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[bookmark: _Hlk526665839]Abstract of the contribution: This paper proposes updates for alternative 1 in Annex A.1 for key issue #1 “5GS network timing synchronization status and reporting” to the TR 23.700-25.
Discussion
1.1	Overview
There are 4 alternatives documented in Annex A.1 in the TR for KI#1. This contribution further describes how alternative 1 “gNB provides a reference report ID within SIB” in clause A.1.1 can work to solve KI#1. 

1.2	How the UE can use the status report ID?
During SA2#153E, different alternatives how to use the status report ID the NG-RAN node includes in SIB were briefly discussed for Annex A.1 alternative 1:
a) The UE can actively retrieve the RAN timing synchronization status information from the network by entering RRC_CONNECTED when the UE determines there is a new RAN timing synchronization status report available based on the report ID. Then, the gNB can forward the latest report via dedicated RRC signaling.
b) The UE can read the report ID and automatically determine the RAN timing synchronization status without having to move to RRC_CONNECTED (i.e., UEs in RRC_INACTIVE/IDLE can stay in their state). The report ID maps to a pre-defined and/or standardized time synchronization characteristics (i.e., standardized report IDs or operator defined report IDs). 

Focusing on option b) (that has a similar functionality than 5QI functionality for the QoS model in 5GS), there could be two types of report ID definition: 
-	Standardized report IDs: The specification describes for a value of report ID the associated values of time synchronization characteristics.
-	Pre-defined report IDs: The operator can define additional values of report IDs with a different values of time synchronization characteristics.
To limit the possible permutations of report IDs, in addition to the report ID mapping to time synchronization characteristics, the UEs or AFs may receive additional time synchronization characteristics via SLA or dedicated signaling. The decision depends on the time synchronization characteristics to consider. For example, the following parameters can be considered:
· Lock state (2 bits): Indicates the state of the NG-RAN node synchronization, represented by the values: 
· Locked: clock is in the locked mode, as defined in ITU-T G.810.
· Holdover: clock is in the holdover mode, as defined in ITU-T G.810.
· Freerun: clock isn't locked to an input reference, and is not in the holdover mode, as defined in ITU-T G.810.
· Parent Time Source (4 bits): This parameter indicates the immediate source of time used by the NG-RAN the status report refers to. This parameter can contain the values: atomic clock, GNSS, terrestrial radio, serial time code, PTP, NTP, hand set, internal oscillator, other. 
· Clock class (3 bits): Similar to PTP specifications, this integer denotes the traceability, synchronization state and expected performance of the time or frequency distributed by the NG-RAN node. Example of clock class values are summarized in Table 1. “Locked with" means the node is directly synchronized to that source. Holdover specification shall be common to the cell and understood (based on previous notifications or signaling between the UE and the 5GS) by all UEs in the cell.

Table 1 NG-RAN node clock class description examples.
	Clock class
	Clock status

	1
	Node locked with Primary Reference Clock (PRC)

	2
	Node synchronized to an application-specific source of time (local clock)

	3
	Node in holdover mode after losing PRC but still within the designated holdover specification

	4
	Node in holdover mode after losing local clock but still within the designated holdover specification

	5
	Node in holdover mode and is not within the designated holdover specification (clock drifted more than tolerable)



· Clock stability: Estimate of the variation of the local clock when it is not synchronized to another source. Similar to PTP offsetScaledLogVariance attribute.
· Clock identifier: Identity of the grandmaster used at the NG-RAN.
· For PTP source type: grandmasterClockIdentity
· For GNSS source type: Satellite constellation (e.g., GPS, GLONASS, GALILEO, BEIDOU).
· For other source type: Any ID, if any
· Physical layer frequency availability: If the gNB is in holdover mode, this parameter can further describe if the gNB relies on the performance of a local oscillator or if the gNB has a physical layer frequency input available still. Example of values: PHY freq input available, PHY freq input not available.
· Holdover specification: Description of the bounds of the maximum excursions in the output timing signal compared to the applicable primary reference source. For example, this description can be based on different alternatives:
· Time interval and time error (as a function of the time interval)
· Holdover period and total time error allocated to the gNB in the budget for the failure scenario

