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1 Introduction
In RAN2#111-e [1], RRC state of remote UE and relay in L2 U2N relay was discussed and the following high-level agreements were achieved:
Revised Proposal 17: For L2 UE to NW relay, the Uu RRC state of the relay UE and remote UE can change when connected via PC5. Both relay UE and remote UEs can perform relay discovery in any RRC state.  A remote UE can perform relay discovery while OOC.

Proposal 18: For L2 UE to NW relay, both relay UE and remote UE must be in RRC CONNECTED to perform active relaying of data.

Revised Proposal 19: For L2 UE to NW relay, the relay UE can be either in RRC_IDLE or RRC_CONNECTED as long as the PC5-connected remote UE is in RRC_IDLE.  

Meanwhile, high-level agreements on paging forwarding were also achieved in the same RAN2 meeting [1], and SI forwarding is expected to be agreed in upcoming RAN2 meeting:
Proposal-12: Agree to capture the following for the paging aspect for L2 UE-to-NW Relay into TR (reflected within TP also):

The Option 2 as studied in TR36.746 for FeD2D paging is selected as the baseline paging relaying solution for L2 based UE-to-Network relaying case (i.e. Relay UE monitors the Remote UE's PO in addition to its own PO.)

However, some functionalities on RRC state in L2 U2N relay are still not clear (e.g. what is valid RRC state combination of relay and remote UE in paging forwarding ?). Meanwhile, in summary report of email discussion#627 on L2 relay [3], only RRC establishment procedure was discussed. The other RRC procedures are missing, including RRC resume, RRC release, RRC reconfiguration and RRC re-establishment. 

We think these issues are essential, and should be concluded in SI phase, which include:
· Whether only single Uu RRC connection with gNB is allowed for L2 U2N relay
· Whether RRC INACTIVE state is allowed for L2 U2N relay
· Valid RRC state combinations of relay and remote UE 
· Essential RRC procedure to support state transition, including RRC resume, RRC release, RRC reconfiguration and RRC re-establishment.
· Paging/SI forwarding in different RRC states 
2 Discussion  
We would discuss about 5 issues in different sub-sections.  
2.1 Whether only single Uu RRC connection with gNB allowed 

In RAN2#111-e [1], 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
2.2 Whether RRC INACTIVE state is allowed for L2 U2N relay
In RAN2#111-e [1], the following proposals on INACTIVE state were discussed but not agreed as well:

Proposal 21: The relay UE in L2 UE to NW relay supports RRC_INACTIVE.  UE behavior specific to RRC_INACTIVE can be considered in the SI/WI stage.

We don’t see any reason why RRC INACTIVE state can’t be supported in L2 U2N relay. We recall that the only controversial part is whether its discussion needs to be postponed to WI stage. We prefer to study and conclude whether essential procedures of RRC INACTIVE can be supported. From RAN2 perspective, we think its essential procedures includes:
1) RRC resume procedure and related RRC state transition:

If adaptation layer is assumed to be introduced to support PC5-Uu bearer mapping, we think the main specific issue is the valid RRC state combination of remote/relay and its related state transition. It will be discussed in Section 2.3 and Section 2.4 of this contribution. 
2) RAN paging in paging forwarding:  
Please note that RAN2 has agreed to use FeD2D paging forwarding solution (i.e. relay UE monitors the Remote UE's PO in addition to its own PO) as baseline in RAN2#111-e [1]. Then, we think the main specific issue is the valid RRC state combination of remote/relay during paging/SI forwarding (e.g. whether INACTIVE relay UE can monitor and forward CN paging for an IDLE remote UE, whether CONNECTED relay UE can monitor paging for remote UE). It will be discussed in Section 2.3 and Section 2.5 of this contribution. 
Proposal 2: RRC INACTIVE state is supported in L2 U2N relay, and RAN2 is kindly suggested to study and conclude the below 2 essential procedures in SI phase:

1) Whether support RRC resume procedure and related RRC state transition;
2) Whether support RAN paging in paging forwarding.
2.3 Valid RRC state combinations of relay and remote UE 
In RAN2#111-e [1], RRC state of remote UE and relay in L2 U2N relay was discussed and the following agreements were made:

Revised Proposal 17: For L2 UE to NW relay, the Uu RRC state of the relay UE and remote UE can change when connected via PC5. Both relay UE and remote UEs can perform relay discovery in any RRC state.  A remote UE can perform relay discovery while OOC.

Proposal 18: For L2 UE to NW relay, both relay UE and remote UE must be in RRC CONNECTED to perform active relaying of data.

