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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 system information delivery, paging, and UAC. RRC connection management is 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 Paging delivery 
2.1.1 Security concern of paging relaying

In TR 38.836 [2], it captured to reuse FeD2D paging relaying solution for L2 U2N relay as highlighted: 
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 CN paging’s PO is calculated with 5G-S-TMSI as input, it implies that remote UE’s 5G-S-TMSI may need to be shared with relay UE. We think it may have security concern, e.g., it can be used by the relay to track the UE. Someone may argue that RRCSetupRequest has included 5G-S-TMSI in plain text to send in air interface. Why there is not security issue there? However, according to TS 23.501 [11], when the procedure is triggered by paging, the AMF shall allocate a new 5G GUTI so that it would not be reused. Thus, with similar logic, RAN2 should be careful.
RAN2 could send LS to SA3 to check whether any issue. However, considering the tight schedule of sidelink relay WI, we prefer to conclude to share remote UE’s PO directly, to avoid possible back and forth before RAN3 and SA3.

Observation 1: Reusing FeD2D paging solution implies that remote UE’s 5G-S-TMSI may need to be shared with relay UE, which may cause security concern (e.g., it can be used by the relay to track the remote UE) 

Proposal 1: RAN2 conclude that remote UE shares its calculated PO with relay for paging relaying (i.e. no need to share its 5G-S-TMSI to relay), to avoid sending LS to SA3. 

2.1.2 Paging relaying in different RRC state

In RAN2#112-e [3], 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] as highlighted.
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 [4]:
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 2: 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. Note that in our companion contribution [7], we have discussed the necessity to support the RRC state combination of relay in IDLE and remote UE in INACTIVE.
Proposal 2: 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 3: 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 it. Details can be FFS.

Observation 3: 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 4: CONNECTED relay UE can monitor and forward CN/RAN paging for an IDLE/INACTIVE remote UE. 
2.2 SIB delivery
In TR 38.836 [2], there are 3 FFSs related to SIB forwarding as highlighted below:
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). DedicatedSIBRequest procedure is re-used for the Remote UE in RRC_CONNECTED to request SI via the Relay UE.  For the Remote UE in RRC_IDLE/RRC_INACTIVE, how on-demand SI procedure differs from legacy can be discussed in the WI phase.

A Remote UE (IC or OOC) can request/receive SI via the Relay UE when PC5-RRC connected to a Relay UE.  Reception via Uu for IC Remote UE can be discussed in the WI phase.
We would like to discuss them in following 3 subsections.

2.2.1 SIB delivery before PC5 connection
Before connecting to relay UE via unicast PC5 link, remote UE in L2 relay system needs to obtain at least below information from gNB when intended to establish RRC connection:

· Cell access parameters (e.g. PLMN identity, cell identity, cell barring info)
· Configuration to initialize RRC connection establishment (e.g. values of timer T300/T319)

· UAC configuration 
These parameters are generally included in Uu MIB/SIB1. 
Observation 4: Before initializing RRC establishment, remote UE needs to obtain at least Cell access related parameters, configuration to initialize RRC connection establishment, and UAC configuration from relay
However, because remote UE may be in out-of-coverage (OOC), it has to acquire such info from relay UE. Thus, we think it makes sense that relay UE can broadcast / groupcast such info for remote UE to initialize RRC connection establishment and perform UAC. Because not all the info in Uu MIB/SIB1 are required for remote UE, we think only a small set of essential parameters of SIB is sufficient. We name it E-SIB (i.e. Essential SIB).
Proposal 5: Before connected to Relay UE, remote UE can acquire a small set of essential parameters of system information (a.k.a., E-SIB) broadcast / groupcast by relay UE. E-SIB includes cell access parameter (e.g. PLMN ID, cell ID, cell barring), configuration to initialize RRC establishment (e.g. T300/T319) and UAC configuration 
With regarding to how E-SIB is generated by relay UE, we basically have two alternatives:
· Alt-1: Generated by relay UE based on Uu SIBs