Note clock accuracy is not listed as it is considered that RTI uncertainty field could provide an indication of the accuracy. Otherwise clock accuracy can be another parameter to include in the list.
The simplest alternative is for the report ID to only map to a clock class. Then, additional time synchronization characteristic can be known based on SLA or using dedicated signalling. Other variants could complement the clock class information with a range of other attributes (e.g., like clock stability).  

Proposal 1: Alternative 1 “gNB provides a reference report ID within SIB” is selected for normative work.


1.3	How the UE determines there is a new RAN timing synchronization status report available?
The notification of a status report ID enables a UE in RRC_INACTIVE or RRC_IDLE to determine if there is new RAN timing synchronization status report is available at the NG-RAN node. The status report ID needs to be always provided by the NG-RAN node that has a status to notify (i.e., time source degradation, improvement, or failure) for UEs already camping or arriving to the cell to be aware of the synchronization status. When the UE determines there is a new status report ID available, the UE will enter RRC_CONNECTED state to receive the last status report available. It is assumed the UE can store the report for a period to avoid the UE reconnecting to retrieve the same RAN timing synchronization status report in multiple occasions. 
Observation 1: It is assumed the UE can store retrieved RAN timing synchronization status reports.
The UE may camp in different cells while it is in RRC_INACTIVE or RRC_IDLE (e.g., cell reselection procedure). Therefore, the status report ID composition should ensure that from UE perspective, it is able to recognize if the status report ID is reading via SIB is associated to a new event or not, considering that the NG-RAN node serving the cell may or may not be the same. Note even if the NG-RAN node does not change, for the disaggregated RAN architecture, the different radio nodes that have access to the primary sources (e.g., gNB-DU) will need to be differentiated too. Starting with the gNB level differentiation, two options can be considered:
a) The UE uses only the status report ID to determine when a report is novel or not. 
b) The UE uses status report ID and the SIB1 information (i.e., PLMN_IdentityInfoList copied below) to identify the serving gNB in the cell (e.g., cellIdentity and gNBIDlength IEs) and determine when a report is novel or not.
-- ASN1START
-- TAG-PLMN-IDENTITYINFOLIST-START

PLMN-IdentityInfoList ::=               SEQUENCE (SIZE (1..maxPLMN)) OF PLMN-IdentityInfo

PLMN-IdentityInfo ::=                   SEQUENCE {
    plmn-IdentityList                       SEQUENCE (SIZE (1..maxPLMN)) OF PLMN-Identity,
    trackingAreaCode                        TrackingAreaCode                                            OPTIONAL,       -- Need R
    ranac                                   RAN-AreaCode                                                OPTIONAL,       -- Need R
    cellIdentity                            CellIdentity,
    cellReservedForOperatorUse              ENUMERATED {reserved, notReserved},
    ...,
    [[
    iab-Support-r16                     ENUMERATED {true}                                               OPTIONAL       -- Need S
    ]],
    [[
    trackingAreaList-r17                SEQUENCE (SIZE (1..maxTAC-r17)) OF TrackingAreaCode             OPTIONAL,      -- Need R
    gNB-ID-Length-r17                   INTEGER (22..32)                                                OPTIONAL       -- Need R
    ]]
}
-- TAG-PLMN-IDENTITYINFOLIST-STOP
-- ASN1STOP










