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Introduction
During RAN2#115 meeting, the control plane procedures for U2N were discussed and lot of agreements have been reached on access control, connection management, system information acquisition and paging. In this contribution, we will focus on the FFS issues of system information acquisition, short message forwarding, paging and TAU/RNAU of remote UE. The tentative solutions are presented in this contribution. 
Discussion
System Information acquisition

During RAN2#113bis, RAN2#114 and RAN2#115 meeting, the system information acquisition was discussed and the following agreements were reached:

For RRC_Connected remote UE, RAN2 confirm that DedicatedSIBRequest procedure is re-used for the Remote UE to request the SI via relay UE.

For RRC_Idle/INACTIVE remote UE, remote UE informs relay UE on requested SIB type(s) via PC5 RRC message. Then, relay UE triggers legacy on-demand SI acquisition procedure according to its own RRC state (if needed) and sends the acquired SIB to remote UE.

PC5-RRC message can be used to carry the system information forwarding via PC5. 

The Remote UE can receive the system information via PC5 after PC5 connection establishment with Relay UE.

For any SIB that the remote UE requests in on-demand manner, the relay UE can forward the response (i.e. the relay UE does not filter).  FFS which SIBs the remote UE could request.

FFS whether relay UE can voluntarily forward the SIBs/posSIBs to remote UE without a request.
There are several FFS issues on system information acquisition. In this contribution, we will focus on these following key issues and discuss potential solutions.

What system information could be requested by remote UE
When and how to forward the system information to remote UE(including whether relay UE can voluntarily forward the SIBs/posSIBs to remote UE without a request)
What system information could be requested by Remote UE
As we can see, relay UE can forward the response of any SIB that remote UE requests in on-demand manner and FFS which SIBs the remote UE could request. In our opinion, only the most essential system information could be requested by remote UE. In this section, we will investigate the MIB and SIBs one by one to analyze which system information could be requested by remote UE.
MIB: it includes a limited number of parameters which are essential for a UE’s initial access to the network, such as systemFrameNumber and cellBarred info. The remote UE could obtain the DFN from MIB-SL transmitted by nearby synchronization reference UE. For the cellBarred information, it is unnecessary to be forwarded since the relay UE may refrain from acting as relay UE if the cell is barred. 
SIB1: it contains parameters 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 remote UE for relay selection and mobility purpose. 
SIB2~5: these SIBs contain parameters used to control intra-frequency, inter-frequency and inter-RAT cell reselection. For the remote UE connected with relay UE, if PC5 RLF is detected it may re-select a cell to perform RACH procedure. However, this case happens only when the remote UE is in coverage while in coverage remote UE may receive the related SIB from the network directly. Therefore, the SIB2~SIB5 do not need to be forwarded to Remote UE.
SIB6-SIB8: these three SIBs include the ETWS and CMAS warning message. For the remote UE that is capable of ETWS and CMAS reception, the information contained in SIB6~SIB8 should be forwarded by the relay UE. 
SIB9: it contains information related to GPS time and Coordinated Universal Time (UTC). The UE may use the parameters provided in this SIB to obtain the UTC, the GPS and the local time. For the remote UE interested to receive the GPS time or UTC time, the SIB9 should be forwarded to it. 
SIB10: it contains the HRNNs of the NPNs listed in SIB1. This information can be used to judge whether a remote UE is allowed to access the dedicated cell. Thus, it may be necessary to be forwarded to remote UE.
SIB11: it contains information related to idle/inactive measurements, which is used for early measurement for fast DCCA setup. For the remote UE connected with relay UE, it will not support fast DCCA setup so that it is not necessary to perform the early measurement. Therefore, the SIB11 does not need to be forwarded to remote UE.
SIB12: it contains NR sidelink communication configuration. For the out of coverage remote UE, it may directly utilize the pre-configured sidelink resources. Alternatively, the relay UE may forward the sidelink resource configuration in SIB12 to remote UE for its sidelink transmission/reception.
SIB13~14: it contains configurations of V2X sidelink communication. For the NR remote UE, it does not use the V2X sidelink communication configuration so is not necessary for the relay UE to forward this info.
Remote UE may need the system information for cell selection, access control, ETWS and CMAS warning, GPS time, and sidelink resource configuration And the system information of  idle/inactive measurements and V2X sidelink resource configuration are useless to remote UE. Based on the above analysis, we suggest that remote UE could request SIB1/SIB9/SIB12  in on-demand manner.
Proposal 1: The remote UE could request SIB1/SIB9/SIB12  in on-demand manner.
When and how to forward the system information to remote UE
During previous RAN2 meeting, it is agreed that The Remote UE can receive the system information via PC5 after PC5 connection establishment with Relay UE and PC5-RRC message can be used to carry the system information forwarding via PC5. Additionally, most of the companies support that remote UE can receive the system information via PC5 both before PC5 connection establishment with relay UE. For example, the UAC parameters (e.g., uac-BarringInfo) and cell access parameters (e.g., cellAccessRelatedInfo) may be forwarded to remote UE before PC5 connection establishment with relay UE. The proponents of this approach think that 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 again since remote UE may fail the access control check. However, considering that the UE does not perform access control check before it performs cell selection/re-selection in the legacy Uu specification, there is no strong reason to enhance this mechanism for remote UE.
Proposal 2: It is not necessary for relay UE to forward the system information to remote UE before the PC5 connection established with remote UE.

