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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
RAN#99 has approved for a new Work Item on NR Timing Resiliency and URLLC enhancements[1], one detailed objective regarding timing synchronization is as follow,
	1.	5GS network timing synchronization status and reporting [RAN3, RAN2]:
a.	AMF providing clock quality reporting control information per-UE to the gNB. [RAN3]
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]
d.	gNB reporting node-level RAN timing synchronization status information towards the AMF, based on RAN timing synchronization status reporting configuration and gNB capability. [RAN3]


To address Objective 1b and 1c within RAN2’s scope, we make the following discussion.
2. Discussion
2.1	Procedures to transfer 5G Clock quality information
SA2 has come to some conclusions on providing 5G Clock quality information from NG-RAN to UE in TS 23.700-25[2],
	-	UE determining that the RAN clock quality information changed using:
-	SIB broadcast information to enable UEs in RRC_IDLE and RRC_INACTIVE and in the case of RRC_CONNECTED UEs, dedicated RRC signalling, to enable UEs to determine that:
-	the timing synchronization status of the cell that the UE is camping on has changed;
-	the timing synchronization status of the new cell the UE is camping on after cell reselection is different compared to the timing synchronization status of the cell that the UE was previously camping on.
-	If the UE has determined that the RAN clock quality information has changed and the UE has been requested by the TSCTSF to connect to the network in the case that the RAN clock quality information changes, the UE performs a registration (if the UE is in RRC_IDLE) or the UE Triggered Connection Resume in RRC Inactive procedure (if the UE is in RRC_INACTIVE).
-	Informing UEs in RRC_Inactive/Idle state about a change of the RAN clock quality information:
-	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.
NOTE 3:	It is not required that the UE always transitions to RRC_CONNECTED immediately to retrieve the latest available clock quality information. In order to reduce RACH access from many UE(s) (to move back to RRC_CONNECTED state) at the same time, the following option has been considered pending RAN WG2 feedback:
-	The RAN may require that the UE(s) randomize re-connecting back to the network, i.e. to spread the UEs' connection attempts in the time domain, e.g. over the course of one minute. It is up to RAN WG2 to determine how this is achieved.


It can be summarized from the above conclusions that, the detailed 5G clock quality information is only obtained by RRC_CONNECTED UE from gNB via dedicated RRC signaling. While gNB broadcasts a reference status report ID in SIB9, in order to enable RRC_IDLE or RRC_INACTIVE UE’s decision on the timing synchronization status between the camped cell with the cell that UE locally maintains the status report ID. Once UE not in the RRC_CONNECTED state determines to retrieve the latest available clock information, it initiates RACH process.
For a clear demonstration of the whole process, we assume the signaling procedures to get 5G clock quality information as in Figure 1.


[bookmark: _Ref131694496]Figure 1: Overall Procedures to obtain 5G clock quality information
Proposal 1: Confirm the following SA2’s conclusions regarding NG-RAN procedures on 5G clock quality information:
· RRC_INACTIVE/IDLE UE to be informed of timing synchronization status via status report ID in SIB9 by comparison with the one maintained locally
· RRC_CONNECTED UE to be informed of 5G clock quality information via dedicated RRC message
Based on SA2’s conclusion, UE in the RRC_INACTIVE/IDLE state may transition to RRC_CONNECTED to retrieve the latest available clock quality information. SA2 sent LS to RAN2 about the feasibility to support one or more gNBs as the scope of the report ID and the solution to avoid burst RACH access simultaneously. The issues were discussed in RAN2#121 meeting and came to the following agreements:
Agreement:
1. Respond to SA2 that 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
2. Identification of cells across different gNBs sharing the report ID with option b) would need signalling to be defined in RAN2.
3. Respond to SA2 that 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. RAN2 asks if it would require a new category or if we can use existing one. cc CT1
Based on RAN2 agreement, the current UAC mechanism can be used to avoid the RACH congestion, i.e., no additional mechanism needs to be introduced. RAN2 also Cc CT1 to ask if new access category should be introduced for the access attempt to retrieve the latest available clock quality information. At such stage, RAN2 can wait for CT1’s response and postpone the related discussion. 
Proposal 2: Postpone the discussion until CT1’s feedback on UAC framework to randomize UE access to network in the time domain.
2.2	Enhancements on signaling
2.2.1	Enhancement on dedicated RRC message
As stated beforehand, UE is notified about 5G Clock Quality information if RAN decides to expose it via RRC dedicated messages when RAN finds UE is in RRC_CONNECTED. Taking a step forward, we assume that this dedicate RRC message can be DLInformationTransfer message, which can be used to carry timing information for the 5G internal system clock. Timing synchronization information defined in R16/R17 is also contained in this message as denoted in the highlight part. In view of the RRC connection state, the transfer direction and the information content, the clock quality information is suitable to be placed in DLInofrmationTransfer.
	DLInformationTransfer ::=           SEQUENCE {
    rrc-TransactionIdentifier           RRC-TransactionIdentifier,
    criticalExtensions                  CHOICE {
        dlInformationTransfer           DLInformationTransfer-IEs,
        criticalExtensionsFuture            SEQUENCE {}
    }
}

