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1. Introduction

In this contribution, we discuss the following remaining issues and give our views correspondingly.
· Whether support RRC states combination of Remote UE in RRC_INACTIVE and Relay UE in RRC_IDLE;

· Paging solution for Remote UE;
· RNAU/TAU procedure for Remote UE;
· On demand SI procedure for Remote UE;

· How to allocate Remote UE ID.
2. Discussion

1.1. Whether support RRC states combination of Remote UE in RRC_INACTIVE and Relay UE in RRC_IDLE
According to the offline summary of [AT112-e][610][Relay] RRC states for L2 relay in the last RAN2#112e meeting [1], there is an unsolved issue on “Proposal 7 Discuss whether for L2 U2N Relay, the RRC states combination of remote UE in RRC_INACTIVE and relay UE in RRC_IDLE is supported.” Basically, in order to support such RRC states combination, at least some impacts on Relay UE are foreseen as follows:

· Relay UE may need to maintain Uu RLC backhaul configuration of Remote UE even though it is in RRC_IDLE. Since Remote UE’s radio link is consisted of two hops, i.e., one hop between Remote UE and Relay UE and the other hop between Relay UE and gNB, to support Remote UE in RRC_INACTIVE, the Remote UE Inactive AS context related to both hops should be defined. The Remote UE Inactive AS context related to both hops can be stored when suspended to RRC_INACTIVE. Regarding which part of the Remote UE Inactive AS context can be restored during RRC resume procedure, two different ideas are considered. One way is that only higher layer configuration (e.g., PDCP, SDAP) can be restored, while the other way is that all AS layers configuration can be restored.  If following the first way, since the PDCP and SDAP of Remote UE Uu bearers is end-to-end between Remote UE and gNB, there is no problem to support Relay UE in RRC_IDLE at the same time. The network can use new configuration to recover the 2nd  hop Uu RLC backhaul which is below Remote UE PDCP layer. However, the first way doesn’t fully take advantage of RRC_INACTIVE feature as in legacy NR Uu the UE Inactive AS Context which can be stored and restored includes RRC configuration of all AS layers (e.g., PHY, MAC, RLC, PDCP, SDAP).  On the other hand, if we follow the second way, then the Relay UE needs to maintain and recover Uu RLC backhaul configuration of Remote UE even though it is in RRC_IDLE. Such RRC_IDLE behaviour is a new mechanism and potentially adds some complexity to Relay UE. 
· Relay UE may need to support RAN paging behaviour for Remote UE even though it is in RRC_IDLE. According to the latest TR 38.836 [2], for paging solution in L2 U2N Relay, Relay UE monitors the Remote UE’s Paging Occasion(s) for Remote UE. In the RRC states combination of remote UE in RRC_INACTIVE and relay UE in RRC_IDLE, it means that the Relay UE has to support RAN paging behaviour even though it is in RRC_IDLE. However, in legacy Uu only CN paging is supported in RRC_IDLE while both CN paging and RAN paging are supported in RRC_INACTIVE. As a consequence, the Relay UE behaviour is more like an RRC_INACTIVE UE behaviour rather than RRC_IDLE. Alternatively, the Remote UE can monitor RAN paging by itself to avoid the above impact to Relay UE. However, this way is not always good as the Uu direct link may be bad and cause more paging monitoring failure.
As above, even though the potential impacts on Relay UE can be feasible but it is not aligned with legacy Uu design principle to some extent. Moreover, such RRC states combination is less motivated for Remote UE from latency and signalling overhead reduction perspective than other RRC states combinations, e.g., Remote UE in RRC_INACTIVE, while Relay UE in RRC_INACTIVE or RRC_CONNECTED. Therefore, we propose not to support such RRC states combination of Remote UE in RRC_INACTIVE and Relay UE in RRC_IDLE. However, there is no specification complexity to avoid such RRC states combination, we can simply leave it to network implementation by not suspending Remote UE and releasing Relay UE at the same time.