Option a) is simpler as the UE only relies in comparing one field to identify new information is available, but this can result on a report ID generation more complicated as it needs to ensure two report IDs from different gNBs are not the same even if both reports share the same ID, and that a report ID cannot be used multiple times in a period of time (while a UE may have stored a previous report with the same ID). Option b) on the other hand uses two fields for this determination, the report ID and the gNB ID. Then, if there is a new gNB serving the cell the UE is camping, the UE should conclude to retrieve the last status report ID even if the report ID used is already stored at the UE (i.e., previous stored report IDs are not valid anymore). 
Proposal 2: The UE uses status report ID and the SIB1 information to identify the serving gNB in the cell to determine when a status report ID included in SIB is associated to novel information or not.
When constructing the report ID, three options can be considered:
1) The report ID is constructed from a random number: When a primary source event occurs, each impacted NG-RAN node selects a random number when a new RAN timing synchronization status report is generated. 
2) The report ID is constructed using pre-agreed potential values that are known at the UE and the NG-RAN node. That is, standardized integer values already included in the specification or operator defined values.
3) The report ID is constructed from a cell group ID and event ID: When a primary source event occurs, each impacted NG-RAN node construct the report ID based on the following two fields:
· Cell group ID is an integer allocated by the gNB-CU that identifies a group of cells controlled by the same gNB-DU. This is done to differentiate gNB-DUs that may have access to different primary reference sources.
· Event ID is an integer selected by the gNB that identifies the primary source issue (e.g., failure, degradation, recovery) the gNB is experiencing (based on pre-agreed potential values known at the UE and network side or a dynamically allocated values can be used, as described in option 2)).

Option 1) is simpler, if the gNB identity is used together with report ID and the same gNB-CU is controlling the Registration Area (RA) or the RAN Notification Area (RNA) the UEs in RRC_IDLE/INACTIVE can move, then the gNB-CU can inform the gNB-DU about the range from which the gNB-DU can generate the random numbers. To ensure only new reports are retrieved from the serving NG-RAN, option 2) should be used together with option b) listed above (i.e., the UE uses status report ID and the SIB1 information). Option 3) is the most complex report ID to construct but converges the benefits of options 2) and b) in a different manner by means of defining how the report ID is constructed and coordinating the IDs to be allocated per gNB-DU. The rationale to focus on the gNB-DU (that will lead to RAN3 impacts), is that this node is the one that for most 5G deployments can be assumed to be connected to the 5G clock grandmaster that is disseminated via RTI towards the UEs. 
Proposal 3: Relying on a pre-agreed potential values of the whole report ID or subcomponents of report ID can ensure different IDs uniquely apply for a gNB source event (e.g., failure/degradation/improvement).
 
Proposal
It is proposed to add the following solution to TR 23.700-25.

*** Start of changes ***
Annex A:
Annex A.1 Methods to notify RAN Time Synchronization Status towards the UE
A.1.1 Alternative 1: gNB provides a reference report ID within SIB
In this alternative when there is a new RAN timing synchronization status report available at the gNB, the gNB includes in the SIB a status report ID as a notification for the UEs reading the SIB. The report ID can be an optional integer information element. This report ID enables the UE to know there is new information available at the NG-RAN that is not available locally at the UE. There are two options for the UE to determine RAN timing synchronization status information with the Rreport ID:
a) The UE can actively retrieve the RAN timing synchronization status information from the network by entering RRC_Connected.. In order to determine if a report ID is associated to a new report, the UE uses status report ID and the SIB1 information to identify the serving gNB in the cell. For report ID composition, the report ID is constructed from a pre-agreed (known values at the UE and network side) set of values. The report ID is constructed from a cell group ID and event ID elements:
· Cell group ID is an integer allocated by the gNB that identifies a group of cells controlled by the same gNB-DU.
· Event ID is an integer which values are standardized or operator defined that are known at the UE and the NG-RAN node.

b) Report ID is an index that maps to a pre-defined and/or standardized time synchronization characteristics thus the UE can automatically determine this without having to move to RRC_CONNECTED state. The report ID is composed by one integer which values are standardized or operator defined that are known at the UE and the NG-RAN node.
To limit the possible permutations of report IDs, in addition to the report ID mapping to time synchronization characteristics, the UEs or AFs may receive additional time synchronization characteristics via SLA or dedicated signalling. The decision depends on the time synchronization characteristics that should be considered. For example, the following parameters can be considered: Lock state, Parent Time Source, Clock class, Clock stability, Clock identifier, Physical layer frequency availability, Holdover specification. 
An overall procedure for SIB including a reference report ID is illustrated in Figure A.1.1-1.