DLInformationTransfer-IEs ::=       SEQUENCE {
    dedicatedNAS-Message                DedicatedNAS-Message                OPTIONAL,   -- Need N
    lateNonCriticalExtension            OCTET STRING                        OPTIONAL,
    nonCriticalExtension                DLInformationTransfer-v1610-IEs     OPTIONAL
}

DLInformationTransfer-v1610-IEs ::= SEQUENCE {
    referenceTimeInfo-r16               ReferenceTimeInfo-r16               OPTIONAL,   -- Need N
    nonCriticalExtension                DLInformationTransfer-v1700-IEs     OPTIONAL
}

DLInformationTransfer-v1700-IEs ::= SEQUENCE {
    dedicatedInfoF1c-r17                DedicatedInfoF1c-r17                OPTIONAL,   -- Need N
    rxTxTimeDiff-gNB-r17                RxTxTimeDiff-r17                    OPTIONAL,   -- Need N
    ta-PDC-r17                          ENUMERATED {activate,deactivate}    OPTIONAL,   -- Need N
    sib9Fallback-r17                    ENUMERATED {true}                   OPTIONAL,   -- Need N
    nonCriticalExtension                SEQUENCE {}                         OPTIONAL
}


Proposal 3: 5G Clock Quality information is carried in DLInformationTransfer message.
2.2.2	Enhancement on broadcasting SIB9
SIB9 contains information related to GPS time and Coordinated Universal Time (UTC), which is considered as the most suitable broadcast signaling for Status Report ID. When introducing this parameter in SIB9, we consider its nature of change and suppose an amendment on Short Message.
One possible solution is that the change of Status Report ID would in turn cause the SI modification accordingly. The first bit in the short message indication is set to 1. Another substitution is to introduce a new field for the change of Status Report ID in the short message. These make sense under the condition that the timing synchronization status does not change rapidly.
If the status changes every now and then, it is not appropriate to notify UE via short messages. We note that the change of the parameter like timeInfoUTC, is excluded from the determination on changes in system information. Status Report ID could resemble the design of it, to explain how it works in the field description.
Therefore, we pretend that the indication on change of Status Report ID need to be discussed thoroughly.
Proposal 4: The update of Status Report ID is informed to UE by SI modification procedure.
Proposal 5: RAN2 to discuss if a new flag should be carried in short message defined specifically for the change of Status Report ID.
3. Conclusion
Based on the above discussion on timing synchronization status and reporting, we hence propose,
Proposal 1: Confirm the following SA2’s conclusions regarding NG-RAN procedures on 5G clock quality information:
· RRC_INACTIVE/IDLE UE to be informed of timing synchronization status via status report ID in SIB9 by comparison with the one maintained locally
· RRC_CONNECTED UE to be informed of 5G clock quality information via dedicated RRC message
Proposal 2: Postpone the discussion until CT1’s feedback on UAC framework to randomize UE access to network in the time domain.
Proposal 3: 5G Clock Quality information is carried in DLInformationTransfer message.
Proposal 4: The update of Status Report ID is informed to UE by SI modification procedure.
Proposal 5: RAN2 to discuss if a new flag should be carried in short message defined specifically for the change of Status Report ID.
4. Reference
[1] [bookmark: _Ref131369494][bookmark: _GoBack]RP-230754	New WID on NR Timing Resiliency and URLLC enhancements
[2] [bookmark: specType1][bookmark: _Ref131691004][bookmark: specNumber]TR 23.700-25	Study on timing resiliency and and URLLC enhancements
[3] [bookmark: _Ref131696825]R2-2302106	Reply LS on Proposed method for Time Synchronization status reporting to UE(s)
image1.emf
1. SIB9 

   (RTI)

NG-RAN UE

0. UE has already access stratum 

time distribution configured.

The RAN releases the UE.

2. Primary 

source event

3. gNB generates RAN 

timing synchronization 

status report and report ID

4. SIB 

(RTI, status report ID)

 SIB 

(RTI, status report ID)

5. UE reads status 

report ID and decides to 

stay synchronized

7. gNB realizes the UE is 

subscribed to RAN timing 

synchronization status

8. Dedicated RRC msg 

(RTI, 5G Clock quality 

information)

6b.RRC Resume

6a.RRC Resume Request

RRC_INACTIVE/IDLE

RRC_CONNECTED


Microsoft_Visio_Drawing.vsdx

1. SIB9 
   (RTI)
NG-RAN
UE
0. UE has already access stratum time distribution configured. The RAN releases the UE.
2. Primary source event
3. gNB generates RAN timing synchronization status report and report ID

4. SIB 
(RTI, status report ID)





SIB 
(RTI, status report ID)
5. UE reads status report ID and decides to stay synchronized
7. gNB realizes the UE is subscribed to RAN timing synchronization status

8. Dedicated RRC msg 
(RTI, 5G Clock quality information)
6b.RRC Resume


6a.RRC Resume Request
RRC_INACTIVE/IDLE
RRC_CONNECTED