Proposal 1 For L2 U2N Relay, RRC states combination of Remote UE in RRC_INACTIVE and Relay UE in RRC_IDLE is NOT supported. 
1.2. Paging solution for Remote UE
For paging solution in L2 U2N Relay, the baseline is that Relay UE monitors the Remote UE’s Paging Occasion(s) and forwards Paging message(s) for Remote UE. According to the offline summary of [AT112-e][611][Relay] Open issues on L2 relay in the last RAN2#112e meeting [3], a potential issue that how Relay UE can get knowledge of Remote UE’s Paging Occasion(s) and if there is any security has been raised in Question 6. Generally, there are 3 alternatives for Remote UE and Relay UE to support such paging solution.
· Alt-1: Remote UE shares its UE ID (5G-S-TMSI) to Relay UE. In Alt-1, the Relay UE calculates the PO(s) of Remote UE by itself once it receives the Remote UE ID. 
· Alt-2: Remote UE shares calculated PO(s) directly to Relay UE.  In Alt-2, the Relay UE gets the PO(s) from Remote UE directly without additional calculation. 
· Alt-3: Remote UE shares a pseudo UE ID to Relay UE, which derives the same PO(s) as 5G-S-TMSI. As an example, the pseudo UE ID can be the output of 5G-S-TMSI mod 1024 as highlighted yellow in the table.
	TS 38.304

7.1
Discontinuous Reception for paging

The PF and PO for paging are determined by the following formulae:

SFN for the PF is determined by:

(SFN + PF_offset) mod T = (T div N)*(UE_ID mod N)

Index (i_s), indicating the index of the PO is determined by:

i_s = floor (UE_ID/N) mod Ns

The following parameters are used for the calculation of PF and i_s above:

T: DRX cycle of the UE (T is determined by the shortest of the UE specific DRX value(s), if configured by RRC and/or upper layers, and a default DRX value broadcast in system information. In RRC_IDLE state, if UE specific DRX is not configured by upper layers, the default value is applied).
N: number of total paging frames in T
Ns: number of paging occasions for a PF
PF_offset: offset used for PF determination

UE_ID: 5G-S-TMSI mod 1024


To compare the pros and cons among the three alternatives, we think Alt-1 is the most simple and accurate method. As the Relay UE knows the real UE ID of Remote UE, the paging message forwarding action can be executed accurately by judging the UE ID carried in the paging message. The signalling overhead of paging message forward is also the minimum. However, to support Alt-1, the 5G-S-TMSI of one UE needs to be exposed to another UE over PC5 interface which may bring security issue. Alt-2 can avoid the potential security issue of Alt-1 but it has more signalling overhead than Alt-1 from two aspects.  One aspect is that the signalling overhead to deliver Remote UE calculated PO(s) is much more than Remote UE ID. The other aspect is that the paging message forwarding action is rough. Because the Relay UE doesn’t have knowledge of the Remote UE ID, it has to forward paging message fall in the same PO to all served Remote UEs. Alt-3 can avoid the potential security issue of Alt-1. The signalling overhead of paging message forward is also much less than Alt-2. But without knowing the real UE ID of Remote UE, the accuracy of paging forward cannot be guarantee. Considering above example in Alt-3, the output of 5G-S-TMSI mod 1024 may result in the same pseudo UE ID which makes some Remote UE receive paging message not intended for it. Regarding which alternative is the most suitable one for Remote UE paging solution, Alt-1 is preferred from signalling overhead and paging forwarding accuracy perspective. However, as the final decision may be pending on whether the security concern is valid or not in Alt-1, it is kindly suggested that at least RAN2 can discuss and decide whether to send LS to consult and confirm with SA3 if there is any security issue on exposing the 5G-S-TMSI of one UE to another UE over PC5 interface.
Observation 1 There are 3 candidate alternatives to support L2 U2N paging solution while which one would be adopted may be pending on whether there is any security issue in Alt-1.
· Alt-1: Remote UE shares its UE ID (5G-S-TMSI) to Relay UE. 