Revised Proposal 19: For L2 UE to NW relay, the relay UE can be either in RRC_IDLE or RRC_CONNECTED as long as the PC5-connected remote UE is in RRC_IDLE.  

However, we think these are only high-level agreements, and more discussions are needed. As follows, we would like to discuss 3 cases respectively: 1) Relay in CONNECTED state; 2) Relay in IDLE state; 3) Relay in INACTIVE state.
1) Relay in CONNECTED state

According to the quoted RAN2#111-e agreements, it is clear that remote UE can be in CONNECTED or IDLE state. Similarly, it makes sense to allow remote UE in INACTIVE. Furthermore, some clarifications are required for one typical scenario: when different remote UEs are connected to the same CONNECTED relay, whether these remote UEs can have different Uu RRC states. Our understanding is the RRC states of these remote UEs are independent and may be different. We would like to confirm whether it is the common understanding. 
Proposal 3: In L2 U2N relay, when different remote UEs are connected to the same CONNECTED relay via unicast PC5 link, their RRC states are independent and may be different (i.e. IDLE or INACTIVE or CONNECTED state). 
2) Relay in IDLE state
According to the quoted RAN2#111-e agreements, it is clear that remote UE can be in IDLE state but not in CONNECTED state. Then the remaining issue is whether remote UE can be in INACTIVE state. Please note that only higher layer configurations above PDCP are stored in UE’s INACTIVE AS context in NR Rel-15 [2]. 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 RAN2#111-e [1], it was 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. 
Observation 1: In NR Rel-15, only higher layer configurations above PDCP are stored in UE’s INACTIVE AS context. Then, because adaptation layer is between PDCP and RLC, its configuration is not stored in remote UE’s INACTIVE AS context, and thereby needs to be reconfigured upon resume.
Observation 2: When relay in IDLE state, it is feasible that remote UE can be in INACTIVE state because there is no coupled configuration with relay stored in INACTIVE AS context. 

One use/benefit scenario is that the INACTIVE remote UE connected to IDLE relay may move and resume in another cell via Uu directly, where the resumed gNB can reduce RRC signaling overhead via UE context retrieve procedure.  
Observation 3: 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
Hence, we propose:
Proposal 4: INACTIVE remote UE’s configuration on adaptation layer is not stored in UE’s INACTIVE AS context, and thereby needs to be reconfigured upon resume
Proposal 5: In L2 U2N relay, when relay in IDLE state, its connected remote UE can be in IDLE/INACTIVE state
3) Relay in INACTIVE state
It is similar to Case 2), and we have the same proposal:
Proposal 6: In L2 U2N relay, when relay in INACTIVE state, its connected remote UE can be in IDLE/INACTIVE state

Proposal 3-6 can be summarized in Table 1.
	          Remote           Relay
	IDLE
	INACTIVE 
	CONNECTED

	IDLE
	Yes
	Yes
	Yes

	INACTIVE
	Yes
	Yes
	Yes

	CONNECTED
	No
	No
	Yes


Table 1 Valid RRC state combination between remote and relay 
2.4 Essential RRC procedure to support state transition
In summary report of email discussion#627 on L2 relay [3], only RRC establishment procedure was discussed. Although we understand the tight schedule of relay SI, we think it is essential to conclude whether below RRC procedures are supported in SI phase:
· RRC Reconfiguration 

· RRC Resume

· RRC Release 

· RRC re-establishment  

Observation 4: In summary report of email discussion#627 on L2 relay, only RRC establishment procedure was discussed. 
Proposal 7: RAN2 is kindly suggested to discuss and conclude whether essential RRC procedures for remote UE in L2 U2N relay are supported in SI phase, including RRC Reconfiguration, RRC Resume, RRC Release and RRC re-establishment
2.4.1 RRC Reconfiguration 
Assuming adaptation layer is introduced, we think RRC Reconfiguration procedure of L2 U2N relay has the following two key differences from legacy:
1) gNB can reconfigure relay bearer mapping between PC5 and Uu (i.e. adaptation layer configuration)
2) gNB can reconfigure remote UE Uu SRB/DRB and PC5 RLC channels for relaying  
We think these functions are essential to support L2 U2N relay. Thus, we propose:
Proposal 8: L2 U2N relay system supports RRC reconfiguration procedure for both remote UE and relay UE with below new functionalities different from legacy procedure. Its details can be discussed in WI phase.
1) gNB can reconfigure relay configuration of the adaptation layer   
2) gNB can reconfigure remote UE Uu SRB/DRB and PC5 RLC channels for relaying  
An example RRC reconfiguration flow chart in L2 U2N relay can be found in Figure.1.
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Figure.1 Example of RRC reconfiguration procedure in L2 U2N relay
2.4.2 RRC Resume