· Alt-2: gNB broadcast E-SIB in a separate SIB (e.g. SIB 15), so relay can forward it to remote UE 
Between them, we prefer Alt-1 because Alt-2 needs to introduce a new Uu SIB which is not necessary. 
Proposal 6: E-SIB is generated by relay UE based on Uu SIBs, i.e. no need to introduce a new Uu SIB to provide E-SIB.
Then, on how E-SIB is transmitted by relay UE, as its intention is for “discovery”, we think it should be periodically sent as part of the discovery procedure. However, whether it can be included as part of discovery message or a separate message can be further studied. Specifically, the two alternatives are:
· Alt-1: E-SIB is included as part of discovery message
· Alt-2: E-SIB is sent in a separate discovery protocol message (e.g. similar to discovery metadata in LTE)
We slightly prefer Alt-1 but we are not sure whether discovery message has payload size issue if including E-SIB. And it may be related to SA2 discussion. Thus, we suggest to further study these two options.

Proposal 7: E-SIB is a periodically groupcast/broadcast message sent as part of the discovery procedure. FFS whether it is included as part of discovery message or sent in a separate discovery protocol message (e.g. similar to discovery metadata in LTE)
2.2.2 SIB delivery after PC5 connection
After connecting to relay UE via unicast PC5 link, its connection is now managed via the relay UE. To make it efficient and simple, we think remote UE should receive SIB and paging only from relay UE, i.e. reception via Uu for in-coverage remote UE is unnecessary.
Proposal 8: After connected to relay UE, in-coverage and out-of-coverage remote UE receives SIB and paging only from relay UE 
As indicated in copy from TR 38.836, “relay UE can forward the system information to Remote UE via broadcast, groupcast, or dedicated PC5-RRC signaling”. After relay connected, there is no doubt that dedicated PC5-RRC signalling can be used for SIB delivery. However, it is not clear whether broadcast/groupcast can also be used for SIB forwarding. Considering some SIB(s) are common interest for remote UEs (e.g. PWS), we think it makes sense for relay UE to groupcast/broadcast these SIB(s), to reduce forwarding signalling overhead. A followed question is in which way SIB(s) can be groupcast/broadcast. We think it can be Rel-16 specified PC5 communication signal, or a separate discovery protocol message. Which one to adopt can be further discussed. 
Observation 5: To reduce forwarding signaling overhead, it makes sense for relay UE to groupcast/broadcast some SIB(s) which are common interest for its remote UEs after relay connection
Thus, we proposed that after relay connection, relay UE can forward SIB(s) to remote UE via broadcast, groupcast, or dedicated PC5-RRC signaling. And it is up to relay UE implementation which way to use. 
Proposal 9: After connected to relay UE, it is up to relay UE implementation whether to forward SIB(s) via unicast PC5 RRC message or groupcast / broadcast PC5 message (e.g. PWS and/or SIBs which have common interest for its connected remote UEs). FFS the groupcast/broadcast PC5 message is PC5 communication signal or a separate discovery protocol message 
2.2.3 On-demand SIB acquisition
In RAN2#113-e [5], on-demand SI procedure of IDLE/INACTIVE remote UE was discussed in offline#605 [6]. However, it was not concluded due to lack of time. We think legacy on-demand SIB acqusition procedure can’t work for IDLE/INACTIVE remote UE. The reason is that legacy procedure of IDLE/INACTIVE UE’s on-demand SIB acquisition (i.e. RRCSystemInfoRequest procedure as specified in Rel-15) needs to receive Msg4 addressed with TC-RNTI as response before monitoring SIB. However, if remote UE is connected to relay, there is no Msg1/2 and thereby TC-RNTI can’t be obtained in Msg2. Thus, some spec change is needed if supporting IDLE/INACTIVE UE. 

