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Introduction
A New WID on Further URLLC Enhancement [1] has been approved, which is used to support the SA2 URLLC enhancements. One of the objectives is about the 5GS network timing synchronization status and reporting. And 2 bullets in the objective have RAN2 impact:
b.	gNB delivering 5G Clock quality information to the UE in RRC_CONNECTED state, based on the clock quality reporting control information and gNB capability. [RAN2, RAN3]
Note 1: 	Details of the 5G clock quality information will be decided by RAN3.
c.	UE in RRC_IDLE and RRC_INACTIVE state determining that the 5G Clock quality information has changed via information received in the broadcast signalling. [RAN2]
In this contribution, we discuss the impact of timing synchronization status and reporting in RRC_IDLE/RRC_INACTIVE mode via system information.
Discussion
In last RAN2#121 meeting, RAN2 replied LS on proposed method for Time synchronization status reporting to UE(s) to SA2/CT1 [2] and think it is feasible to randomize the UE(s) re-connection to the cell due to a new clock quality information available in the cell with current UAC framework. Furthermore, RAN2 ask CT1 if we can use an existing access category or require a new one for the access attempt to retrieve the latest available clock quality information. Therefore, for the access issue on UAC, we can wait for CT1’s reply. And in the following, we will discuss the possible issues of timing synchronization status and reporting in RRC_IDLE/RRC_INACTIVE mode via system information.
1) Issue 1: The reference report ID broadcasted in SIB9
In SA2 LS [3]:
	With respect to informing UEs in RRC_Inactive/Idle about a change of the RAN clock quality, SA2 has concluded the following:
-	The gNB includes in SIB9 a reference report ID as a notification for the UEs reading the SIB9 that there is new clock quality information available. The UE compares the reference report ID with locally stored reference report ID to determine if it had retrieved the last available clock quality information already.
-	The reference report ID consists of the scope of the report ID and an Event ID (an integer). Scope may either identify a group of cells within a single gNB or a group of cells across gNBs. The latter would reduce the amount of signalling even further since then UEs that move to another gNB would not need to retrieve the clock quality details.
SA2 question: SA2 would like to kindly request RAN2 and RAN3 to provide feedback whether both scopes (group of cells per gNB, group of cells across gNBs) can be beneficial and supported.


And RAN2 replied [2]:
	On scope of the report ID:
SA2 question: SA2 would like to kindly request RAN2 and RAN3 to provide feedback whether both scopes (group of cells per gNB, group of cells across gNBs) can be beneficial and supported.

RAN2 answer: it is beneficial to avoid the UE getting RRC connection whenever it moves to another cell. Identifying cells within the same gNB for option a) can already be supported with gNB ID length broadcasted, while identification of cells across different gNBs sharing the report ID with option b) would need signalling to be defined in RAN2.


RAN3 replied [4]:
	For the question: “SA2 would like to kindly request RAN2 and RAN3 to provide feedback whether both scopes (group of cells per gNB, group of cells across gNBs) can be beneficial and supported.”

RAN3 answer:
-	Depending on gNB topology, clock quality information can be the same for some or all cells of a gNB. Also, topologies can exist where clock quality information is different between “groups of cells within a single gNB” (e.g. cells served by different gNB-DUs).
-	RAN3 understands that it shall be possible for NG-RAN to ensure that UEs are kept in RRC_IDLE or RRC_INACTIVE state when moving between cells of a gNB with the same clock quality. From RAN3 point of view, this can be supported with just the “Event ID”.
-	RAN3 does not see a need to support “group of cells across gNBs” in Release 18, considering its limited applicability and the likely specification effort (e.g. coordination of the reference report ID over the Xn interface).


According to RAN3’s answer, RAN3 does not see a need to support “group of cells across gNBs” (i.e. option b)) in Release 18. 
Proposal 1: RAN2 confirms that for the reference report ID only “group of cells within a single gNB” is considered, per RAN3 LS.
Furthermore, it can be observed from RAN3 LS that even within a single gNB (e.g. cells served by different gNB-DUs) clock quality information may be different. That means it is not enough to reuse the existing gNB ID as the report ID. In order to inform UEs in RRC_INACTIVE/IDLE about a change of the RAN clock quality, both the report ID and an Event ID need to be defined in SIB9.
Observation 1: According to RAN3 LS, even within a single gNB (e.g. cells served by different gNB-DUs) clock quality information may be different.
Proposal 2: Both the report ID and an Event ID need to be defined in SIB9.