· Alt-2: Remote UE shares calculated PO(s) directly to Relay UE.  
· Alt-3: Remote UE shares a pseudo UE ID to Relay UE, which derives the same PO(s) as 5G-S-TMSI.
Proposal 2 For Remote UE paging solution, RAN2 to send LS to SA3 to confirm if there is any security issue on exposing the 5G-S-TMSI of one UE to another UE over PC5 interface.
1.3. RNAU/TAU for Remote UE
For mobility in RRC_INACTIVE, Remote UE should support periodic RAN-based Notification Area Update (RNAU) as well as mobility triggered RNAU, i.e., when Remote UE re-selects a cell that does not belong to its configured RNA. There are several different alternatives on how the RNA can be configured as described in TS 38.300:
1) List of cells:

-
A UE is provided an explicit list of cells (one or more) that constitute the RNA.

2) List of RAN areas:

-
A UE is provided (at least one) RAN area ID, where a RAN area is a subset of a CN Tracking Area or equal to a CN Tracking Area. A RAN area is specified by one RAN area ID, which consists of a TAC and optionally a RAN area Code;

-
A cell broadcasts one or more RAN area IDs in the system information.
Similarly, for mobility in RRC_IDLE, Remote UE should support periodic Tracking Area Update (TAU) as well as mobility-triggered TAU, i.e., when Remote UE re-selects a cell that does not belong to its configured TA. 
Based on above observations, Remote UE needs to know the serving cell information (i.e., PLMN identity/Cell identity/RAN area Code/TAC) to judge if it fulfills the trigger condition of RNAU/TAU. As in the last RAN2#112e meeting, it has been agreed that Remote UE follows the same serving Cell of Relay UE after connection via Relay UE. Therefore, in order to support mobility triggered RNAU/TAU for Remote UE, there can be two options:
Opt-1: Relay UE sends its serving Cell information (i.e., PLMN identity/Cell identity/RAN area Code/TAC) to remote UE. In Opt-1, independent RNAU/TAU trigger can be specified for remote UE.

Opt-2: Remote UE sends its RNA/TA configuration to Relay UE. In Opt-2, relay UE monitor if the RNAU/TAU trigger and notify remote UE if the triggered condition is fulfilled. 
Regarding pros and cons between the two options, Opt-1 has minor specification impact but the signaling overhead is large over PC5 interface every time when Relay UE re-selects to a new Cell. Meanwhile, Opt-2 has much less signaling overhead than Opt-1 since the RNA/TA configuration forwarding is one-shot and notification signaling is as simple as one bit. Thus Opt-2 is preferred. However, we are not sure if Opt-2 can be adopted considering it may bring potential security issue because Remote UE is exposing its location information by RNA/TA configuration to Relay UE. Therefore, we propose that at least RAN2 can discuss and decide whether to send LS to consult and confirm with SA3 if there is any security issue on exposing the RNA or TA configuration of one UE to another UE over PC5 interface.
Observation 2 There are 2 candidate alternatives to support RNAU/TAU for Remote UE while which one would be adopted may be pending on whether there is any security issue in Opt-2.

· Opt-1: Relay UE sends its serving Cell information (i.e., PLMN identity/Cell identity/RAN area Code/TAC) to remote UE.
· Opt-2: Remote UE sends its RNA/TA configuration to Relay UE.
Proposal 3 For Remote UE RNAU/TAU, RAN2 to send LS to SA3 to confirm if there is any security issue on exposing the RNA/TA configuration of one UE to another UE over PC5 interface.
1.4. On demand SI procedure for Remote UE

