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1 Introduction
The sidelink relay has been discussed in RAN2 for several meeting. One of important issue is the connection management for the remote UE. In this contribution, we will address this issue by taking CU-DU split into account. 
2 Discussion 
2.1 Basic principles

· Protocol stack for sidelink relay

The endorsed RAN2 stage-2 CR [R2-2108924] gives the protocol stack for sidelink relay. In case of CU-DU split, the corresponding protocol stacks are given as below for user plane and control plane, respectively:
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Fig. 1 protocol stack 
Proposal 1-1: RAN3 agrees the protocol stack for sidelink relay in case of disaggregated gNB structure. 
· F1/E1 signaling for remote UE
The sidelink relay allows a remote UE connects to the gNB/gNB-CU via a relay UE. In other words, the remote UE can be considered as a child UE of the relay UE. Thus, a fundamental issue is that whether the remote UE is independently controlled by the gNB or all the control to the remote UE can be realized by the signaling of the relay UE. Specifically, if the gNB consists of gNB-CU-CP, gNB-CU-UP and gNB-DU, one possible way for remote UE control is to use UE-associated F1AP/E1AP signaling of the relay UE; another way is to use UE-associated F1AP/E1AP signaling of remote UE (i.e., separated F1/E1 association is established for each remote UE). We understand that an intuitive way is to use separate F1/E1 association for each remote UE, which introduces much less specification impact. However, it may be better to have a common understandings in RAN3 before discussing each RAN3 dedicated issues. 
Proposal 1-2: in case of split RAN, the dedicated F1/E1 association should be established for each remote UE over F1/E1 interface.

In the following, we carry out our discussion based on the above proposal. 
· Local/temp remote UE ID allocation

Another important issue before discussing the details is the allocation of local/temp remote UE ID. RAN2 already agreed:

Proposal 8

Serving gNB of relay UE assigns the local/temp remote UE ID.
However, the uncertain part is which node to assign such ID in case of CU-DU split case, which depends on the ID design in RAN2. Till now, we can consider the following options for the ID design:

· Option 1: gNB-CU specific – the ID is unique in one gNB-CU 

· Option 2: gNB-DU specific – the ID is unique in one gNB-DU 

· Option 3: Cell specific – the ID is unique in one cell 

· Option 4: relay UE specific – the ID is unique in one relay UE
The option 1 indicates that only gNB-CU can allocate the ID, while for the other three options, both gNB-CU and gNB-DU can assign the ID. Since the local/temp remote UE ID will be included in the adaptation header in Uu link, it is better to have a short length to reduce the overhead over Uu. Obviously, Option 4 can cause the shortest length of the ID, and such option indicates that both gNB-CU and gNB-DU can allocate this ID.

Proposal 1-3: RAN3 discuss which node (gNB-CU or gNB-DU) to allocate the local/temp remote UE ID.
2.2 RRC connection establishment

In the endorsed RAN2 stage-2 CR [R2-2108924], the remote UE connection establishment procedure is given as the following figure:
· Step 1: it is mainly for the PC5 connection establishment, which is in RAN2 scope. 
· Step 2&3:  it determines the SRB1 setup for the remote UE, which has RAN3 impact. 
· Steps 4~6: it is mainly for some RRC message transfer via the configured SRB1 over PC5 and Uu RLC channel. For step 5, the F1 UE context setup procedure is triggered together with security activation, then step 6 contains the SRB2/DRB configuration to the remote UE. During these steps, the mapping configuration between the Uu RLC channel and PC5 RLC channel should be carried out as well. To realize this, especially for CU-DU split case, the mapping configuration needs perform between CU and DU. Thus, RAN3 impact can be foreseen. In this contribution, we will discuss the implemetation orders of each step, while the detailed design will be addressed in our another contribution [R2-214881] since Step 6 is not only used for RRC connection establishment, but also applicable for the configuration during the RRC_CONNECTED status.
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Fig. 2

By taking the CU-DU split into account, the RRC establishment procedure can be given as the following figure, and we propose:
Proposal 2-1: RAN3 agrees the RRC establishment procedure shown in Fig. 3 as the baseline.
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Fig. 3
Issue 1: step 2a (relay UE enters RRC_CONNECTED status) related

 RAN2 already agreed:

· [Easy]Proposal 7: As baseline, Remote UE and relay UE performs connection establishment/resume independently, i.e. relay UE shall enter CONNECTED to be able to forward remote UE’s initial RRC messages. (20/20)

Thus, step 2a should be performed before forwarding RRCSetupReq message of remote UE. Moreover, the following agreements indicate Uu RLC configuration for remote UE’s SRB0 message should be configured before step 2b, i.e., step 2a. In case of CU-DU split, the gNB-CU should configure the gNB-DU to generate the configurations of the Uu RLC bearer for remote UE’s SRB0 message.  
[Easy]Proposal 1: Uu RLC configuration for remote UE’s SRB0 message could be (re)configured by NW. FFS whether default configuration is supported. (17/20)
The uncertain issue is whether such Uu RLC configurations is remote UE specific or a default one, which needs RAN2 progress. 

