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Introduction
During RAN#91-e meeting, SL relay WI was approved. According to the WID [1], both L2 and L3 based UE-to-Network relay shall be specified. With regard to the L2 relaying, the control plane procedures for U2N shall be specified, including RRC connection management, system information delivery, paging mechanism and access control for Remote UE. In this contribution, we will focus on the SI delivery, paging, access control for remote UE and discuss potential solutions.
Discussion
SI delivery

What system information can be forwarded to Remote UEs
For in coverage Remote UE, it can directly receive the system information from the network. For the out of coverage Remote UE, the only way for the system information acquisition is to receive the system information forwarded by the Relay UE. As we know, the system information is divided into MIB and a number of SIBs (SIB1~SIB14). These MIB and SIBs contain different types of information. In our opinion, it is not necessary for the out of coverage remote UE to receive all these system information. Only the most essential system information should be forwarded. For example, MIB contains subCarrierSpacingCommon and ssb-SubcarrierOffset which are useless to out of coverage remote UE while systemFrameNumber and cellBarred info which are necessary to be forwarded to the remote UE. SIB1 contains parameters needed for cell selection, cell access control, time domain scheduling of other SIBs and serving cell configuration. Some information in SIB1, such as cell access control and cell configuration related information, should be acquired by the out of coverage Remote UE for relay selection and mobility purpose. SIB2~5 contain parameters used to control intra-frequency, inter-frequency and inter-RAT cell re-selection. For the out of coverage Remote UE connected with Relay UE, it is not necessary to perform the cell re-selection. Therefore, the SIB2~SIB5 do not need to be forwarded to Remote UE. Similarly, all the other SIBs need to be investigated to check the necessity of each IE for remote UE. 

Proposal 1: For in coverage Remote UE, it can directly receive the system information from the network. For the out of coverage scenario, it is necessary for the Relay UE to forward system information to the Remote UE. 
Proposal 2: Only the most essential system information should be delivered to the remote UE. RAN2 is suggested to further investigate which system information is essential for the remote UE and should be forwarded.
Possible ways for Relay UE to forward system information
For the Remote UE, there are several possible alternatives to acquire the system information as follows:
Alt 1: receive the system information from the network directly
This alternative can only be used for the in coverage Remote UE. 
Alt 2: receive the system information forwarded by the Relay UE from the network indirectly
For this alternative, the network sends the SIB via a dedicated RRC message to the remote UE, and this message is  forwarded to remote UE as remote UE’s Uu CP signalling.
Alt 3: receive the system information stored in the Relay UE directly
For this alternative, after the Relay UE acquires and stores the SIB(s), it can decide whether to deliver and which SIB shall be delivered to the  Remote UE via a PC5 signalling. 
In our opinion, for the Remote UE of different RRC states and different coverage states, the candidate system information acquisition alternatives are different. For example, the Alt 1 cannot be used for the out of coverage Remote UE, while Alt 2 cannot be used for the RRC_IDLE/RRC_INACTIVE Remote UE. The candidate system information acquisition alternatives for different kind of Remote UEs are listed in Table1 as below.

Table1 candidate system information acquisition alternatives for different kind of Remote UEs
	Remote UE
	RRC_CONNECTED
	RRC_IDLE/RRC_INACTIVE

	out of coverage
	Alt 2, Alt 3
	Alt 3

	In coverage
	Alt 1, Alt 2,Alt 3
	Alt 1, Alt 3


As we can see, only Alt 3 can be used for all kinds of Remote since only Alt 3 can be used for out of coverage Remote UE that is in RRC_IDLE/RRC_INACTIVE state. Thus, Alt 3 shall be supported.

Observation 1: For the Remote UE, there are several possible ways to acquire the system info as follows: 1) Alt 1: receive the system info from the network directly; 2) Alt 2: receive the system info forwarded by the Relay UE from the network indirectly; 3) Alt 3: receive the system info stored in the Relay UE directly. 
Proposal 3: It is suggested that the remote UE receive the system information directly from relay UE. Relay UE decide whether to deliver and which SIB shall be delivered to the Remote UE.
With Regard to Alt 3, there are several possible ways for PC5 signalling design to deliver the system information:
MIB-SL: In this option, the most essential system info can be carried in MIB-SL. The Relay UE works as synchronization source and broadcasts the MIB-SL to Remote UE. As we know, the information that could be contained in MIB-SL is rather limited. It only works when the identified essential system info that should be forwarded is few.
Broadcast PC5 signalling: In this option, the essential system info can be sent via PC5 RRC signalling. To be specific, the Relay UE may broadcast the PC5 signalling which contains the essential system info periodically. The nearby Remote UE first receives the broadcast system info and then performs the Relay selection before it establishes PC5 connection with Relay UE. 
Groupcast PC5 signalling: In this option, the essential system info can be sent via PC5 RRC signalling. To be specific, the Relay UE may groupcast the PC5 signalling which contains the essential system info to the UEs that has established the PC5 connection with the Relay UE. 
Dedicated PC5 signalling: In this option, the Relay UE may send the essential system information via dedicated PC5 RRC signalling to the Remote UE after they has established the PC5 connection. 
As we can see, the MIB-SL and broadcast PC5 signalling can be used to deliver system information to Remote UE before the Remote UE establishes PC5 connection with Relay UE while the groupcast PC5 signalling and dedicated PC5-RRC signalling can be used to deliver system information to Remote UE after the Remote UE establishes PC5 connection with Relay UE. 

