and Remote UE can change when connected via PC5. Both Relay UE and Remote UE can perform relay discovery in any RRC state. A Remote UE can perform relay discovery while out of Uu coverage. 
A Relay UE must be in RRC_CONNECTED to perform relaying of unicast data.
For L2 UE-to-Network Relay:

-  Remote UE(s) have at most one active end-to-end RRC connection via only a single relay UE or via Uu at a given time.
-
Remote UE(s) must be in RRC CONNECTED to perform transmission/reception of relayed unicast data.

-
The Relay UE can be in RRC_IDLE, RRC_INACTIVE or RRC_CONNECTED as long as all the PC5-connected Remote UE(s) are in RRC_IDLE.   
-
The Relay UE can be in RRC_IDLE, RRC_INACTIVE or RRC_CONNECTED as long as all the PC5-connected Remote UE(s) are in RRC_INACTIVE.

For L3 UE-to-Network Relay, both Relay UE and Remote UE can be in RRC_INACTIVE state.  
The requirement of service continuity is only for UE-to-Network Relay, but not for UE-to-UE Relay in this release. 

RAN2 have studied the mobility scenario of “between direct (Uu) path and indirect (via the relay) path” for UE-to-Nework relay. RAN2 focus on the mobility scenarios of intra-gNB cases in the study phase, and assume the inter-gNB cases will also be supported. For the inter-gNB cases, compared to the intra-gNB cases, potential different parts on Uu interface in details can be studied either in the SI phase or in the WI phase.RAN2 deprioritize work specific to the mobility scenario of “between indirect (via a first relay UE) and indirect (via a second relay UE)” for path switching in the SI phase, which can be studied in the WI phase, if needed. 

RAN2 deprioritize the group mobility scenario in the SI phase, which may be discussed in WI phase, if needed.
Appendix 2 (TP to capture proposals on paging, TAU/RNAU RLM, and simplified mode operation)

4.5.5
Control Plane Procedure

Editor note: Service continuity related CP procedure is captured in 4.5.4.
4.5.5.1
Connection Management

Remote UE needs to establish its own PDU sessions/DRBs with the network before user plane data transmission.
PC5-RRC aspects of Rel-16 NR V2X PC5 unicast link establishment procedures can be reused to setup a secure unicast link between Remote UE and Relay UE for L2 UE-to-Network relaying before Remote UE establishes a Uu RRC connection with the network via Relay UE.

For both in-coverage and out-of-coverage cases, when the Remote UE initiates the first RRC message for its connection establishment with gNB, the PC5 L2 configuration for the transmission between the Remote UE and the UE-to-Network Relay UE can be based on the RLC/MAC configuration defined in specifications. 

The establishment of Uu SRB1/SRB2 and DRB of the Remote UE is subject to legacy Uu configuration procedures for L2 UE-to-Network Relay.
The following high level connection establishment procedure applies to L2 UE-to-Network Relay: 
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Figure 4.5.5.1-1: Procedure for remote UE connection establishment
Step 1. The Remote and Relay UE perform discovery procedure, and establish PC5-RRC connection using the legacy Rel-16 procedure as a baseline.

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 as part of this step. The details for Relay UE to forward the RRCSetupRequest/RRCSetup message for Remote UE at this step can be discussed in WI phase. 

Step 3. The gNB and Relay UE perform relaying channel setup procedure over Uu. According to the configuration from gNB, the Relay/Remote UE establishes an RLC channel for relaying of SRB1 towards the Remote UE over PC5. This step prepares the relaying channel for SRB1.

Step 4. Remote UE SRB1 message (e.g. an RRCSetupComplete message) is sent to the gNB via the Relay UE using SRB1 relaying channel over PC5. Then the Remote UE is RRC connected over Uu. 

Step 5. The Remote UE and gNB establish security following legacy procedure and the security messages are forwarded through the Relay UE.

Step 6. The gNB sets up additional RLC channels between the gNB and Relay UE for traffic relaying. According to the configuration from gNB, the Relay/Remote UE sets up additional RLC channels between the Remote UE and Relay UE for traffic relaying. The gNB sends an RRCReconfiguration to the Remote UE via the Relay UE, to set up the relaying SRB2/DRBs. The Remote UE sends an RRCReconfigurationComplete to the gNB via the Relay UE as a response.
Besides the connection establishment procedure, for L2 UE-to-Network relay, 
-
The RRC reconfiguration and RRC connection release procedures can reuse the legacy RRC procedure, with the message content/configuration design left to WI phase. 