Proposal 2-2: in case of CU-DU split, the gNB-CU should configure gNB-DU to generate the (default) configurations for Uu RLC bearer for remote UE’s SRB0 message. 
Issue 2: Step 2b – how to identify a new remote UE when receiving RRCSetupReq message over Uu RLC channel

RAN2 agreement indicates that the gNB-DU can identify the SRB0 RRC message of the remote UE according to the Uu RLC channel, although the detailed Uu configuration is still FFS. Thus, it can trigger the step 2c (i.e., INITIAL UL RRC MESSAGE TRANSFER) to start the F1 association establishment for the remote UE. 
Proposal 2-3: the INITIAL UL RRC MESSAGE TRANSFER message is triggered for a new remote UE when the gNB-DU receives a RRC message via the Uu RLC bearer configurations for remote UE’s SRB0. 

Issue 3: Step 2c (INITIAL UL RRC MESSAGE TRANSFER for remote UE) related
The association between relay UE and the remote UE is necessary for the following-up configurations at gNB-CU (e.g., mapping configuration between Uu and PC5). When gNB-DU receives SRB0 RRC message in step 2b, it can obtain the associated relay UE directly. Thus, gNB-DU can include the information of the associated relay UE (e.g., C-RNTI of relay UE) when sending the INITIAL UL RRC MESSAGE TRANSFER message. Note that, in case of non-split gNB, the gNB can naturally identify the associated relay UE so that no additional information is needed.  

Proposal 2-4: the INITIAL UL RRC MESSAGE TRANSFER message for remote UE can contain the information of the associated relay UE (e.g., C-RNTI). 

· Admission result of gNB-DU
In legacy procedure, the DU to CU RRC Container IE can be provided by gNB-DU to gNB-CU in INITIAL RRC MESSAGE TRANSFER message to provide SRB1 configuration at least for the accessing UE. At gNB-CU side, the inclusion of such IE can implicitly indicate the success admission of gNB-DU as indicated by the following text:
	TS38.473
If the DU to CU RRC Container IE is not included in the INITIAL UL RRC MESSAGE TRANSFER, the gNB-CU should reject the UE under the assumption that the gNB-DU is not able to serve such UE. If the gNB-DU is able to serve the UE, the gNB-DU shall include the DU to CU RRC Container IE and the gNB-CU shall configure the UE as specified in TS 38.331 [8].


However, for sidelink relay case, the remote UE needs the sidelink low layer configuration (at least for delivering SRB1 message over RLC bearer), which is different from the existing DU to CU RRC Container IE. In other words, the content in DU to CU RRC container IE of legacy initial accessing procedure, i.e., CellGroupConfig, is not needed. Thus, RAN3 needs to discuss how to reflect the admission result of gNB-DU in INITIAL RRC MESSAGE TRANSFER for remote UE. 
Proposal 2-5: RAN3 discusses how to reflect the admission result at the gNB-DU side for remote UE in INITIAL UL RRC MESSAGE TRANSFER. 

Issue 4:  Implementation timing for Step 3 (prepare PC5 and Uu RLC channel for SRB1) 

This step is mainly for the configuration to transmit SRB1 messages (RRCReconfigurationComplete message is the first SRB1 message during initial access). According to RAN2 agreements, the configuration details (e.g., whether it is a default configuration or not, which signaling is used for configuration) are still under discussion. However, one thing that RAN3 can identify is that if the step 3 is performed after sending RRCSetup message to the remote UE(step 2f), the initial access delay of the remote UE will be largely increased. Alternatively, if step 3 can be implemented before, the PC5 RLC channel configuration for SRB1 can be provided via RRCSetup message. Thus, it is better to have discussion in RAN3 on the timing of implementing step 3. 