2) Issue 2: Change of reference report ID in SIB9
In [5], the reference report ID in SIB9 may be changed, e.g. the reference report ID in SIB9 may be present in T1 and it may be absent in T2, as highlighted with yellow below. And as the text highlighted with green states, either event needs to notify UEs so that interested UEs can know there is new clock quality information available. In addition, the value of reference report ID in SIB9 may be updated, e.g. the reference report ID 1 to the reference report ID 2. To keep the mechanism simple, the existing SI modification mechanism can be reused to notify UEs about the update of reference report ID in SIB9.
	RAN nodes may be pre-configured with the thresholds for each timing synchronization status attribute, if supported, that is described in Table 5.27.1.12-1. When the network timing synchronization status exceeds the threshold (i.e. status degradation), or the network timing synchronization status meets the thresholds again (i.e. status improvement), the RAN node notifies the TSCTSF (either using N2 node level signalling via AMF, or via OAM) with the RAN Node ID, the scope of the timing synchronization status and the corresponding network timing synchronization status attributes as described in this clause. The NG-RAN indicates the status change to the UEs via SIB9:
· When the network timing synchronization status exceeds the threshold, the NG-RAN includes in SIB9 a reference report ID. When the network timing synchronization status meets the thresholds again (i.e. status improvement), the NG-RAN stops broadcasting the reference report ID in SIB9. Either event serves as a notification for the UEs reading the SIB9 that there is new clock quality information available.
· The UE in RRC_INACTIVE or RRC_IDLE state compares the reference report ID in SIB9 (or lack of reference report ID) with locally stored reference report ID to determine if it had retrieved the last available clock quality information already. The reference report ID consists of the scope of the report ID and an Event ID (an integer). Scope should support providing clock quality for all the cells within a single NG-RAN node.
Editor's note:	Support for scope of the report ID for a group of cells within a NG-RAN node or a group of cells across NG-RAN nodes depends on RAN2/3 feedback. If supported, how TSCTSF determines the impacted UE is FFS.
-	If the UE is instructed by AMF (via Registration or the UE Configuration Update procedure) to reconnect to the network in the case when the UE determines that report ID has changed, the UE in RRC_INACTIVE or RRC_IDLE state reconnects to the network. After the UE has reconnected to the network, the NG-RAN uses unicast RRC signalling to provision the clock quality information to the UEs.