On the other hand, if majority companies think that the system information forwarding is necessary before the PC5 connection establishment, we think the Relay Discovery Additional Information can be reused to carry these system information.  Actually, the Relay Discovery Additional Information is defined by SA2 and used for relay (re)selection and connection maintenance. Suppose the Relay Discovery Additional Information is reused, it is not necessary to define broadcast PC5 signalling to forward the system information SL relay any more. 

With regard to the system information forwarding after PC5 connection establishment, there are two possible ways for PC5 signalling design as below:
Groupcast PC5 signalling: In this option, Relay UE may groupcast the PC5 signalling which contains the system info to the UEs that has established the PC5 connection with the Relay UE. One destination L2 ID need to be assigned for the system information groupcast. This mechanism is beneficial if multiple UEs are interested in the same SIB.
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, compared with dedicated PC5 signalling, groupcast PC5 signalling is more resource efficient but has more specification impacts. RAN2 is suggested to consider wether the groupcast PC5 signalling, dedicated PC5-RRC signalling or both should be supported.
Proposal 3: RAN2 is suggested to consider whether the groupcast PC5 signalling, dedicated PC5-RRC signalling, or both should be supported for system information forwarding.
During  RAN2#113bis-e meeting, it is agreed that for RRC_Idle/INACTIVE remote UE, remote UE informs Relay UE on requested SIB type(s) via PC5 RRC message. Then, relay UE triggers legacy on-demand SI acquisition procedure according to its own RRC state (if needed) and sends the acquired SIB to remote UE. With regard to the RRC_Connected UE, it can use DedicatedSIBRequest procedure to request the SI. However, according to current specification of 38.331, besides PosSIB, only SIB12,13,14 can be requested in the DedicatedSIBRequest as follows:

	SIB-ReqInfo-r16 ::=                   ENUMERATED { sib12, sib13, sib14, spare5, spare4, spare3, spare2, spare1 }


 For the other SIB(s) of which si-BroadcastStatus is set to notBroadcasting, the RRC_Connected UE cannot acquire them via on-demand SI acquisition procedure. This is not a issue in current specification since those SIBs are not needed for a RRC_Connected UE. However, if the remote UE is in RRC Idle/INACTIVE state and relay UE is in RRC_Connected state, the Relay UE need to acquire those SIBs for the remote UE. To solve this issue, it is necessary to enhance the on-demand SI acquisition procedure. For example, allowing the RRC_Connected relay UE to request all possible SIB(s) interested by remote UE and of which si-BroadcastStatus is set to notBroadcasting.
Observation 1:  According to current specification of 38.331, only the request for PosSIB and SIB12,13,14 can be carried in the DedicatedSIBRequest. The RRC_Connected UE cannot acquire the other SIB(s) of which si-BroadcastStatus is set to notBroadcasting based on current on-demand SI acquisition procedure.
Proposal 4: RAN2 is suggested to enhance the on-demand SI acquisition procedure for RRC_Connected relay UE, i.e., allowing the RRC_Connected relay UE to request all possible SIB(s) interested by remote UE and of which si-BroadcastStatus is set to notBroadcasting.