-
The RRC connection re-establishment and RRC connection resume procedures can reuse the legacy RRC procedure as baseline, by considering the above connection establishment procedure of L2 UE-to-Network Relay to handle the relay specific part, with the message content/configuration design left to WI phase.
4.5.5.2
Paging

The Option 2 as studied in TR36.746 [7] for FeD2D paging is selected as the baseline paging relaying solution for L2 UE-to-Network relaying case (i.e. Relay UE monitors the Remote UE’s Paging Occasion(s) in addition to its own Paging Occasion(s).) . The paging relaying solution applies to both CN paging and RAN paging via the Option 2. The following two cases are supported:
· RRC_INACTIVE Relay UE can monitor and forward CN paging for an RRC_IDLE Remote UE, without transition to RRC_IDLE state due to CN paging for Remote UE; 
· RRC_IDLE Relay UE can monitor and forward RAN paging for an RRC_INACTIVE Remote UE.

The details will be discussed in WI phase.
4.5.5.3
System Information Delivery

Relay UE can forward the system information to Remote UE via broadcast, groupcast, or dedicated PC5-RRC signalling. The detailed mechanisms of broadcast, groupcast and PC5-RRC signalling design and what system information can be relayed to Remote UEs can be discussed in WI phase. 
On-demand SI request is supported for Remote UE for all RRC states (Idle/Inactive/Connected state).
4.5.5.4 Access control

For L2 UE-to-Network relay, the Relay UE may provide UAC parameters to Remote UE. The access control check is performed at Remote UE using the parameters of the cell it intends to access. The UE-to-Network Relay UE does not perform access control check for the Remote UE's data.
4.5.5.5 TAU/RNAU

For L2 UE-to-Network relay, the Relay UE and Remote UE separately perform legacy TAU/RNAU procedure specified in NR Rel-15.
4.5.5.6 RLM

For L2 UE-to-Network relay, the Remote UE in RRC_CONNECTED state performs relaxed Uu RLM or suspends Uu RLM with gNB. The details will be discussed in WI phase.
4.5.5.7 Simplified mode operation
L2 UE-to-Network relay supports the following simplified mode of operation, to reduce RAN impacts:

· Reuse existing RRC signaling for relaying channel configuration: Remote UE PC5 RLC CHs for relaying are configured and managed by Relay UE based on legacy Rel-16 V2X SLRB procedure
· Simplify remote UE mobility handling: support Remote UE controlled mobility only (i.e. no NW controlled HO)

· Optional support on Uu adaptation layer: Uu adaptation layer header is optional, and not used if Relay UE only supports one Remote UE connection and 1:1 bearer mapping 

Its details will be discussed in WI phase.
Appendix 3 (TP to capture proposals on service continuity)

4.5.4
Service Continuity

L2 UE-to-Nework Relay uses the RAN2 principle of the Rel-15 NR handover procedure as the baseline AS layer solution to guarantee service continuity (i.e. gNB hands over the remote UE to a target cell or target relay UE, including 1) Handover preparation type of procedure between gNB and relay UE (if needed), 2) RRCReconfiguration to remote UE, remote UE switching to the target, and 3) Handover complete message, similar to the legacy procedure). Exact content of the messages (e.g. handover command) can be discussed in WI phase. This does not imply that we will send inter-node message over Uu.
In this release of specification, the scenario that remote UE has the simultaneous transmission with both source and target path for the optimization of “almost 0ms interruption” (e.g. DC-like mobility, DAPS-like mobility and AS layer make-before-break-like mobility) is deprioritized.
In this release of specification, Relay requests the release of L2 relay connection to its connected Remote UE(s) upon reception of HO command.
Below, the common parts of intra-gNB cases and inter-gNB cases are captured. For the inter-gNB cases, compared to the intra-gNB cases, potential different parts on RAN2 Uu interface in details can be studied either in SI phase or in WI phase.
4.5.4.1
Switching from indirect to direct path

For service continuity of L2 UE-to-Network relay, the following baseline procedure is used, in case of remote UE switching to direct Uu cell.
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Figure 4.5.4-1: Procedure for remote UE switching to direct Uu cell
Step 1: Measurement configuration and reporting. New measurement events or changes to reuse existing SL measurement events (S1, S2) are required to allow the remote UE report serving relay measurements to the gNB.
Step 2: Decision of switching to a direct cell by gNB 

Step 3: RRC Reconfiguration message to remote UE. The remote UE stops Uu CP and UP operation via relay path upon reception of HO command.
Step 4: Remote UE performs Random Access to the gNB

Step 5: Remote UE feedback the RRCReconfigurationComplete to gNB via target path, using the target configuration provided in the RRC Reconfiguration message.

