[bookmark: _Ref452454252]3GPP TSG-RAN WG3 Meeting #119	R3-230094
Athens, Greece, 27 Feb - 03 Mar 2023


Agenda item:	8.1
Source:	Nokia, Nokia Shanghai Bell
Title:	Discussion on time synchronization status reporting to UE(s)
Document for:	Discussion and Decision
1	Introduction
SA2 has updated the conclusion for FS_TRS_URLLC key issue #1 “5GS network timing synchronization status and reporting”, and sent an LS to RAN3 [1] requesting feedback on the following:
1)	With respect to informing UEs in RRC_Inactive/Idle about a change of the RAN clock quality, whether both scopes (group of cells per gNB, group of cells across gNBs) can be beneficial and supported.
2)	With respect to providing RAN’s latest clock quality information to the UE in RRC_Connected state, whether the following attributes are available in RAN: time source, traceability to UTC or GNSS, synchronization state, clock accuracy, clock frequency stability, PTP clockClass.
In this paper, we analyse the above questions asked by SA2 and propose a reply from RAN3 perspective.
[bookmark: _Hlk527071819]2	Discussion
2.1	Scope of the reference report ID 
To inform UEs in RRC_INACTIVE/IDLE state about a change of the RAN clock quality information, SA2 has concluded the following:
	From agreed CR0002 for TR 23.700-25 (S2-2301461 [2])
-	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.



Support for accurate time synchronization service was introduced in Release 16, including the delivery of 5G system clock information to the UE. The clock information can be received by the UE, regardless of its RRC state, via the ReferenceTimeInfo (RTI) IE contained in either broadcast (SIB9) or dedicated RRC signaling.
ReferenceTimeInfo-r16 ::= SEQUENCE {
    time-r16                            ReferenceTime-r16,
    uncertainty-r16                     INTEGER (0..32767)          OPTIONAL,   -- Need S
    timeInfoType-r16                    ENUMERATED {localClock}     OPTIONAL,   -- Need S
    referenceSFN-r16                    INTEGER (0..1023)           OPTIONAL    -- Cond RefTime
}

ReferenceTime-r16 ::=           SEQUENCE {
    refDays-r16                         INTEGER (0..72999),
    refSeconds-r16                      INTEGER (0..86399),
    refMilliSeconds-r16                 INTEGER (0..999),
    refTenNanoSeconds-r16               INTEGER (0..99999)
}
For Release 18, SA2 is now discussing timing synchronization status reporting towards the UE to enable the UE to determine if the time information currently being provided by the 5GS can satisfy the desired service requirements of the UE.
-	For UEs in RRC_CONNECTED state, the gNB can use dedicated RRC signaling to provide the timing synchronization status updates (a set of parameters called “clock quality information” in SA2).
-	For UEs in RRC_INACTIVE/IDLE state, SA2 has agreed to introduce a “reference report ID” in SIB9 to notify the UEs that there is a timing synchronization status update available in the gNB without broadcasting the actual time synchronization status in order to avoid delivering such information to UEs that are not subscribed to the service in the cell. 
Figure 1 illustrates how the reference report ID may be used to indicate there is new clock quality information available. The UE in RRC_INACTIVE/IDLE state compares (at step 4) the reference report ID in SIB9 with locally stored reference report ID to determine if it already retrieved the last available clock quality information from the gNB. Depending on the check result, the UE may transition (at step 5) to RRC_CONNECTED state to receive (at step 6) the clock quality information via dedicated RRC signaling. 
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[bookmark: _Ref126915218]Figure 1: Clock quality information reporting for UE in RRC_INACTIVE/IDLE state
SA2 has agreed that the reference report ID consists of two elements:
1)	Cell group ID. It identifies the area scope of the reference report ID (i.e. cells with the same cell group ID have the same clock quality information). SA2 is considering two options for the scope:
(a)	Cell group ID identifies a group of cells within a single gNB.
(b)	Cell group ID identifies a group of cells across gNBs.
2)	Event ID. Integer (or timestamp) that identifies the report and is used by the UE to determine if new information is available compared to the locally stored reports.
SA2 has asked RAN3 for input regarding the scope of the report ID, whether both option (a) and option (b) can be beneficial and supported. 
In typical deployments, the clock quality information will be the same for a group of cells within a gNB, e.g. all the cells of the gNB. Therefore, option (a) is clearly beneficial since it enables the UE to avoid transitioning to RRC_CONNECTED state at every cell change to retrieve clock quality information.  Whether a new cell group ID is needed is in RAN2 scope, but it may already be possible for a UE to identify cells within the same gNB based on information in SIB1 (cellIdentity and gNB-ID-Length).
Observation 1:	From RAN3 perspective, “group of cells within a single gNB” is beneficial for typical deployment scenarios and can be supported in Rel-18.
Option (b) can be seen as a further optimization on top of option (a), where the UE can avoid retrieving the same clock quality information from different gNBs in deployments where a time source degradation/failure/improvement will be common to a group of gNBs that are in close proximity. Following the example illustrated in Figure 2, gNB-DU1 and gNB-DU2 belong to two different gNBs but due to the synchronization plane configuration in the network (e.g., in this case having a GNSS receiver) and their close geographic proximity, both gNB-DUs may experience the same GNSS degradation/failure/improvement. 
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[bookmark: _Ref126661131]Figure 2: Example of option (b), same RAN time synchronization status degradation across gNBs