Observation 6: Legacy on-demand SIB acquisition procedure can’t work for IDLE/INACTIVE remote UE because RRCSystemInfoRequest procedure needs to receive Msg4 addressed with TC-RNTI before monitoring SIB. However, there is no Msg1/2 for remote UE and thereby TC-RNTI can’t be obtained in Msg2
[image: image1.emf]Remote UE Relay gNB

RRCReconfigurationSidelink

(dedicated SIB)

RRCReconfigurationSidelink

(requestSIBx)

On-demand SIB acqusition


Figure.1 Illustration of on-demand SIB procedure for IDLE/INACTIVE remote UE
To resolve this issue, the simplest solution is to allow relay UE to be aware of the on-demand SIB request from remote UE. As illustrated in Figure.1, when remote UE initiates on-demand SIB acquisition in IDLE / INACTIVE state, it informs relay UE on requested SIB type(s) via PC5 RRC message. Then, relay UE triggers legacy on-demand SIB acquisition procedure and includes the acquired SIB in PC5 RRC message.

Proposal 10: When remote UE initiates on-demand SIB acquisition in IDLE / INACTIVE state, it informs relay UE on requested SIB type(s) via PC5 RRC message. Then, relay UE triggers legacy on-demand SIB acquisition procedure and includes the acquired SIB in PC5 RRC message.
2.3 UAC
In TR 38.836 [2], it captured that UAC is performed at remote UE rather than relay UE, but its details are not discussed.
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.
Please note that we proposed to include UAC configuration in E-SIB in proposal 5. Thus, UAC configuration is available to remote UE either via E-SIB before relay connection or via SIB forwarding after relay connection. Then, we don’t think spec change is required. Someone may argue that a different set of UAC parameter needs to be introduce because remote UE uses PC5 radio resource rather than Uu radio resource. However, we think gNB can use RRCReject message to bar some remote UE in this case. 
Proposal 11: RAN2 confirm that no spec change is required for remote UE performing UAC

2.4 IDLE/INACITVE mobility
In RAN2#113-e, there were some discussion on the relationship between cell (re)selection and relay (re)selection. Specifically, [10] proposed that cell selection and reselection procedure need to allow the UE to camp on relay UE. The main consideration is that remote UE needs to also know the serving cell of the relay UE can be a suitable cell for itself, given all the access control and other aspects. We agree with the intention. However, cell (re)selection is not in scoping of WID (RP-210904) [1], and specifying a standardized approach will introduce significant change to TS 38.304 (e.g. definition of “suitable relay” and PC5 IDLE measurement) and the impact may be cross-WG. To make it simple, we propose to allow a remote UE to select a cell or relay for support of IDLE/INACTIVE mobility based on UE implementation, i.e. no spec impact in 38.304 is required in this release.
Proposal 12: Remote UE may base on implementation select a cell or relay to support IDLE/INACTIVE mobility to direct or indirect path in this release (i.e. no spec impact in 38.304 is required)
Meanwhile in email discussion#627 [8] of RAN2#112-e, the issue of TAU/RNAU was discussed. Specifically, [9] 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. In addition, we are not sure whether any security concern if allowing relay UE to do TAU/RNAU on behalf of remote UE(s).
Observation 7: Group mobility solution of TAU/RNAU has CN impacts, and RAN2/SA2 has de-prioritized group mobility in this release
One small issue is that when relay UE is also in IDLE/INACTIVE, maybe there is some conflicted TAI list between remote UE and relay UE. We think it is up to Network implementation to avoid such confliction. 
Proposal 13: RAN2 conclude that relay and remote UE follow legacy TAU/RNAU procedure / signaling without extra CN impacts in this release. When relay UE is also in IDLE/INACTIVE, it is up to Network implementation to ensure that its TAI list is not conflicted with the TAI list of remote UE.  

3 Conclusion
In this contribution, we discuss control plane procedure for L2 U2N relay, especially focusing on system information delivery, paging and UAC. RRC connection management are discussed in our companion paper [7].
Our observations are:

Observation 1: Reusing FeD2D paging solution implies that remote UE’s 5G-S-TMSI may need to be shared with relay UE, which may cause security concern (e.g., it can be used by the relay to track the remote UE) 

Observation 2: 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 3: 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 4: Before initializing RRC establishment, remote UE needs to obtain at least Cell access related parameters, configuration to initialize RRC connection establishment, and UAC configuration from relay
Observation 5: To reduce forwarding signaling overhead, it makes sense for relay UE to groupcast/broadcast some SIB(s) which are common interest for its remote UEs after relay connection