Proposal 3: When the reference report ID in SIB9 is changed, including absence to presence, presence to absence, and the update of the value of the reference report ID, existing SI update mechanism can be reused to notify UEs.
CT1 has already agreed CRs on the 5GS network timing synchronization status and reporting based on SA2’s agreements. And according to the agreed CR in [6], only the above text in pink has already been captured in NAS layer. The details are shown in Annex.
Observation 2: CT1 has already captured in TS24.501 that the UE in RRC_INACTIVE or RRC_IDLE state reconnects to the networks when the NAS layer receives an indication of a change in the RAN timing synchronization status, and the UE was instructed by AMF to reconnect to the network in such case.
But it is not clear which layer to provide an indication of a change in the RAN timing synchronization status. As the AS layer of the UE can obtain reference report ID from SIB9 directly, it is straightforward for the AS layer of the UE to provide the indication. The AS layer of a UE in RRC_INACTIVE or RRC_IDLE state receives the reference report ID in SIB9 (or finds lack of reference report ID), it compares with locally stored reference report ID. If the AS layer of the UE finds there is a change of reference report ID, it provides an indicator of a change in the RAN timing synchronization status to the NAS layer of the UE. Then the NAS layer of the UE triggers corresponding procedures as mentioned in [6].
[bookmark: _GoBack]Proposal 4: When the AS layer of the UE finds there is a change of reference report ID, it indicates a change in the RAN timing synchronization status to the NAS layer of the UE.
Conclusion
[bookmark: OLE_LINK58][bookmark: OLE_LINK59][bookmark: OLE_LINK60][bookmark: OLE_LINK47][bookmark: OLE_LINK48]According to the analysis in section 2, we observe and propose:
Proposal 1: RAN2 confirms that for the reference report ID only “group of cells within a single gNB” is considered, per RAN3 LS.
Observation 1: According to RAN3 LS, even within a single gNB (e.g. cells served by different gNB-DUs) clock quality information may be different.
Proposal 2: Both the report ID and an Event ID need to be defined in SIB9.
Proposal 3: When the reference report ID in SIB9 is changed, including absence to presence, presence to absence, and the update of the value of the reference report ID, existing SI update mechanism can be reused to notify UEs.
Observation 2: CT1 has already captured in TS24.501 that the UE in RRC_INACTIVE or RRC_IDLE state reconnects to the networks when the NAS layer receives an indication of a change in the RAN timing synchronization status, and the UE was instructed by AMF to reconnect to the network in such case.
Proposal 4: When the AS layer of the UE finds there is a change of reference report ID, it indicates a change in the RAN timing synchronization status to the NAS layer of the UE.
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Annex
//text from CR C1-230953
//skip irrelevant pat***************************
[bookmark: _Toc20232547][bookmark: _Toc27746637][bookmark: _Toc36212818][bookmark: _Toc36656995][bookmark: _Toc45286656][bookmark: _Toc51947923][bookmark: _Toc51949015][bookmark: _Toc123901379]5.2.3.2.3	ATTEMPTING-REGISTRATION-UPDATE
The UE in 3GPP access:
a)	shall not send any user data;
b)	shall initiate a registration procedure for mobility and periodic registration update on the expiry of timers T3502, T3511 or T3346;
c)	shall initiate a registration procedure for mobility and periodic registration update when entering a new PLMN, if timer T3346 is running and the new PLMN or SNPN is not equivalent to the PLMN or SNPN where the UE started timer T3346, the PLMN identity of the new cell is not in the forbidden PLMN lists, and the current TAI is not in one of the lists of 5GS forbidden tracking areas;
d)	shall initiate a registration procedure for mobility and periodic registration update when the current TAI has changed, if timer T3346 is not running, the PLMN identity of the new cell is not in one of the forbidden PLMN lists or the SNPN identity of the new cell is in neither the "permanently forbidden SNPNs" list nor the "temporarily forbidden SNPNs" list which are, if the UE supports access to an SNPN using credentials from a credentials holder, associated with the selected entry of the "list of subscriber data" or the selected PLMN subscription, and the current TAI is not in one of the lists of 5GS forbidden tracking areas;
e)	may initiate a registration procedure for mobility and periodic registration update upon request of the upper layers to establish an emergency PDU session or perform emergency service fallback;
e1)	may initiate a registration procedure for mobility and periodic registration update upon request of the upper layers to establish a PDU session, even if timer T3502, T3346 or T3447 is running, if the UE is a UE configured for high priority access in the selected PLMN;
e2)	may initiate a registration procedure for mobility and periodic registration update upon request of the upper layers to establish a PDU session, even if timer T3502, T3346 is running, if the UE is a UE configured for high priority access in selected SNPN;
f)	may perform de-registration locally and initiate a registration procedure for initial registration for emergency services even if timer T3346 is running;
g)	shall initiate registration procedure for mobility and periodic registration update upon reception of paging, or upon reception of NOTIFICATION message with access type indicating 3GPP access;
NOTE:	As an implementation option, the MUSIM UE is allowed to not respond to paging based on the information available in the paging message, e.g. voice service indication.
h)	may initiate a registration procedure for mobility and periodic registration update upon request for an MMTEL voice call, MMTEL video call, or an MO IMS registration related signalling from the upper layers, and none of the following conditions is met:
1)	timer T3346 is running;
2)	the UE has stored a list of "non-allowed tracking areas" and the current TAI is in the list of "non-allowed tracking areas"; or
3)	the UE has stored a list of "allowed tracking areas", the UE is camped on a cell which is in the registered PLMN or a PLMN from the list of equivalent PLMNs, and the current TAI is not in the list of "allowed tracking areas";
i)	shall initiate a registration procedure for mobility and periodic registration update if the 5GS update status is set to 5U2 NOT UPDATED, and timers T3511, T3502 and T3346 are not running;
j)	if configured for eCall only mode as specified in 3GPP TS 31.102 [22], shall perform the eCall inactivity procedure at expiry of timer T3444 or timer T3445 (see subclause 5.5.3);
k)	may initiate a registration procedure for mobility and periodic registration update for UE in NB-N1 mode upon receiving a request from upper layers to transmit user data related to an exceptional event and the UE is allowed to use exception data reporting (see the ExceptionDataReportingAllowed leaf of the NAS configuration MO in 3GPP TS 24.368 [17]) if timer T3346 is not already running for "MO exception data" and even if timer T3502 or timer T3511 is running; and
l)	shall not initiate the de-registration signalling procedure unless the current TAI is part of the TAI list.; and
x)	shall initiate a registration procedure for mobility and periodic registration update if the UE supports the reconnection to the network due to RAN timing synchronization status change and receives an indication of a change in the RAN timing synchronization status.
//skip irrelevant pat***************************
5.3.1.4	5GMM-CONNECTED mode with RRC inactive indication
//skip irrelevant pat***************************
Upon receiving AMF paging indication from the lower layers, the UE shall transition from 5GMM-CONNECTED mode with RRC inactive indication to 5GMM-IDLE mode over 3GPP access and handle the AMF paging same as the paging request received in the 5GMM-IDLE mode over 3GPP access as specified in subclause 5.6.1.
If the UE supporting the reconnection to the network due to RAN timing synchronization status change has been requested to reconnect to the network upon receiving an indication of a change in the RAN timing synchronization status (see subclauses 5.4.4.2, 5.5.1.2.4, and 5.5.1.3.4) and the UE receives an indication of a change in the RAN timing synchronization status, the UE in 5GMM-CONNECTED mode with RRC inactive indication shall request the lower layers to transition to RRC_CONNECTED state.