Considering the above scenario, the scope of reference report ID will lead to two signaling cases as illustrated in Figure 3. Option (b) extends the benefits of option (a) to inter-gNB mobility for certain deployment scenarios such as the one shown in the above example.
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[bookmark: _Ref126663605]Figure 3: Signalling flows examples for scope of the report ID
Since the synchronization plane deployment should be fixed once the 5G network is deployed, the grouping of cells across gNBs that share the same conditions and synchronization plane implementation could be already known and configured in the network with the same cell group ID.
Table 1 summarizes the protocol impacts of option (a) and option (b).
[bookmark: _Ref126668160]Table 1 High level summary of RAN3 impacts due to scope of report ID definition
	
	Option (a) Cell group ID identifies a group of cells within a single gNB
	Option (b) Cell group ID identifies a group of cells across gNBs

	NGAP
	No impact
	No impact

	F1AP
	No impact if existing information in SIB1 (cellIdentity and gNB-ID-Length) can be used to identify the group of cells.
	Maybe. Requires a new cell group ID to be introduced, which may have small impact to F1AP.

	E1AP
	No impact
	No impact

	XnAP
	No impact
	Yes, the Event ID allocation needs to be coordinated by the gNB-CUs (new or modified XnAP procedure)



Option (b) requires a means for multiple gNBs to allocate and broadcast the same Event ID value when there is a time source degradation/failure. This may require coordination over Xn which introduces additional complexity, and a solution would require further RAN3 discussion. Although there is benefit in certain cases, the benefit is incremental on top of option (a) and may not be essential for Rel-18 given the likely specification effort.
Observation 2:	From RAN3 perspective, “group of cells across gNBs” is beneficial in certain cases. However, it requires potentially complex coordination among gNBs to allocate common Event ID values and does not seem essential for Rel-18 given the likely specification effort.
2.2	Clock quality information
To provide RAN’s latest clock quality information to the UE in RRC_CONNECTED state, SA2 has concluded the following:
	From agreed CR0002 for TR 23.700-25 (S2-2301461 [2])
-	If a UE is subscribed for Access Stratum Time Synchronization (ASTI) in the UDM (see clause 8.6), then the "Access and Mobility Subscription data" may additionally contain the following clock quality reporting control information:
-	Clock quality detail level: indicates whether and which clock quality information to provide to the UE and can take one of the following values: clock quality metrics or acceptable/not acceptable indication;
-	Clock quality acceptance criteria for the UE (if the clock quality level equals "acceptable/not acceptable indication"): the clock quality acceptance criteria for the UE. Acceptance criteria can be defined based on the following attributes: time source, traceability to UTC or GNSS, synchronization state, clock accuracy, PTP clockClass, frequency stability.
-	When AMF provides the 5G access stratum time distribution indication and the Uu time synchronization error budget to NG-RAN, AMF also includes the clock quality reporting control information.
-	Based on the clock quality reporting control information received from AMF, RAN reports its timing synchronization status to the UE using unicast RRC:
-	If clock quality detail level is set to "clock quality metrics", then the RAN provides clock quality metrics to the UE that reflect its current timing synchronization status. Clock quality metrics refers to the following information: clock accuracy, PTP clockClass, traceability to UTC, frequency stability, time source, synchronization state.
-	If clock quality detail level is set to "acceptable/not acceptable indication", then the RAN provides an acceptable indication to the UE if the RAN's timing synchronization status matches the acceptance criteria received from AMF; otherwise RAN indicates "not acceptable" to the UE.
-	When determining the clock quality metrics for a UE and when determining whether clock quality is acceptable or not acceptable for a UE, RAN considers whether propagation delay compensation is performed.