Proposal 4: RAN2 is suggested to consider the following possible ways for Relay UE to forward system information to Remote UE: 1) MIB-SL; 2) broadcast PC5 RRC signalling before the Remote UE establishes PC5 connection with Relay UE; 3) groupcast PC5 signalling or dedicated PC5-RRC signalling after the Remote UE establishes PC5 connection with Relay UE.

On demand SI request mechanism
For NR Uu, if the si-BroadcastStatus of the SIB is set to notBroadcasting by the network, the network will not broadcast this SIB all the times and the UE may send On-demand SI request in order to acquire the system information. The mechanism for system information acquisition need to be considered for sidelink Relay. According to TR 38.836 [1], On-demand SI request is supported for Remote UE for all RRC states (Idle/Inactive/Connected state). In our opinion, different ways for on-demand system information acquisition should be considered for the Remote UE of different RRC states.
Case 1: Remote UE is in RRC_CONNECTED

If the Remote UE is out of coverage, the only way for the system info acquisition is to receive the system info forwarded by the Relay UE. If the Remote UE is in coverage, it can directly receive the system information from the network if the system information is broadcast.  For the SIB of which si-BroadcastStatus is set to notBroadcasting, the in coverage Remote UE can send the system info request to the network via msg1 or msg3. Thus, only OOC Remote UE(s) need the Relay UE to forward the system info request to the network. According to TR 38.836 [1], DedicatedSIBRequest procedure is re-used for the Remote UE in RRC_CONNECTED to request SI via the Relay UE.
Proposal 5: DedicatedSIBRequest procedure is re-used for the out of coverage Remote UE in RRC_CONNECTED to request SI via the Relay UE. 

Case 2: Remote UE is in RRC_IDLE/RRC_INACTIVE
For the RRC_IDLE/RRC_INACTIVE Remote UE, it can not send DedicatedSIBRequest to the network via Relay UE, it can only send the system info request message via a PC5-RRC message to the Relay UE after a PC5-RRC connection is established between the Relay UE and the Remote UE. Thus, RAN2 is suggested to define a new PC5-RRC message to carry system info request. 

Proposal 6: RAN2 is suggested to define a new PC5-RRC message to carry system information request. 
If the Remote UE is out of coverage, the only way for the system info acquisition is to receive the system info forwarded by the Relay UE. Upon receiving a system information request message from remote UE, the Relay UE may send the requested SIB as a container via a PC5-RRC message.

If the Remote UE is in coverage, it is able to receive the system info from the network directly. However, in coverage Remote UE should also be allowed to send the system info request message via a PC5-RRC message to the Relay UE and then receive the system info from the Relay UE.
Proposal 7: No matter Remote UE is in coverage or out of coverage, it should be able to send the system information request message via a PC5-RRC message to the Relay UE and receive the system info from the Relay UE.
Paging 
The paging of remote UE has been discussed during SL relay SI phase. According to TR 38.836,  Option 2 as studied in TR36.746 for FeD2D paging is selected as the baseline paging relaying solution for L2 UE-to-Network relay. To be specific, relay UE monitors the remote UE’s paging occasion(s) in addition to its own paging occasions. This paging relaying solution applies to both CN paging and RAN paging. In this section, we will discuss the design details for the Option 2 paging. 

How to obtain the PO information of remote UE
In order to monitor the remote UE’s paging occasion on behalf of remote UE, relay UE need to first obtain the remote UE’s PO information. According to TS 38.304, the PO is calculated as follows:
	The PF and PO for paging are determined by the following formula:

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

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


As we can see, the PF and PO are determined by the UE-specific T and UE_ID value as well as the cell-specific Ns, N and PF_offset value. In order to monitor the PO of remote UE, relay UE should at least obtain the remote UE’s DRX cycle T and UE_ID information. In our opinion, this information could be delivered from remote UE to relay UE. For example, after the remote UE connects with relay UE, it may send the paging forwarding request which include the DRX parameter required for remote UE’s PO/PF calculation to the relay UE for potential paging monitoring. Suppose remote UE enters RRC_IDLE state and the MT traffic for remote UE arrives to the NGC, the NGC may trigger the gNB to page the RRC_IDLE remote UE through legacy paging procedure. The relay UE monitors the PO for the remote UE. Upon receiving the paging message for remote UE, the relay UE forwards paging to the remote UE through PC5 signalling as shown in Figure 1. 
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Figure 1 Paging procedure of RRC_IDLE remote UE

Observation 2: The PF and PO are determined by the UE-specific T and UE_ID value as well as the cell-specific Ns, N and PF_offset value.
Proposal 8: Remote UE should send at least the DRX cycle and UE_ID information to relay UE via PC5 signalling in order for the relay UE to monitor the remote UE’s PO. 