Observation 6: Legacy on-demand SIB acquisition procedure can’t work for IDLE/INACTIVE remote UE because RRCSystemInfoRequest procedure needs to receive Msg4 addressed with TC-RNTI before monitoring SIB. However, there is no Msg1/2 for remote UE and thereby TC-RNTI can’t be obtained in Msg2
Observation 7: Group mobility solution of TAU/RNAU has CN impacts, and RAN2/SA2 has de-prioritized group mobility in this release
Based on discussion, our proposals are:

Paging delivery

Proposal 1: RAN2 conclude that remote UE shares its calculated PO with relay for paging relaying (i.e. no need to share its 5G-S-TMSI to relay), to avoid sending LS to SA3. 

Proposal 2: 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 3: IDLE relay UE can monitor and forward RAN paging for an INACTIVE remote UE.

Proposal 4: CONNECTED relay UE can monitor and forward CN/RAN paging for an IDLE/INACTIVE remote UE. 
SIB delivery

Proposal 5: Before connected to Relay UE, remote UE can acquire a small set of essential parameters of system information (a.k.a., E-SIB) broadcast / groupcast by relay UE. E-SIB includes cell access parameter (e.g. PLMN ID, cell ID, cell barring), configuration to initialize RRC establishment (e.g. T300/T319) and UAC configuration 

Proposal 6: E-SIB is generated by relay UE based on Uu SIBs, i.e. no need to introduce a new Uu SIB to provide E-SIB.

Proposal 7: E-SIB is a periodically groupcast/broadcast message sent as part of the discovery procedure. FFS whether it is included as part of discovery message or sent in a separate discovery protocol message (e.g. similar to discovery metadata in LTE)

Proposal 8: After connected to relay UE, in-coverage and out-of-coverage remote UE receives SIB and paging only from relay UE 

Proposal 9: After connected to relay UE, it is up to relay UE implementation whether to forward SIB(s) via unicast PC5 RRC message or groupcast / broadcast PC5 message (e.g. PWS and/or SIBs which have common interest for its connected remote UEs). FFS the groupcast/broadcast PC5 message is PC5 communication signal or a separate discovery protocol message. 
Proposal 10: When remote UE initiates on-demand SIB acquisition in IDLE / INACTIVE state, it informs relay UE on requested SIB type(s) via PC5 RRC message. Then, relay UE triggers legacy on-demand SIB acquisition procedure and includes the acquired SIB in PC5 RRC message.
UAC

Proposal 11: RAN2 confirm that no spec change is required for remote UE performing UAC
IDLE mobility

Proposal 12: Remote UE may base on implementation select a cell or relay to support IDLE/INACTIVE mobility to direct or indirect path in this release (i.e. no spec impact in 38.304 is required)
Proposal 13: RAN2 conclude that relay and remote UE follow legacy TAU/RNAU procedure / signaling without extra CN impacts in this release. When relay UE is also in IDLE/INACTIVE, it is up to Network implementation to ensure that its TAI list is not conflicted with the TAI list of remote UE.  
4 References
[1] RP-210904, New WID on NR Sidelink Relay.

[2] TR 38.836, v-1.0.0, Study on NR sidelink relay.

[3] RAN2#112-e, Chair Notes.

[4] TS 38.304, v16.1.0.

[5] RAN2#113-e, Chair Notes.

[6] R2-2102110
, Summary of [AT113-e][605][Relay] Continuation of L2 architecture issues (InterDigital), InterDigital.

[7] R2-2102693, RRC management procedures of L2 U2N relay, Qualcomm Incorporated.

[8] R2-2009122, Final Summary and proposals based on the email discussion [Post111-e][627][Relay] Remaining issues on L2 architecture 
[9] R2-2009230, RAN2 impacts introduced by Layer 2 SL relay, Ericsson
[10] R2-2100111, Left issues on L2 Relay, OPPO
[11] TS 23.501, v16.5.0.