From the above agreements, it can be inferred that the RAN provides the latest clock quality information to the UE in RRC_CONNECTED state as follows:
Step 1:	AMF provides clock quality reporting control information to the gNB (together with 5G access stratum time distribution indication and the Uu time synchronization error budget introduced in Rel-17).  The clock quality reporting control information contains:
-	Clock quality detail level: can take one of the following values: “clock quality metrics” or “acceptable/not acceptable indication”.
-	Clock quality acceptance criteria for the UE: applicable if the clock quality detail level equals “acceptable/not acceptable indication”. The acceptance criteria can be defined based on the following attributes: time source, traceability to UTC or GNSS, synchronization state, clock accuracy, PTP clockClass, frequency stability.
Step 2:	Based on the clock quality reporting control information received from AMF, gNB reports its timing synchronization status to the UE using unicast RRC:
a)	If clock quality detail level equals “clock quality metrics”, then the gNB provides clock quality metrics to the UE that reflect its current timing synchronization status. Clock quality metrics refers to the following information: clock accuracy, PTP clockClass, traceability to UTC or GNSS, frequency stability, time source, synchronization state.
b)	If clock quality detail level equals “acceptable/not acceptable indication”, then the RAN provides an acceptable indication to the UE if the RAN's timing synchronization status matches the acceptance criteria received from AMF; otherwise RAN indicates "not acceptable" to the UE.
Note: gNB takes into account whether propagation delay compensation is performed.
Although the clock quality acceptance criteria are UE-specific, it is defined based on attributes that are gNB-specific. The attributes are as follows:
1)	time source: The primary source of time currently used by the gNB. This parameter can contain the values: SyncE, atomic clock, GNSS, terrestrial radio, serial time code, PTP, NTP, hand set, other.
2)	traceability to UTC or GNSS: A property of the clock if it can relate to a stated reference (i.e., UTC or GNSS). This parameter can be defined as a Boolean true/false.
3)	synchronization state: Indicates the state of the gNB synchronization, represented by the values: 
· Locked: clock is in the locked mode, as defined in ITU-T G.810 [4].
· Holdover: clock is in the holdover mode, as defined in ITU-T G.810 [4].
· Freerun: clock isn't locked to an input reference, and is not in the holdover mode, as defined in ITU-T G.810 [4].
4)	clock accuracy: A quantitative value, e.g. the mean over an ensemble of measurements of the time or frequency error between the clock under test and a reference clock.
5)	clock frequency stability: Estimate of the variation of the local clock when it is not synchronized to another source (i.e. operating in holdover mode). Describes a frequency error that is independent of the time source the gNB was using, and typically varies with time due to aging (long term stability). For long term stability, this parameter can be expressed in parts per million (ppm).
6)	PTP clockClass: Applicable only when the time source is “PTP”. An attribute defining the TAI traceability, synchronization state, and expected performance of the time or frequency distributed by a Boundary Clock or Ordinary Clock, as defined in [5]. 
Note: clock quality metrics refers to the same information as above.
Attributes 1, 2, 3 are enumerated and not expected to change often, e.g., changes due to the primary source failure/recovery. Attribute 4 can vary over time and is expected to be monitored as part of the operation of the synchronization plane within the gNB. Attribute 5 is static and hardware specific, so it is expected to be known based on the hardware specification sheet. Attribute 6 can vary over time and it is expected to be monitored as part of the operation of the synchronization plane within the gNB (e.g. indicated within the PTP announce messages notifying the current status of the PTP grandmaster the gNB may be connected to).
From RAN3 perspective, considering the ITU-T Telecom profiles for time/phase (i.e., full timing support (G.8275.1 [6]), partial timing support (G.8275.2 [7])), the cell phase synchronization accuracy measured at BS antenna connectors shall be better than 3us. Normally, this requirement is implemented as a time requirement to a central clock, then, the synchronization plane architecture requires +/- 1.5us traceable time between Primary Reference Time Clock (PRTC) and gNB clock. Whether the listed parameters are available in gNB-DU or gNB-CU, the gNB-CU does not have a critical synchronization requirement, it is the gNB-DU and gNB-RU the ones that will have a hard requirement. To monitor and ensure the normal operation of the 5G network, monitoring mechanisms should be already in place (e.g., reading Announce messages from the PTP master, s-plane management in O-RAN, etc).
Observation 3:	The clock attributes are available at the gNB-DU, which already monitors clock quality to comply with existing gNB synchronization requirements. 
If the clock quality detail level is set to "acceptable/not acceptable indication", then the evaluation of whether the clock quality is acceptable or not could conceivably be performed by either the gNB-DU (if the clock quality acceptance criteria is transferred from CU to DU) or by the gNB-CU (if the clock quality metrics are passed from the DU to the CU).
However, if the clock quality detail level is set to “clock quality metrics”, then the RAN provides clock quality metrics to the UE that reflect its current timing synchronization status using unicast RRC. Therefore, in this case the gNB-CU is required to know the RAN’s timing synchronization status since it hosts the RRC. 
Observation 4:	To support providing RAN’s latest clock quality information to UE in RRC_CONNECTED state, F1AP enhancements to enable signalling of the clock quality metrics from gNB-DU to gNB-CU are needed and can be supported in Rel-18. 
3	Conclusions
In this paper, we have analyzed the questions asked by SA2 in [1], leading to the following observations:
Observation 1:	From RAN3 perspective, “group of cells within a single gNB” is beneficial for typical deployment scenarios and can be supported in Rel-18.
Observation 2:	From RAN3 perspective, “group of cells across gNBs” is beneficial in certain cases. However, it requires potentially complex coordination among gNBs to allocate common Event ID values and does not seem essential for Rel-18 given the likely specification effort.
Observation 3:	The clock attributes are available at the gNB-DU, which already monitors clock quality to comply with existing gNB synchronization requirements. 
Observation 4:	To support providing RAN’s latest clock quality information to UE in RRC_CONNECTED state, F1AP enhancements to enable signalling of the clock quality metrics from gNB-DU to gNB-CU are needed and can be supported in Rel-18. 
Proposal:	Agree to the Reply LS in [3] reflecting the above observations. 
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