When to trigger the remote UE’s paging occasion monitoring
For the relay UE, it only need to monitor the remote UE’s paging occasion when the remote UE is in RRC_IDLE/RRC_INACTIVE state. For RRC_CONNECTED remote UEs, it is a waste of resource for relay UE to monitor the remote UE’s PO. Based on this observation, the relay UE should be informed when to trigger the remote UE’s paging message monitoring via Uu. For example, the remote UE may directly notify relay UE whether the paging monitoring and forwarding should be enabled.  In this manner, the relay UE monitors the remote UE’s PO only when necessary.

Proposal 9: The relay UE should be informed when to trigger the remote UE’s paging message monitoring via Uu.
Uu vs. PC5 paging monitoring for in coverage remote UE. 
Generally speaking,  it is feasible for the in coverage remote UE to receive the paging from either Uu or PC5. Whether PC5 or Uu is used for remote UE’s paging monitoring depends on the remote UE’s power efficiency requirement. For example, remote UE may prefer to only monitor PC5 to receive both data traffic and paging message for the sake of power efficiency. On the other hand, the relay UE may be not willing to monitor too many POs of remote UEs, so it may only accept the paging monitoring of partial remote UEs. Based on this observation, whether the Uu or PC5 paging monitoring shall be used for in coverage remote UE may be negotiated between remote UE and relay UE. If the in coverage remote UE requests the relay UE to forward paging and relay UE accepts the request, the remote UE should monitor the PC5 for paging, otherwise, the remote UE should monitor Uu for paging. 
Proposal 10: The reception of paging message via relay UE should be supported for both in coverage and out of coverage remote UE.
Proposal 11: It is FFS if in coverage remote UE can directly receive the paging message over Uu. 
Access control
According to TR 38.836 [1], 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.

Proposal 12: 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.

If Remote UE acquires the UAC parameters after it has established PC5 connection with a Relay UE, it may need to perform Relay re-selection since remote UE may fail the access control check, which seems very inefficient. Thus, it is better for the Remote UE to acquire the UAC parameters before it has established PC5 connection with a Relay UE, which can avoid selecting a inappropriate Relay UE.
Proposal 13: It is suggested that remote UE acquire the UAC parameters before it has established PC5 connection with a Relay UE.
Conclusion
In this contribution, we focused on the SI delivery, paging, access control for remote UE and discussed potential solutions. And we have the following observations and proposals:

Observation 1: For the Remote UE, there are several possible ways to acquire the system info as follows: 1) Alt 1: receive the system info from the network directly; 2) Alt 2: receive the system info forwarded by the Relay UE from the network indirectly; 3) Alt 3: receive the system info stored in the Relay UE directly. 
Observation 2: The PF and PO are determined by the UE-specific T and UE_ID value as well as the cell-specific Ns, N and PF_offset value.

Proposal 1: For in coverage Remote UE, it can directly receive the system information from the network. For the out of coverage scenario, it is necessary for the Relay UE to forward system information to the Remote UE. 
Proposal 2: Only the most essential system information should be delivered to the remote UE. RAN2 is suggested to further investigate which system information is essential for the remote UE and should be forwarded.
Proposal 3: It is suggested that the remote UE receive the system information directly from relay UE. Relay UE decide whether to deliver and which SIB shall be delivered to the Remote UE.
Proposal 4: RAN2 is suggested to consider the following possible ways for Relay UE to forward system information to Remote UE: 1) MIB-SL; 2) broadcast PC5 RRC signalling before the Remote UE establishes PC5 connection with Relay UE; 3) groupcast PC5 signalling or dedicated PC5-RRC signalling after the Remote UE establishes PC5 connection with Relay UE.

Proposal 5: DedicatedSIBRequest procedure is re-used for the out of coverage Remote UE in RRC_CONNECTED to request SI via the Relay UE. 

Proposal 6: RAN2 is suggested to define a new PC5-RRC message to carry system information request. 
Proposal 7: No matter Remote UE is in coverage or out of coverage, it should be able to send the system information request message via a PC5-RRC message to the Relay UE and receive the system info from the Relay UE.
Proposal 8: Remote UE should send at least the DRX cycle and UE_ID information to relay UE via PC5 signalling in order for the relay UE to monitor the remote UE’s PO. 

Proposal 9: The relay UE should be informed when to trigger the remote UE’s paging message monitoring via Uu.
Proposal 10: The reception of paging message via relay UE should be supported for both in coverage and out of coverage remote UE.
Proposal 11: It is FFS if in coverage remote UE can directly receive the paging message over Uu. 
Proposal 12: 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.

Proposal 13: It is suggested that remote UE acquire the UAC parameters before it has established PC5 connection with a Relay UE.
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