According to TR 38.836 [2], On-demand SI request is supported for Remote UE for all RRC states (Idle/Inactive/Connected state). It is not clear whether On-demand SI request can be supported for Remote UE for OOC case.  The motivation to support OOC case is considered as following:
· RAN2 agreed that the serving cell of Remote UE follow the same as Relay UE after connection via Relay UE. For the benefit of coverage extension, the conclusion should be applicable to both IC and OOC cases. To enable OOC Remote UE served and controlled by network, On-demand SI request should be supported for Remote UE for OOC case. In such case, Remote UE just stays OOC transiently and can transit to IC immediately upon receiving SI from the serving cell of Relay UE.
·  For sidelink reception from Relay UE, the Remote UE should know the resource configuration of Relay UE communication and/or discovery pools. Since the Relay UE must be an IC UE, the resource configuration of Relay UE communication and discovery pools follows SIB/dedicated signaling by network. In this sense, the remote UE should be able to achieve the resource configuration of Relay UE communication and/or discovery pools by triggering on-demand SI request if it requires relaying service from the Relay UE.
· For sidelink transmission to Relay UE, if the Remote UE uses pre-configuration, the Relay UE has to monitor resource pools in pre-configuration even though it is IC. This is not in line with the NR sidelink design for an IC UE to monitor pre-configured resources. To avoid unintended UE behavior, it is better for Remote UE to support on-demand SI request to retrieve the resource configuration of communication and/or discovery TX pools same as Relay UE.
Therefore, we propose to support On-demand SI request for OOC Remote UE.
Proposal 4 RAN2 to confirm that On-demand SI request is supported for OOC Remote UE.
For Remote UE in RRC_CONNECTED, we see no issue to support On-demand SI request over indirect (via the relay) path. The forwarding of the dedicated onDemand SI request message is similar to the forwarding of data traffic. 
However, for Remote UE in RRC_IDLE/INACTIVE, since RACH can only be triggered by Remote UE via direct (Uu) path, it is not clear when and how On-demand SI request can be performed via indirect path for Remote UE. For simplicity, we prefer that RRC_IDLE/INACTIVE Remote UE always trigger On-demand SI request via direct path, where legacy Uu mechanism is utilized as baseline. In addition, RRC_IDLE/INACTIVE Remote UE may be allowed to turn to trigger On-demand SI via indirect path in exceptional cases, e.g., legacy on demand SI request fails or Uu RSRP lower enough. Alternatively, since On-demand SI request via indirect path is necessary for OOC Remote UE anyway, it is also possible that On-demand SI request is aligned among OOC, RRC_IDLE and RRC_INACTIVE for Remote UE as much as possible. For example, an alternative solution is that Remote UE triggers on demand SI via direct path before PC5 connection with relay, and via indirect path after PC5 connection with relay.  Some may argue that whether Remote UE trigger on demand SI via direct path or indirect path can be up to UE implementation. However, we don’t think such UE implementation is good as the serving Cell of Remote UE and Relay UE can be different before PC5 connection with relay. As a consequence, the SI content may be different from direct path and indirect path for Remote UE, thus it is not clear which is the expected behavior from Remote UE perspective and should be specified. Therefore, we propose:
Proposal 5 RAN2 to discuss which of the followings is the expected UE behaviour for Remote UE On-demand SI in RRC_IDLE/ RRC_INACTIVE.
· Remote UE triggers On-demand SI via direct path before PC5 connection with relay, via indirect path after PC5 connection with relay.
· Remote UE always triggers On-demand SI via direct path as legacy, only turns to indirect path in exceptional cases, e.g., legacy on demand SI request fails or Uu RSRP lower enough.
1.5. How to allocate Remote UE ID
In legacy NR Uu, the UE ID (e.g., C-RNTI) is allocated during RRC connection establishment procedure. For L2 U2N, RAN2 agreed that the Remote UE ID can be used in ADAPT header for traffic differentiation from multiple Remote UEs. Regarding the approach for Remote UE ID allocation, the mechanism may be different from legacy NR Uu. There are 3 candidate options as follows:
Opt-1: Source L2 ID allocated by Remote UE in ADAPT header. In this option, the Remote UE self-assign an identifier as Source L2 ID which is derived from upper layer as in Rel-16 V2X. The self-assign algorithm guarantees that the Source L2 ID is unique in the proximity.
Opt-2: Local index allocated by Relay UE in ADAPT header. In this option, the Relay UE should allocate an identifier for the Remote UE and the identifier uniquely identify one remote UE in the scope of the Relay UE. 
Opt-3: C-RNTI allocated by serving Cell Similar to legacy MAC contention resolution. In this option, no need to carry the Remote UE ID in ADAPT header. Instead, the Relay UE can use the ADAPT payload which carries the first RRC message (i.e., RRCSetupRequest) and additionally perform RACH for Remote UE, and inform the C-RNTI to Remote UE after successful MAC contention resolution.
Among the three options, Opt-3 adds very much complexity for Relay UE especially when the number of Remote UE increases which is not preferred. The complexity of Opt-1 and Opt-2 is more or less the same, while Opt-2 has less signaling overhead than Opt-1. For example, if the maximum number of served Remote UE for one Relay UE is 16, only 4 bits are needed in ADAPT header in Opt-2. But in Opt-1, 24 bits are needed in ADAPT header. However, Opt-1 can be applied to U2U architecture easily but Opt-2 is not feasible in U2U architecture. If Opt-2 is adopted, we still need to specify another Remote UE ID allocation mechanism for U2U architecture separately. For unified design of U2N and U2U, it is better that Opt-1 is used as the Remote UE ID allocation mechanism.
Proposal 6 RAN2 to discuss whether to have a unified Remote UE ID allocation mechanism for U2N and U2U.
3. Conclusion

