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1 Introduction
WID of Sidelink relay (RP-210904) was agreed in RAN#91e [1]. In this contribution, we discuss control plane procedure for L2 U2N relay, especially focusing on RRC connection management. System information delivery, paging and UAC are discussed in our companion paper [7]. The related WID objectives are summarized below.

The objective of this work item is to specify solutions to enable single-hop, sidelink-based, L2 and L3 based UE-to-Network (U2N) relaying. 
Work Item objectives specific to Layer-2 (L2) relaying:

6. Specify Control Plane procedures for U2N, including RRC connection management, system information delivery, paging mechanism and access control for Remote UE [RAN2, RAN3]
NOTE 2:
For L2 UE-to-Network Relay, it is assumed that the Remote UE has a single active connection towards gNB via only a single Relay UE at a given time in this release.

NOTE 3:
Only NR Uu interface, i.e. gNB, and 5GC is considered, and it is limited to NR SA scenario in this release.

NOTE 4:
Work specific to the mobility scenario of “between indirect (via a first Relay UE) and indirect (via a second Relay UE)”, and the group mobility is not supported in this release.
2 Discussion
2.1 RRC state
In TR 38.836 [2], allowed RRC stated combinations between remote UE and relay UE are captured below: 
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 of RAN2#112-e [3] 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 [4]. 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. 
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 1: 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 2: 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 1: In L2 U2N relay, allow the RRC state combination of relay in IDLE and remote UE in INACTIVE
2.2 RRC procedures
In Section 4.5.5.1 of TR 38.836 [2], RRC establishment procedure in L2 U2N relay is captured. And RRC procedures of reconfiguration/release/re-establishment/resume are briefly captured with its details left to WI phase. The main FFSs can be summarized as follow:
· FFS#1: What is “default L2 configuration” for delievery of SRB0 / SRB1 

· FFS#2: Delta content/configuration of RRC setup/reconfiguration/ re-establishment/resume/release
· FFS#3: Which message triggers IDLE/INACTIVE relay UE RRC establishment
We first discuss FFS#1 and FFS#2 together with assumption that relay is already connected to gNB, and then discuss FFS#3.
2.2.1 RRC procedure when relay UE already in CONNECTED 

In Figure 4.5.5.1-1 of TR 38.836 [2], “default L2 configuration” is used for SRB0 transmission (i.e. RRCSetupRequest/RRCSetup) in step 2. However, it is not clear what is default L2 configuration. Before discussing this issue, please note that there are 3 kinds of Uu SRB/DRB configurations according to TS 38.331 [4]:

1) Specified configuration: fixed configuration specified in Section 9.1 of 38.331 which can’t be reconfigured by the Network. 
· Please note that Uu SRB0 is always sent with specified configuration because Network configuration is not available. And SRB0 can’t be reconfigured in RRCReconfiguration message. 

2) Default configuration: fixed configuration specified in Section 9.2 of 38.331 which can be reconfigured by the Network later via RRCReconfiguration message. 
· It is used to transmit SRB1 when Network configuration is not available (e.g. RRCResume, RRCReestablishment and full configuration during HO as specified in TS 38.331 [4])
3) Network configuration: configured by Network for SRB1/SRB2/DRB transmission 

Observation 3: There are two types of “default Uu configuration” specified in TS 38.331: one is “specified configuration” referring to Section 9.1 of 38.331 which can’t be reconfigured by the Network; while the other is “default radio configuration” referring to Section 9.2 of 38.331 which can be reconfigured by the Network later.

Then, following Uu RRC principle, our understanding of RRC establishment, reconfiguration, resume, re-establishment, and release in L2 U2N relay are illustrated in Figure.1 – Figure.5, where we have highlighted which type of configuration the RRC message should use and key new configurations included in the RRC message. In addition, we also summarize them in Table 1.
	RRC message
	Deliver the RRC message with what configuration
	Relay related configuration which can be included in the RRC message

	RRCSetupRequest/

RRCResumeRequest/

RRCResumeRequest1/

RRCReestablishmentRequest/
RRCReject
	Specified configuration of SRB0
	N/A

	RRCSetup
	Specified configuration of SRB0
	· PC5 RLC/LCH config for Uu SRB1 
· Uu PDCP config for Uu SRB1

	RRCResume
	Default configuration of SRB1 which can reconfigured
	· PC5 RLC/LCH config for Uu SRB1/SRB2/DRB

· Uu PDCP config for Uu SRB1/SRB2/DRB
· SDAP config for Uu DRB

	RRCReestablishment
	Default configuration of SRB1 which can reconfigured
	N/A

	RRCRelease
	Network configuration of SRB1
	N/A

	RRCReconfiguration 
for Remote UE
	Network configuration of SRB1 
	· PC5 RLC/LCH config for Uu SRB1/SRB2/DRB