Proposal 2-6: RAN3 discusses the timing of implementing step 3 (i.e., prepare PC5 and Uu RLC channel for SRB1 of remote UE).
Issue 5: Implementation timing for preparing PC5 and Uu RLC channel for SRB2/DRB

In legacy procedure, the SRB2/DRB configuration can be performed over F1 during step 5c and 5e so that step 6a~6c can configure the UE. Similarly, for sidelink relay, Step 5c can provides SRB2/DRB configuration request to the gNB-DU; meanwhile, this step can be used to configure mapping for SRB2/DRB over the Uu RLC bearers; after that, the step 6a~6c can be used to configure the PC5 link of remote UE. To achieve this, the Uu RLC bearers for relay UE should be configured in advance. This can speed up the SRB2/DRB mapping configuration between Uu and sidelink for remote UE. Thus, RAN3 can also discuss the timing of implement step 6h. 
Proposal 2-7: RAN3 discusses the timing of implementing step 6h (i.e., prepare PC5 and Uu RLC channel for SRB2/DRB of remote UE).
2.3 RRC Connection Reestablishment
By taking CU-DU split into account, the following figure gives the procedure for remote UE, and we propose:
Proposal 3-1: RAN3 agrees the RRC reestablishment procedure shown in Fig. 4 as the baseline.
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Fig. 4
Issue: implementation of preparing PC5 and Uu RLC channel for SRB1
Steps 1~2c are same as the RRC connection establishment procedure. After receiving the RRCReestablishmentRequest message, the gNB-CU can determine that whether the remote UE re-establishes connection via the same relay UE or not. If it is the same relay UE, the original Uu link configuration can be used for RRCReestablishment transmission, and step 2f&2g can be implemented as the configurations before reestablishment. However, if it is not the same relay UE, in order to transmit RRCReestablishment message, RAN2 achieves the following agreement:

Proposal 6-3: [23/23] [Easy] For the delivery of remote UE’s SRB1 RRC message such as RRCResume and RRCReestablishment message, default configuration is used for the configuration of PC5 RLC channel which can be reconfigured by network. FFS for Uu RLC channel. 

Proposal 3: Uu RLC configuration for remote UE’s SRB1 message such as RRCResume and RRCReestablishment message could be (re-)configured by NW via dedicated signalling.
It indicates that the Uu RLC configuration for RRCReestablishment message should be ready before step 2e (details on Uu RLC configuration and adaptation header information need RAN2 progress). In other words, different from initial access, RRC reestablishment procedure requires to implement PC5 and Uu RLC bearer configuration for SRB1 before sending RRCReestablishment message (i.e., after 2c). 

Proposal 3-2: RAN3 discusses the implementation timing of preparing PC5 and Uu RLC channel for SRB1 for RRC Reestablishment procedure
2.4 RRC Connection Resume
By taking CU-DU split into account, the following figure gives the procedure for remote UE, and we propose:

Proposal 4-1: RAN3 agrees the RRC resume procedure shown in Fig. 5 as the baseline.
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Fig. 5

Issue: implementation of preparing PC5 and Uu RLC channel for SRB1
Similar to RRC reestablishment, the implementation of preparing PC5 and Uu RLC channel for SRB1 can be performed before sending RRCResume message to speed up resume procedure. 

Proposal 4-2: RAN3 discusses the implementation timing of preparing PC5 and Uu RLC channel for SRB1 for RRC Resume procedure.
2.5 Paging 
· Case 1: both remote UE and relay UE in RRC_IDLE/RRC_INACTIVE
In this case, RAN2 has the following agreements:

· [Easy]Proposal 4: RRC_IDLE/RRC_INACTIVE remote UE provides 5G-S-TMSI/I-RNTI to RRC_IDLE/RRC_INACTIVE relay UE. (17/20)

· [Easy]Proposal 5: RRC_IDLE/RRC_INACTIVE Relay UE decodes received paging message to derive the 5G-S-TSMI/I-RNTI and forward the paging message accordingly. (17/20)

· [Easy]Proposal 6: RRC_IDLE/RRC_INACTIVE remote UE provide its Uu DRX cycle information to RRC_IDLE/RRC_INACTIVE relay UE. FFS what is Uu DRX cycle information and how to provide. (18/20)

Thus, the relay UE can derive the PO of the remote UE, and monitor it to receive the paging message of the relay UE. So far, we didn’t identify RAN3 impact for this case. 
· Case 2: remote UE in RRC_IDLE/RRC_INACTIVE, while relay UE in RRC_CONNECTED

In this case, RAN2 allows using signaling of relay UE to convey the paging message of relay UE according to the following agreement:

When L2 Relay UE in RRC CONNECTED and L2 Remote UE(s) in RRC_IDLE/RRC_INACTIVE, the Relay UE can monitor PO of its PC5-RRC connected Remote UE(s) if the active DL BWP of Relay UE is configured with common CORESET and common search space.