Figure A.1.1-1: Procedure for gNB provisioning status report ID in SIB
1.	The UE has received reference time information using unicast RRC or via SIB9. The RAN releases the UE to RRC Inactive or RRC Idle state.
2.	The NG-RAN node detects a primary source event (e.g., degradation, failure, recovery).
3.	The NG-RAN generates a RAN timing synchronization status report and an associated status report ID.
4-5.	The NG-RAN node broadcasts a status report ID in the cell using the SIB to notify the primary source event to the UEs camping in the cell.
6.	The UE reads SIB and the status report ID and: 
- 	Alternative a), if the UE determines there is does not have stored locally the RAN timing synchronization status report corresponding to the status report ID, the UE retrieves a new RAN timing synchronization status report corresponding to the status report ID from available at the NG-RAN which should be retrieved following steps 7-9. Otherwise, the UE uses the locally stored RAN timing synchronization status report and steps 7-9 are skipped; or
-	Alternative b), the UE uses the status report ID as an index to map to the pre-defined and/or standardized characteristics. Steps 7-9 are skipped.
7.	In case of alternative a), the UE enters RRC_ConnectedCONNECTED..
8.	In case of alternative a) after UE moves to RRC_CONNECTED mode, the NG-RAN determines the UE is subscribed to RAN timing synchronization status (e.g., based on configuration provided by the TSCTSF via AMF).
9.	In case of alternative a) the NG-RAN node sends the last available RAN timing synchronization status report with its associated status report ID to the UE via dedicated RRC signaling. The UE may store the RAN timing synchronization status report with the corresponding status report ID locally for a configured time or until deregistration, and thus avoid the need to reconnect with the network.
10.	In case of alternative b) the UE uses the report ID as an index to map to the pre-defined and/or standardized characteristics that describe the RAN timing synchronization status.
*** End of changes ***
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!@@@Chart-generator later than 5.0����ÿ¢�#This is the default signalling chart.
#Edit and press F2 to see the result.
#You can change the default chart
#with the leftmost button on the Preferences pane of the ribbon.
ue [label="UE/DS-TT"],
ran [label="NG-RAN"],
amf [label="AMF"],  
tsctsf [label="TSCTSF"];
  
#text.wrap=yes;
hscale=1.1;
text.size.normal=12;
vspace 10;
hspace tsctsf 35; 
numbering = yes; 
box ue -- tsctsf:  UE has already access stratum configured.
                   UE is in RRC Inactive state [number  = no];
ran->ue:SIB9 or dedicated RRC
        (RTI);
...;
box ran -- ran: Primary source
                event;
box ran -- ran: gNB generates a RAN 
                timing synchronization
                status report and
                report ID;
ran->ue: SIB9
         (RTI, status report ID);
...;
ran->ue: SIB9
         (RTI, status report ID);

box ue -- ue: UE reads status report ID;

box ue -- amf: For alternative a) [number  = no]{

ue -- ran: 7a. If the UE is in RRC_Inactive, the UE 
           initiates RRC Resume procedure [number  = no, line.type=dashed];

ue -- amf: 7b If the UE is in RRC_Idle, the UE 
           initiates Registration procedure [number  = no, line.type=dashed];


box ran -- ran: 8. gNB realizes the UE is
                a consumer of RAN timing
                synchronization status
                reports [number  = no];
ran->ue: 9. DLInformationTransfer
         (RTI, RAN timing synchronization 
         status report, status report ID)[number  = no];
};
box ue -- ue: 10. For alternative b) the UE 
              uses the report ID as an index 
              to determine the RAN timing 
              synchronization status 
              inforamtion [number  = no];
����������������
signalling���0
0
0
0
,��������
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