Most parts of RRC establishment procedures concluded in email discussion#627 can be reused for RRC Resume. Furthermore, we think RRC Resume procedure of L2 U2N relay has the following two key differences from legacy:
1) Remote UE sends RRCResumeRequest / RRCResumeRequest1 to gNB via the Relay UE with a default L2 configuration on PC5. If the relay UE had not started in RRC_CONNECTED, it would need to do its own connection establishment/resumption with gNB.   
2) gNB responses RRCResume/RRCSetup to remote UE via the Relay UE with the default L2 configuration on PC5. 
We think these functions are essential to support L2 U2N relay. Thus, we propose:

Proposal 9: L2 U2N relay system supports RRC resume procedure for Remote UE with below new functionalities different from legacy procedure. Its details can be discussed in WI phase. 
1) Relay and gNB use default L2 PC5 configuration for relaying RRC resume messages via the Relay UE. 
2) If the relay UE had not started in CONNECTED, it would need to do its own connection establishment/resumption with gNB. During this procedure, relay UE receives the relaying configuration from gNB.  
An example RRC resume flow chart in L2 U2N relay can be found in Figure.2.
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Figure.2 Example of RRC resume procedure in L2 U2N relay

2.4.3 RRC Release

As Proposal 4/6 indicated, it is an invalid case that relay is in IDLE/INACTIVE while remote UE is in CONNECTED. Thus, it implies one new requirement for gNB in RRC release procedure: if gNB intends to send relay from CONNECTED to IDLE/INACTIVE, it is required to send all Remote UEs to IDLE/INACTIVE or switch them to other relays before releasing relay. 
Observation 5: Relay can enter IDLE/INACTIVE from CONNECTED, only after all Remote UEs in CONNECTED are transitioned to IDLE/INACTIVE. 
We think these functions are essential to support L2 U2N relay. Thus, we propose:

Proposal 10: L2 U2N relay system supports RRC release procedure for Remote UE with one new requirement for gNB. Its details can be discussed in WI phase. 
· Before releasing relay, gNB is required to send all Remote UEs to IDLE/INACTIVE or switch them to other relays.
An example RRC release flow chart in L2 U2N relay can be found in Figure.3.


[image: image3.emf]Remote UE Relay UE gNB

UL/DL data

RRCRelease

RRC release


Figure.3 Example of RRC release procedure in L2 U2N relay
2.4.4 RRC re-establishment 

Most parts of RRC establishment / resume procedures can be reused for RRC re-establishment procedure. Similarly, we think RRC re-establishment procedure of L2 U2N relay has the following 3 key differences from legacy:
1) Remote UE sends RRCReestablishmentRequest to gNB via the Relay UE with a default L2 configuration on PC5. If the relay UE had not started in RRC_CONNECTED, it would need to do its own connection establishment/resumption with gNB.   
2) gNB responses RRCReestablishment to remote UE via the Relay UE with the default L2 configuration on PC5. 
3) Remote UE sends RRCReestablishmentComplete to gNB via the Relay UE with the default L2 configuration on PC5. 
We think these functions are essential to support L2 U2N relay. Thus, we propose:

Proposal 11: L2 U2N relay system supports RRC re-establishment procedure for Remote UE with below new functionalities different from legacy procedure. Its details will be discussed in WI phase.
1) Relay and gNB use default L2 PC5 configuration for relaying RRC re-establishment messages via the Relay UE. 
3) If the relay UE had not started in CONNECTED, it would need to do its own connection establishment/resumption with gNB. During this procedure, relay UE receives the relaying configuration from gNB.  
An example RRC re-establishment flow chart in L2 U2N relay can be found in Figure.4.
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Figure.4 Example of RRC re-establishment procedure in L2 U2N relay
2.5 Paging/SI forwarding in different RRC states 

In this sub-section, we would like to discuss whether paging/SI forwarding can be supported in different RRC state combinations between remote UE and relay, as illustrated in Table.1.   
According to Table 1, it is possible that relay is in IDLE while remote UE is in INACTIVE, and vice versa. Proposal 5 implies that IDLE relay UE can monitor and forward RAN paging for an INACTIVE remote UE while Proposal 6 implies that INACTIVE relay UE can monitor and forward CN paging for an IDLE remote UE. Although some RRC spec change is required (e.g. allow INACTIVE UE not to perform NAS recovery upon reception of CN paging), we think it makes sense to support them. The details can be discussed in WI phase.
Proposal 12: RAN2 conclude that INACTIVE relay UE can monitor and forward CN paging for an IDLE remote UE. And IDLE relay UE can monitor and forward RAN paging for an INACTIVE remote UE.