//skip irrelevant pat***************************
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The purpose of the service request procedure is to change the 5GMM mode from 5GMM-IDLE to 5GMM-CONNECTED mode. If the UE is not using 5GS services with control plane CIoT 5GS optimization, this procedure is used to request the establishment of user-plane resources for PDU sessions which are established without user-plane resources. In latter case, the 5GMM mode can be the 5GMM-IDLE mode or the 5GMM-CONNECTED mode if the UE requires to establish user-plane resources for PDU sessions. If the UE is using 5GS services with control plane CIoT 5GS optimization, this procedure can be used for UE initiated transfer of user data via the control plane from 5GMM-IDLE mode.
NOTE 1:	The lower layer indicates when the user-plane resources for PDU sessions are successfully established or released.
This procedure is used when:
-	the network has downlink signalling pending over 3GPP access and the UE is in 5GMM-IDLE mode over 3GPP access;
-	the network has downlink signalling pending over non-3GPP access, the UE is in 5GMM-IDLE mode over non-3GPP access and in 5GMM-IDLE or 5GMM-CONNECTED mode over 3GPP access;
-	the UE has uplink signalling pending over 3GPP access and the UE is in 5GMM-IDLE mode over 3GPP access;
-	the network has downlink user data pending over 3GPP access and the UE is in 5GMM-IDLE mode over 3GPP access;
-	the network has downlink user data pending over non-3GPP access, the UE is in 5GMM-IDLE mode over non-3GPP access and in 5GMM-IDLE or 5GMM-CONNECTED mode over 3GPP access;
-	the UE has user data pending over 3GPP access and the UE is in 5GMM-IDLE or 5GMM-CONNECTED mode over 3GPP access;
-	the UE has user data pending over non-3GPP access and the UE is in 5GMM-CONNECTED mode over non-3GPP access;
-	the UE in 5GMM-IDLE mode over non-3GPP access, receives an indication from the lower layers of non-3GPP access, that the access stratum connection is established between the UE and the network, if T3346 is not running;
-	the UE in 5GMM-IDLE or 5GMM-CONNECTED mode over 3GPP access receives a request from the upper layers to perform emergency services fallback and performs emergency services fallback as specified in subclause 4.13.4.2 of 3GPP TS 23.502 [9];
-	the UE has to request resources for V2X communication over PC5;
-	the UE has to request resources for 5G ProSe direct discovery over PC5 or 5G ProSe direct communication over PC5;
-	the MUSIM UE in 5GMM-IDLE mode requests the network to remove the paging restriction; or
-	the MUSIM UE requests the release of the NAS signalling connection or rejects the paging request from the network; or.
-	the UE supporting the reconnection to the network due to RAN timing synchronization status change receives an indication of a change in the RAN timing synchronization status.
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