For L2 relay UE in RRC_CONNECTED and L2 remote UE(s) in RRC_IDLE/RRC_INACTIVE, we specify signalling for delivery of the remote UE’s paging through dedicated RRC message.  Network implementation decision whether to use it (or keep the relay UE on BWP with CSS).  Can be revisited if a problem is found with network knowledge of which paging to forward.

If the gNB can be aware of 5G-S-TMSI/I-RNTI of remote UE, it can send the paging message of the remote UE to the relay UE via dedicated RRC message. Since RAN2 agrees to support the dedicated RRC message for remote UE paging, the relay UE should be able to inform the 5G-S-TMSI/I-RNTI to the gNB when the relay UE is connected to it. We understand that this is in RAN2 scope. However, RAN3 should have the assumption that gNB/gNB-CU may know the 5G-S-TMSI/I-RNTI of its connected remote UE.
Proposal 6-1: RAN3 can assume that gNB/gNB-CU may know the 5G-S-TMSI/I-RNTI of the remote UE connecting to the relay UE in RRC_CONNECTED status.
Moreover, when gNB/gNB-CU knows the I-RNTI of remote UE, it can inform the last serving gNB of the remote UE so that RAN paging message can be sent to such gNB/gNB-CU only. 

Proposal 6-2: RAN3 can discuss the I-RNTI notification to the last serving gNB of remote UE.  

In Rel-17, power saving is enhanced to further reducing the power consumption for paging. Since relay UE is also a normal UE, the paging message reception for the remote UE can increase the burden of energy consumption. Thus, the Rel-17 ePowSaving scheme(s) may also applicable for the sidelink relay. We understand such part of work in sidelink relay should wait for the progress of Rel-17 ePowSaving. Thus, if time is allowed, both RAN2 and RAN3 can further check the power saving scheme for sidelink relay based on Rel-17 ePowSaving. 
Proposal 6-3: RAN3 can further check the power saving scheme for sidelink relay based on Rel-17 ePowSaving at later phase. 

3 Conclusions
In this contribution, we discuss RRC connection management and paging for sidelink relay, and have the following proposals:
· Basic principle

Proposal 1-1: RAN3 agrees the protocol stack for sidelink relay in case of disaggregated gNB structure.
Proposal 1-2: in case of split RAN, the dedicated F1/E1 association should be established for each remote UE over F1/E1 interface.

Proposal 1-3: RAN3 discuss which node (gNB-CU or gNB-DU) to allocate the local/temp remote UE ID.
· Initial remote UE access

Proposal 2-1: RAN3 agrees the RRC establishment procedure shown in Fig. 3 as the baseline.
Proposal 2-2: in case of CU-DU split, the gNB-CU should configure gNB-DU to generate the (default) configurations for Uu RLC bearer for remote UE’s SRB0 message. 
Proposal 2-3: the INITIAL UL RRC MESSAGE TRANSFER message is triggered for a new remote UE when the gNB-DU receives a RRC message via the Uu RLC bearer configurations for remote UE’s SRB0. 

Proposal 2-4: the INITIAL UL RRC MESSAGE TRANSFER message for remote UE can contain the information of the associated relay UE (e.g., C-RNTI). 

Proposal 2-5: RAN3 discusses how to reflect the admission result at the gNB-DU side for remote UE in INITIAL UL RRC MESSAGE TRANSFER.
Proposal 2-6: RAN3 discusses the timing of implementing step 3 (i.e., prepare PC5 and Uu RLC channel for SRB1 of remote UE).
Proposal 2-7: RAN3 discusses the timing of implementing step 6h (i.e., prepare PC5 and Uu RLC channel for SRB2/DRB of remote UE).
· Remote UE RRC Reestablishment
Proposal 3-1: RAN3 agrees the RRC reestablishment procedure shown in Fig. 4 as the baseline.
Proposal 3-2: RAN3 discusses the implementation timing of preparing PC5 and Uu RLC channel for SRB1 for RRC Reestablishment procedure

· Remote UE RRC Resume
Proposal 4-1: RAN3 agrees the RRC resume procedure shown in Fig. 5 as the baseline.
Proposal 4-2: RAN3 discusses the implementation timing of preparing PC5 and Uu RLC channel for SRB1 for RRC Resume procedure.

· Paging
Proposal 6-1: RAN3 can assume that gNB/gNB-CU may know the 5G-S-TMSI/I-RNTI of the remote UE connecting to the relay UE in RRC_CONNECTED status.
Proposal 6-2: RAN3 can discuss the I-RNTI notification to the last serving gNB of remote UE.
Proposal 6-3: RAN3 can further check the power saving scheme for sidelink relay based on Rel-17 ePowSaving at later phase. 

The corresponding stage-2 CR is provided in [R3-214880].
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