For RRC_IDLE UEs that need to be relayed but not yet setup PC5 connection, Some information in SIB1(such as UAC config and timer) is necessary for RRC connection setup. For the out of coverage RRC_IDLE remote UE without PC5 connection, SIB12 is necessary to be used for sidelink transmission/reception. So,  after completion of PC5 connection setup the relay UE could voluntarily forward SIB1 and SIB12 to remote UE without a request.

Proposal 5: After PC5 connection setup complete the relay UE may voluntarily forward the SIB1 and SIB12 to remote UE without a request.
Short message forwarding

During RAN2#114 meeting, it was agreed that when Relay UE in RRC CONNECTED and Remote UE in RRC CONNECTED, the Relay UE may monitor SI change indication and/or PWS notifications in any PO as legacy. However, it is not yet determined if short Message should be forwarded to remote UE over sidelink.  

As we know, short message is transmitted on PDCCH using P-RNTI with or without associated Paging message using Short Message field in DCI format 1_0. The short message may carry the systemInfoModification, etwsAndCmasIndication, and stopPagingMonitoring. During the last RAN2 meeting, some companies think it is not necessary for relay UE to forward the change indication because gNB may send the updated system information to RRC_CONNECTED remote UE once gNB has received the dedicatedSIBRequest from RRC_Connected remote UE. However, we have different understanding. Generally speaking, the following two understanding are listed with regard to the on-demand SI acquisition procedure of RRC_CONNECTED UE:

Upon receiving the dedicated SIB request from RRC_CONNECTED UE, gNB record the dedicated SIB request from this UE and send the request SIB to UE. When the corresponding SIB updates, gNB send the updated SIB to UE via dedicated signalling. It should be noted that UE may request specific SIB to enable certain service. Later UE may be not interested to such service and does not need the corresponding SIB any more. This means the UE need to further inform gNB of the SIB interest change. With this understanding, relay UE does not need to forward the short message over PC5 interface to notify the system information modification.
Upon receiving the dedicated SIB request, gNB send the requested SIB to UE. When the SIB update, gNB send the system information modification via short message. Upon receiving the system information modification indication set to 1, the RRC_CONNECTED UE need to send the dedicated SIB request again to acquire the interested SIB. With this understanding, the relay UE need to forward the systemInfoModification and etwsAndCmasIndication via PC5 interface. Based on these indication, remote UE may get the updated SIB via on-demand SI acquisition. 
Actually we can not find the description of UE to send the dedicated SIB request when it is no longer interested to certain SIB to support the first understanding. On the other hand, with understanding 1, it not necessary for RRC_CONNECTED UE to monitor the short message if it support on-demand SI acquisition. However, according to TS 38.331, not only the RRC_IDLE/INACTIVE UE, but also RRC_CONNECTED UE shall monitor the short message and detect the SI change indication and etws and cmas notification. Based on this observation, we tend to support understanding 2 and the following proposal is made: 
Proposal 6: Suppose the systemInfoModification or etwsAndCmasIndication in the short message is set to 1, the relay UE need to forward the change indication to associated remote UEs via PC5-RRC. 
Paging

During RAN2#114 and RAN2#115 meeting, paging was discussed and the following agreements were reached:

	When Relay UE in RRC IDLE/RRC INACTVE  and Remote UE in RRC IDLE/RRC INACTIVE, the Relay UE monitors paging occasions of its PC5-RRC connected Remote UE(s)

When Relay UE in RRC IDLE/RRC INACTVE  and Remote UE in RRC IDLE/RRC INACTIVE, the Relay UE monitors paging occasions of its PC5-RRC connected Remote UE(s)

RRC_IDLE/RRC_INACTIVE remote UE provides 5G-S-TMSI/I-RNTI to RRC_IDLE/RRC_INACTIVE relay UE. 