In this contribution, we discuss the remaining issues on L2 U2N Relay. Our observations and proposal are given as following.

RRC states combination:

Proposal 1 For L2 U2N Relay, RRC states combination of Remote UE in RRC_INACTIVE and Relay UE in RRC_IDLE is NOT supported.
Paging solution for Remote UE:

Observation 1 There are 3 candidate alternatives to support L2 U2N paging solution while which one would be adopted may be pending on whether there is any security issue in Alt-1.
· Alt-1: Remote UE shares its UE ID (5G-S-TMSI) to Relay UE. 

· Alt-2: Remote UE shares calculated PO(s) directly to Relay UE.  
· Alt-3: Remote UE shares a pseudo UE ID to Relay UE, which derives the same PO(s) as 5G-S-TMSI.
Proposal 2 For Remote UE paging solution, RAN2 to send LS to SA3 to confirm if there is any security issue on exposing the 5G-S-TMSI of one UE to another UE over PC5 interface.
RNAU/TAU for Remote UE:

Observation 2 There are 2 candidate alternatives to support RNAU/TAU for Remote UE while which one would be adopted may be pending on whether there is any security issue in Opt-2.
· Opt-1: Relay UE sends its serving Cell information (i.e., PLMN identity/Cell identity/RAN area Code/TAC) to remote UE.
· Opt-2: Remote UE sends its RNA/TA configuration to Relay UE.
Proposal 3 For Remote UE RNAU/TAU, RAN2 to send LS to SA3 to confirm if there is any security issue on exposing the RNA/TA configuration of one UE to another UE over PC5 interface.
On demand SI for Remote UE:
Proposal 4 RAN2 to confirm that On-demand SI request is supported for OOC Remote UE.
Proposal 5 RAN2 to discuss which of the followings is the expected UE behaviour for Remote UE On-demand SI in RRC_IDLE/ RRC_INACTIVE.
· Remote UE triggers On-demand SI via direct path before PC5 connection with relay, via indirect path after PC5 connection with relay.
· Remote UE always triggers On-demand SI via direct path as legacy, only turns to indirect path in exceptional cases, e.g., legacy on demand SI request fails or Uu RSRP lower enough.
Remote UE ID allocation:
Proposal 6 RAN2 to discuss whether to have a unified Remote UE ID allocation mechanism for U2N and U2U.
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