Step 6: RRC Reconfiguration to relay UE

Step 7: The PC5 link is released between remote UE and the relay UE, if needed.

Step 8: The data path switching. This step can be right after 5. 

NOTE:
The order of step 6/7/8 is not restricted. Following are further discussed in WI phase, including: 

-
Whether Step 6 can be before or after step 3 and its necessity; 
-
Whether Step 7 can be after step 3 or step 5, and its necessity/replaced by PC5 reconfiguration; 



4.5.4.2
Switching from direct to indirect path

For service continuity of L2 U2N relay, the following baseline procedure is used, in case of remote UE switching to indirect relay UE:
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Figure 4.5.4-2: Procedure for remote UE switching to indirect relay UE
Step 1: Remote UE reports one or multiple candidate relay UE(s), after remote UE measures/discoveries the candidate relay UE(s).

-
Remote UE may filter the appropriate relay UE(s) meeting higher layer criteria when reporting, in step 1. 
-  The reporting may include the relay UE’s ID, serving cell ID and SL RSRP information, where the measurement on PC5 details can be left to WI phase, in step 1.
New measurement events are required to allow the remote UE to report the measurements for the discovered relay UEs separately and in comparison with the serving/neighbor Uu cells.
Step 2: Decision of switching to a target relay UE by gNB, and target (re)configuration is sent to relay UE optionally (like preparation). 
Step 3: RRC Reconfiguration message to remote UE. Following information may be included: 1) Identity of the target relay UE; 2) Target Uu and PC5 configuration.
Step 4: Remote UE establishes PC5 connection with target relay UE, if the connection has not been setup yet. Otherwise, remote UE initiates PC5-RRC Reconfiguration with target relay UE to setup the relaying PC5 RLC CHs with the configuration provided by gNB.
Step 5: Remote UE feedback the RRCReconfigurationComplete to gNB via target path, using the target configuration provided in RRCReconfiguration.

Step 6: The data path switching.

NOTE:
Following are further discussed in WI phase, including: 
-
Whether Step 2 should be after relay UE connects to the gNB (e.g. after step 4), if not yet before;
-
Whether Step 4 can be before step 2/3.

Appendix 4 (TP to capture proposals on adaptation layer)

4.5.1.2
Adaptation layer functionality
For L2 UE-to-Network Relay, for uplink

-
The Uu adaptation layer at Relay UE supports UL bearer mapping between ingress PC5 RLC channels for relaying and egress Uu RLC channels over the Relay UE Uu path. For uplink relaying traffic, the different end-to-end RBs (SRB, DRB) of the same Remote UE and/or different Remote UEs can be subject to N:1 mapping and data multiplexing over one Uu RLC channel. 

-
The Uu adaptation layer is used to support Remote UE identification for the UL traffic (multiplexing the data coming from multiple Remote UE). The identity information of Remote UE Uu Radio Bearer and Remote UE is included in the Uu adaptation layer at UL in order for gNB to correlate the received data packets for the specific PDCP entity associated with the right Remote UE Uu Radio Bearer of a Remote UE.

For L2 UE-to-Network Relay, for downlink

-
The Uu adaptation layer can be used to support DL bearer mapping at gNB to map end-to-end Radio Bearer (SRB, DRB) of Remote UE into Uu RLC channel over Relay UE Uu path. The Uu adaptation layer can be used to support DL N:1 bearer mapping and data multiplexing between multiple end-to-end Radio Bearers (SRBs, DRBs) of a Remote UE and/or different Remote UEs and one Uu RLC channel over the Relay UE Uu path. 

-
The Uu adaptation layer needs to support Remote UE identification for Downlink traffic. The identity information of Remote UE Uu Radio Bearer and the identity information of Remote UE needs be put into the Uu adaptation layer by gNB at DL in order for Relay UE to map the received data packets from Remote UE Uu Radio Bearer to its associated PC5 RLC channel.
Because Uu adaptation layer is below PDCP, it doesn’t provide security protection for the identity information of Remote UE Uu Radio Bearer and the identity information of Remote UE. Thus, temporary UE and Uu bearer identifiers assigned for relaying will be introduced in Uu adaptation layer header. The details will be discussed in WI phase.
In this release of specification, Uu adaptation layer and PC5 adaptation layer (if agreed) of L2 UE-to-Network relay don’t support other functions (e.g. IAB like “Flow control” and “Backhaul RLF indication”).
Scenario 1: Remote UE is OOC and UE-to-NW relay is IC





Scenario 2: Remote UE is IC and UE-to-NW relay is IC





Scenario 3: Remote UE is in different cell coverage than UE-to-NW relay
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