RRC_IDLE/RRC_INACTIVE Relay UE decodes received paging message to derive the 5G-S-TSMI/I-RNTI and forward the paging message accordingly. 

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. 

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.


As shown in the above agreement, relay UE need to monitor PO of its PC5-RRC connected Remote UE(s) in RRC_IDLE/RRC_INACTIVE. RRC_IDLE/RRC_INACTIVE remote UE provide its Uu DRX cycle information to relay UE. But FFS what is Uu DRX cycle information and how to provide.
According to [1], there are 3 types of paging DRX cycle information:

DRX cycle configured by upper layer;

DRX cycle configured by RRC;

default DRX value broadcast in system information.
In legacy, 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 is used to the calculation of paging occasion(PO). In other words, for RRC_IDLE UE, the shortest of DRX cycle configured by upper layer(if configured) and default DRX value broadcast in system information is used. For RRC_INACTIVE UE,  the shortest of DRX cycle configured by upper layer(if configured), DRX cycle configured by RRC and default DRX value broadcast in system information is used.
According to [4], default DRX value is broadcasted by defaultPagingCycle IE in SIB1. Relay UE can get this information by itself. So it is not necessary for remote UE to provide the default DRX cycle in SIB1 to relay UE.
Observation2: Relay UE can acquire default DRX cycle value in SIB1.
According to [2][3], the upper layer configured paging DRX cycle can be negotiated in the registration procedure and then be sent by the AMF to gNB in PAGING message. This DRX cycle is used for both CN paging and RAN paging. According to [4], RRC configured paging DRX cycle is indicated by PagingCycle IE in RRCRelease message for UE enterring RRC_INACTIVE state. It’s hard for Relay UE to aquire this information. So, the DRX cycle configured by upper layer and or DRX cycle configured by RRC are should be provided to relay UE for the purpose of monitoring remote UE’s paging.
As we know, RRC_IDLE UE need to monitor the PO of CN paging and RRC_INACTIVE UE need to monitor the POs of CN paging and RAN paging. During email discussion[5], some companies mentioned the question of RAN and CN paging occasions overlap. According to [6], for Rel-15, it is up to NW implementation to ensure RAN and CN paging occasions overlap in both NR and eLTE. For Rel-16 and Rel-17, the solution has not been fully decided in RAN2#115. So we suggest to follow the way of Rel-15 until RAN2 concludes on the solution in main session.

Some companies suggest that the remote UE should provide the minimum of the paging DRX cycles to the relay UE. However, the relay UE would need to further distinguish remote UE’s RRC_IDLE or RRC_INACTIVE state. This will bring extra spec effort. Furthermore, the PO calculation is inevitable regardless of whether the DRX cycle minimum operation is done in relay UE or remote UE.  The DRX cycle minimum operation in remote UE will not bring sufficient benefit to relay UE and make itself complicated. So we think the simplest way is to directly deliver the DRX Cycle configured by upper layers as well as configured by RRC to relay UE. Relay UE may derive the PO based on the legacy formula. 
Proposal 7: Remote UE may provide the DRX Cycle configured by upper layers and or configured by RRC to the relay UE  for determination of the DRX cycle of the remote UE. 

As we know, it has been agreed that a relay UE can receive paging message intended for a remote UE either from dedicated RRC message or from PCH reception during the PO of the remote UE. When dedicated RRC message is used, we think RRCReconfiguration message can be used to transmit paging info. One or more UE ID (5G-S-TMSI or I-RNTI) of remote UE being paged should be included in the dedicated Uu RRC message.