· Uu PDCP config for Uu SRB1/SRB2/DRB

· SDAP config for Uu DRB

	RRCSetupComplete/

RRCResumeComplete/

RRCReestablishmentComplete/

RRCReconfigurationComplete
	Network configuration of SRB1
	N/A

	RRCReconfiguration 
for Relay UE
	Network configuration of SRB1
	· PC5 RLC/LCH config for Uu SRB1/SRB2/DRB 

· Uu RLC/LCH config for SRB1/SRB2/DRB  

· Config of bearer mapping between PC5 and Uu


Table.1 Summary of config for RRC message transmission and relay related configuration 
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Figure.1 RRC establishment procedure in L2 U2N relay
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Figure.2 RRC reconfiguration procedure in L2 U2N relay
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Figure.3 RRC resume procedure in L2 U2N relay

[image: image4.emf]Remote UE Relay UE gNB

Msg-1: RRCReestablishmentRequest via SRB0 with specified config

Msg-2: RRCReestablishment via SRB1 with default config

RRC CONNECTED

        Msg-4: RRCReestablishmentComeplete via SRB1 configured by gNB

Msg-3: RRCReconfiguration via SRB1 configured by gNB

(including PC5 and Uu RLC config for SRB/DRB,

bearer mapping config)

Relay (re)selection and 

unicast PC5 link setup

   

Figure.4 RRC re-establishment procedure in L2 U2N relay
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Figure.5 RRC release procedure in L2 U2N relay

Based on table 1 and Figure 1-5, we have below proposal for delivery of RRC message on SRB0:
Proposal 2: For delivery of RRC message on Uu SRB0 via L2 relay (including RRCSetupRequest / RRCResumeRequest / RRCResumeRequest1 / RRCReestablishmentRequest / RRCSetup / RRCReject), rely on following specified configuration which can’t be reconfigured: 
1) PC5 RLC/LCH configuration for remote UE and relay UE
2) Bearer mapping configuration between PC5 and Uu for relay UE

And we have below proposal for delivery of RRC message on SRB1:
Proposal 3: For delivery of RRCResume/RRCReestablishment on Uu SRB1 via L2 relay, rely on following default configuration which can be reconfigured: 
1) PC5 RLC/LCH configuration for remote UE and relay UE
2) Uu PDCP configuration for remote UE

3) Bearer mapping configuration between PC5 and Uu for relay UE
Proposal 4: For delivery of RRC message on Uu SRB1 via L2 relay except RRCResume/RRCReestablishment, rely on following Network configuration: 
1) PC5 RLC/LCH configuration for remote UE and relay UE
2) Uu PDCP configuration for remote UE

3) Bearer mapping configuration between PC5 and Uu for relay UE
The proposal for delivery of SRB2 / DRB is:
Proposal 5: For delivery of Uu SRB2 via L2 relay, rely on following Network configuration: 
1) PC5 RLC/LCH configuration for remote UE and relay UE
2) Uu PDCP configuration for remote UE

3) Bearer mapping configuration between PC5 and Uu for relay UE
Proposal 6: For delivery of Uu DRB via L2 relay, rely on following Network configuration: 
1) PC5 RLC/LCH configuration for remote UE and relay UE
2) Uu PDCP/SDAP configuration for remote UE

3) Bearer mapping configuration between PC5 and Uu for relay UE
With regarding to relay related contents/configuration in each RRC message, our proposals are:
Proposal 7: In RRCSetup message towards remote UE, gNB can include PC5 RLC/LCH config for Uu SRB1 and Uu PDCP config for Uu SRB1
Proposal 8: In RRCResume / RRCReconfiguration message towards remote UE, gNB can include PC5 RLC/LCH config for Uu SRB1/SRB2/DRB, Uu PDCP config for Uu SRB1/SRB2/DRB, and Uu SDAP config for Uu DRB
Proposal 9: In RRCReconfiguration message towards relay UE, gNB can include PC5 RLC/LCH config for Uu SRB1/SRB2/DRB, Uu RLC/LCH config for Uu SRB1/SRB2/DRB, and bearer mapping configuration between PC5 and Uu
Finally, we have another issue on RRC release. 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 release 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 4: Relay can enter IDLE/INACTIVE from CONNECTED, only after all Remote UEs in CONNECTED are transitioned to IDLE/INACTIVE
Thus, we propose:
Proposal 10: Before releasing relay UE, gNB is required to send all remote UEs to IDLE/INACTIVE or switch them to other relays

2.2.2 RRC procedures when relay UE in IDLE/INACTIVE 
In RAN2#113-e [5], which message from remote UE can trigger IDLE/INACTIVE relay UE to perform connection establishment was discussed in offline#605 [6]. However, it was not agreed among below two alternatives:

· Alt-1: Reception of first RRC message with specified configuration from remote UE (e.g. RRCSetupRequest) 
· Alt-2: Reception of PC5 connection request from the Remote UE
Finally, an FFS is captured in section 4.5.5.1 of TR 38.836 [2]:

From Section 4.5.5.1 of TR 38.836

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 upon reception of a message on the default L2 configuration on PC5. The details for Relay UE to forward the RRCSetupRequest/RRCSetup message for Remote UE at this step can be discussed in WI phase. 
Between them, we prefer Alt-1 because Alt-2 implies that relay UE has to stay in RRC_CONNECTED state even if only one remote UE is PC5 connected, which is unnecessary and worse relay UE’s power consumption performance
Proposal 11: Upon reception of first RRC message with specified configuration from remote UE (e.g. RRCSetupRequest), relay UE in IDLE/INACTIVE state triggers RRC establishment
2.3 RLM

We think that one important issue related to control plane procedure was missed in SI phase: 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. 

Observation 5: 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 12: Remote UE in RRC_CONNECTED state performs relaxed Uu RLM or suspends Uu RLM with gNB. 
3 Conclusion
In this contribution, we discuss control plane procedure for L2 U2N relay, especially focusing on RRC connection management. System information delivery, paging and UAC are discussed in our companion paper [7].
Our observations are:

Observation 1: 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 2: 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 3: There are two types of “default Uu configuration” specified in TS 38.331: one is “specified configuration” referring to Section 9.1 of 38.331 which can’t be reconfigured by the Network; while the other is “default radio configuration” referring to Section 9.2 of 38.331 which can be reconfigured by the Network later.

Observation 4: Relay can enter IDLE/INACTIVE from CONNECTED, only after all Remote UEs in CONNECTED are transitioned to IDLE/INACTIVE
Observation 5: 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.
Based on discussion, our proposals are:
RRC state

Proposal 1: In L2 U2N relay, allow the RRC state combination of relay in IDLE and remote UE in INACTIVE
Configuration to deliver RRC message
Proposal 2: For delivery of RRC message on Uu SRB0 via L2 relay (including RRCSetupRequest / RRCResumeRequest / RRCResumeRequest1 / RRCReestablishmentRequest / RRCSetup / RRCReject), rely on following specified configuration which can’t be reconfigured: 
1) PC5 RLC/LCH configuration for remote UE and relay UE
2) Bearer mapping configuration between PC5 and Uu for relay UE

Proposal 3: For delivery of RRCResume/RRCReestablishment on Uu SRB1 via L2 relay, rely on following default configuration which can be reconfigured: 
1) PC5 RLC/LCH configuration for remote UE and relay UE
2) Uu PDCP configuration for remote UE

3) Bearer mapping configuration between PC5 and Uu for relay UE
Proposal 4: For delivery of RRC message on Uu SRB1 via L2 relay except RRCResume/RRCReestablishment, rely on following Network configuration: 
1) PC5 RLC/LCH configuration for remote UE and relay UE
2) Uu PDCP configuration for remote UE

3) Bearer mapping configuration between PC5 and Uu for relay UE
Proposal 5: For delivery of Uu SRB2 via L2 relay, rely on following Network configuration: 
1) PC5 RLC/LCH configuration for remote UE and relay UE
2) Uu PDCP configuration for remote UE

3) Bearer mapping configuration between PC5 and Uu for relay UE
Proposal 6: For delivery of Uu DRB via L2 relay, rely on following Network configuration: 
1) PC5 RLC/LCH configuration for remote UE and relay UE
2) Uu PDCP/SDAP configuration for remote UE

3) Bearer mapping configuration between PC5 and Uu for relay UE
Relay related configuration included in RRC message
Proposal 7: In RRCSetup message towards remote UE, gNB can include PC5 RLC/LCH config for Uu SRB1 and Uu PDCP config for Uu SRB1
Proposal 8: In RRCResume / RRCReconfiguration message towards remote UE, gNB can include PC5 RLC/LCH config for Uu SRB1/SRB2/DRB, Uu PDCP config for Uu SRB1/SRB2/DRB, and Uu SDAP config for Uu DRB

Proposal 9: In RRCReconfiguration message towards relay UE, gNB can include PC5 RLC/LCH config for Uu SRB1/SRB2/DRB, Uu RLC/LCH config for Uu SRB1/SRB2/DRB, and bearer mapping configuration between PC5 and Uu
Other issues on RRC procedures

Proposal 10: Before releasing relay UE, gNB is required to send all remote UEs to IDLE/INACTIVE or switch them to other relays

Proposal 11: Upon reception of first RRC message with specified configuration from remote UE (e.g. RRCSetupRequest), relay UE in IDLE/INACTIVE state triggers RRC establishment

Proposal 12: Remote UE in RRC_CONNECTED state performs relaxed Uu RLM or suspends Uu RLM with gNB. 
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