Meanwhile, another possible scenario in Table 1 is also interesting: 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 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 6: In legacy NR system, CONNECTED UE only monitors paging for SI update. However, it is a valid scenario to allow relay in CONNECTED state to monitor and forward paging for remote UE. 
Proposal 13: RAN2 conclude that CONNECTED relay UE can monitor and forward CN/RAN paging for an IDLE/INACTIVE remote UE. 

3 Conclusion
In this contribution, we discuss RRC state of remote UE and relay in L2 U2N relay, and essential RRC procedures.
Observation 1: In NR Rel-15, only higher layer configurations above PDCP are stored in UE’s INACTIVE AS context. Then, because adaptation layer is between PDCP and RLC, its configuration is not stored in UE’s INACTIVE AS context, and thereby needs to be reconfigured upon resume.
Observation 2: When relay in IDLE state, it is feasible that remote UE can be in INACTIVE state because there is no coupled configuration with relay stored in INACTIVE AS context. 

Observation 3: 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 4: In summary report of email discussion#627 on L2 relay, only RRC establishment procedure was discussed. 
Observation 5: Relay can enter IDLE/INACTIVE from CONNECTED, only after all Remote UEs in CONNECTED are transitioned to IDLE/INACTIVE. 
Observation 6: In legacy NR system, CONNECTED UE only monitors paging for SI update. However, it is a valid scenario to allow relay in CONNECTED state to monitor and forward paging for remote UE. 
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: RRC INACTIVE state is supported in L2 U2N relay, and RAN2 is expected to study and conclude the below 2 essential procedures:

1) Whether support RRC resume procedure and related RRC state transition;

2) Whether support RAN paging in paging forwarding.
Proposal 3: In L2 U2N relay, when different remote UEs are connected to the same CONNECTED relay via unicast PC5 link, their RRC states are independent and may be different (i.e. IDLE or INACTIVE or CONNECTED state). 

Proposal 4: INACTIVE remote UE’s configuration on adaptation layer is not stored in UE’s INACTIVE AS context, and thereby needs to be reconfigured upon resume
Proposal 5: In L2 U2N relay, when relay in IDLE state, its connected remote UE can be in IDLE/INACTIVE state
Proposal 6: In L2 U2N relay, when relay in INACTIVE state, its connected remote UE can be in IDLE/INACTIVE state

Proposal 7: RAN2 is kindly suggested to discuss and conclude whether essential RRC procedures for remote UE in L2 U2N relay are supported in SI phase, including RRC Reconfiguration, RRC Resume, RRC Release and RRC re-establishment

Proposal 8: L2 U2N relay system supports RRC reconfiguration procedure for both remote UE and relay UE with below new functionalities different from legacy procedure. Its details will be discussed in WI phase.
1) gNB can reconfigure relay configuration of the adaptation layer   
2) gNB can reconfigure remote UE Uu SRB/DRB and PC5 RLC channels for relaying  
Proposal 9: L2 U2N relay system supports RRC resume procedure for Remote UE with below new functionalities different from legacy procedure. Its details will be discussed in WI phase. 
1) Relay and gNB use default L2 PC5 configuration for relaying RRC resume messages via the Relay UE. 
2) If the relay UE had not started in CONNECTED, it would need to do its own connection establishment/resumption with gNB. During this procedure, relay UE receives the relaying configuration from gNB.  
Proposal 10: L2 U2N relay system supports RRC release procedure for Remote UE with one new requirement for gNB. Its details can be discussed in WI phase. 
· Before releasing relay, gNB is required to send all Remote UEs to IDLE/INACTIVE or switch them to other relays.
Proposal 11: L2 U2N relay system supports RRC re-establishment procedure for Remote UE with below new functionalities different from legacy procedure. Its details will be discussed in WI phase.
1) Relay and gNB use default L2 PC5 configuration for relaying RRC re-establishment messages via the Relay UE. 
2) If the relay UE had not started in CONNECTED, it would need to do its own connection establishment/resumption with gNB. During this procedure, relay UE receives the relaying configuration from gNB.  

Proposal 12: RAN2 conclude that INACTIVE relay UE can monitor and forward CN paging for an IDLE remote UE. And IDLE relay UE can monitor and forward RAN paging for an INACTIVE remote UE.

Proposal 13: RAN2 conclude that CONNECTED relay UE can monitor and forward CN/RAN paging for an IDLE/INACTIVE remote UE. 
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