On the other hand, it has been agreed the relay UE decodes the paging message for the UE ID of the remote UE and unicast can be used for the paging forwarding via PC5-RRC to the specific UE. In this case, relay UE may decode the UE ID (5G-S-TMSI or I-RNTI) in the paging message and try to find the matched UE ID for remote UE. Then relay UE may only forward the remote UE’s ID or paging type to remote UE when relay UE transfer paging message to the paged remote UE via PC5 RRC.
Proposal 8: For paging due to the arrival of remote UE DL data at the gNB, UE ID of the remote UE only (5G-S-TMSI or I-RNTI) or Type of paging only (RAN paging or CN paging) should be included in the PC5-RRC message from the relay UE to the remote UE.
TAU/RNAU of remote UE

During RAN2#114 meeting, RAN2 confirm that for OOC case, remote UE with the RRC state of IDLE or INACTIVE should perform TAU/RNAU procedure. For IC Remote UE case, Remote UE performs TAU/RNAU based on its own serving cell information (i.e., as legacy) if it is NOT PC5-connected with Relay UE. However, for the IC remote UE PC5-connected with relay UE, it is not clear if the remote UE should perform TAU/RNAU based on relay UE’s serving cell info or based on the cell info remote UE received via direct Uu link. 
In our opinion, since the remote UE is connected with relay UE and the remote UE is now reachable via the relay UE, it is necessary for the remote UE to perform the TAU/RNAU based on the relay UE’s serving cell information. To be specific, the remote UE may send the RRCSetupRequest/RRCResume message to relay UE, which thenforward the RRCSetupRequest/RRCResume message to gNB. Upon receiving the RRCSetupRequest/RRCResume message from remote UE, gNB may move the UE to RRC_CONNECTED, or send the UE back to RRC_IDLE (in which case an RRCRelease message is sent by the gNB), or send the UE back to RRC_INACTIVE. These messages may be forward by the relay UE to the remote UE. Based on this observation, it is natural to conclude that the remote UE should performs TAU/RNAU based on Relay UE’s serving cell information after it is PC5-connected with Relay UE. 

Proposal 9: In coverage remote UE should performs TAU/RNAU based on Relay UE’s serving cell information after it is PC5-connected with Relay UE. 
Conclusion
In this contribution, we focused on the FFS issues of system information acquisition, short message forwarding, paging and TAU/RNAU of remote UE.  And we have the following observations and proposals:

Observation 1:  According to current specification of 38.331, only the request for PosSIB and SIB12,13,14 can be carried in the DedicatedSIBRequest. The RRC_Connected UE cannot acquire the other SIB(s) of which si-BroadcastStatus is set to notBroadcasting based on current on-demand SI acquisition procedure.

Observation2: Relay UE can acquire default DRX cycle value in SIB1.

Proposal 1: The remote UE could request SIB1/SIB9/SIB12  in on-demand manner.
Proposal 2: It is not necessary for relay UE to forward the system information to remote UE before the PC5 connection establishment with remote UE.

Proposal 3: RAN2 is suggested to consider whether the groupcast PC5 signalling, dedicated PC5-RRC signalling, or both should be supported for system information forwarding.
Proposal 4: RAN2 is suggested to enhance the on-demand SI acquisition procedure for RRC_Connected relay UE, i.e., allowing the RRC_Connected relay UE to request all possible SIB(s) interested by remote UE and of which si-BroadcastStatus is set to notBroadcasting.

Proposal 5: After PC5 connection setup complete the relay UE may voluntarily forward the SIB1 and SIB12 to remote UE without a request.
Proposal 6: Suppose the systemInfoModification or etwsAndCmasIndication in the short message is set to 1, the relay UE need to forward the change indication to associated remote UEs via PC5-RRC. 

Proposal 7: Remote UE may provide the DRX Cycle configured by upper layers and or configured by RRC to the relay UE  for determination of the DRX cycle of the remote UE. 

Proposal 8: For paging due to the arrival of remote UE DL data at the gNB, UE ID of the remote UE only (5G-S-TMSI or I-RNTI) or Type of paging only (RAN paging or CN paging) may be included in the PC5-RRC message from the relay UE to the remote UE.
Proposal 9: In coverage remote UE should performs TAU/RNAU based on Relay UE’s serving cell information after it is PC5-connected with Relay UE. 
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