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1	Introduction
At RAN3#112e, propagation delay compensation enhancements were discussed, and the following agreement captured in the Chairman’s Minutes:
Further discuss assistance information that may be useful for the target gNB to maintain timing accuracy required by the UE following handover, focusing on RAN3 aspects if any issue identified.
In this paper, we analyze the impact of handover on time synchronization and propose assistance information that may be useful for the target gNB to maintain timing accuracy required by the UE following handover.
2	Discussion
2.1	Background
[bookmark: _Hlk527071819]It is currently under discussion in SA2 that when time synchronization service is configured, the AF can influence the time synchronization accuracy budget computation within the 5G system. The AF could provide a time synchronization accuracy requirement to the Time Sensitive Communication and Time Synchronization Function (TSCTSF) and this can be eventually provided to NG-RAN to assist the configuration of the ReferenceTimeInfo IE. When determining the time synchronization accuracy budget within the 5G System, different components may be considered:
-	Device synchronization budget
-	Uu synchronization budget
-	gNB synchronization budget. That is, an upper bound for the time synchronization inaccuracy introduced by the clock topology between the 5G clock and NG-RAN
-	CN synchronization budget. That is, an upper bound for the time synchronization inaccuracy introduced by the clock topology between the 5G clock and UPF/NW-TT
Depending on the time synchronization scenario that applies (e.g. if (g)PTP-based time synchronization, or if ingress/egress PTP ports are only UEs, etc), the components to consider when deriving the time synchronization accuracy budget can be different (e.g. the CN component may be included or not, an additional device component may be added, etc). As being discussed in SA2, the TSCTSF will adjust the time synchronization accuracy budget requirement received from the AF considering the time distribution chain and will provide the adjusted budget to the gNB per UE (e.g. the TSCTSF will remove any CN synchronization budget, if present, or any dependency between two UEs). The gNB can then use this adjusted time synchronization accuracy budget per UE to derive the portion for the Uu interface considering the following three components (see Figure 1):
1.	Device synchronization budget. Fixed value that can be assumed by the gNB, it can be based on an assumed range (±50ns to ±100ns, as previously done in RAN2 evaluations for synchronization error budget for PDC discussion), or on a known expected UE holdover implementation performance. 
2.	Uu synchronization budget. Dynamic value to be derived by the gNB.
3.	gNB synchronization budget. Fixed value the gNB knows as it is the gNB synchronization implementation error margin that depends on where the NG-RAN node synchronization source is located:
-	Local on-site GNSS receiver may have a 100ns absolute time error or 200ns relative time error between nodes.
-	Local on-site clock may neglect time error.
-	Remote clock using cascaded PTP capable transport network connections may have N*40ns time error, where N is the number of PTP hops.
Depending on the topology of the deployed network, the time synchronization accuracy budget available for Uu interface of one gNB may be different from that of other gNBs. Furthermore, the time synchronization accuracy budget is UE specific because different UE may have different time synchronization requirement depending on the application(s) that they support. The gNB can, based on the derived Uu synchronization budget, configure different parameters e.g. referenceTimeInfo (RTI) periodicity, Timing Advance (TA) periodicity, etc. 

[image: ]
Figure 1: High level example of time synchronization accuracy budget for the 5G clock distribution
Note in Figure 1, for simplicity we only illustrate the components of time inaccuracy for 5G clock distribution without UPF/NW-TT involvement. 
Observation 1:	The time synchronization accuracy budget is UE-specific (depending on application).
Observation 2:	The gNB synchronization budget is a fixed value that is gNB-specific (depending on clock topology).
2.2	Handover scenario
As discussed at RAN3#112e, following inter-gNB handover the target gNB needs to provide the timing information with the accuracy required by the UE. This requires the target gNB to appropriately configure time synchronization parameters, and potentially also handover parameters that can reduce the handover interruption time.
During the handover, the holdover capability of the UE’s clock is exploited to maintain the required timing accuracy. The handover configuration parameters and the time synchronization configuration parameters (at the target gNB) depend on the following factors:
1.	Time synchronization accuracy budget at the source gNB (i.e. Uu synchronization budget plus source gNB synchronization budget)
2.	The time at which the latest timing information is updated at the UE by the source gNB (i.e. the information provided in the last RTI).
3.	Holdover capability of the UE.
4.	Time synchronization accuracy budget at the target gNB (i.e. Uu synchronization budget plus target gNB synchronization budget).
The holdover capability of the UE depends on the implementation and other factors like environmental change. As an example, the gNB could assume that the UEs have a local clock with 0.1 PPM clock accuracy (assuming UE clock is locked to gNB DL frequency with at least +/- 0.1ppm precision as defined in RAN4 TS 38.101). Therefore, the frequency accuracy of 0.1 PPM is translated to timing accuracy. This corresponds to a deviation of 0.1 ns per ms, which defines the holdover capability of the UE. 
Observation 3:	The gNB can derive the holdover capability of the UE based on the assumption that the UE clock has an accuracy of 0.1 PPM as defined in RAN4 for frequency accuracy (TS 38.101) or other pre-configured clock stability values.
As described in the background, a time synchronization accuracy budget is provided by the CN and can be passed from the source gNB to the target gNB. In addition, the source gNB could provide the timestamp associated with the latest RTI sent to the UE, and the UE’s timing accuracy to the target gNB. Based on this information, the target gNB can derive the available/remaining time to provide the UE with the timing information necessary to achieve the required accuracy and then
1.	Send the timing information at a proper moment to meet the accuracy requirement; and
2.	Decide on the handover configuration parameters e.g. which type of handover and/or RACH procedures to enable/use, in order to appropriately reduce the handover interruption time depending on the current timing accuracy at the UE and its holdover capability
The following example illustrates the use of an estimated timing accuracy at the UE by the source gNB: Say the UE requires a synchronization accuracy of TSaccuracy = 300 ns. The source has an Uu error budget, TUU=100 ns. Assume, the RTI transmission to the UE results in the clock accuracy at the UE to be TSUE = 290 ns. The UE with 0.1 PPM local clock would need an update of the RTI information with a period PRTI = 100 ms during which the UE clock would have deviated by 10 ns. This can be expressed as below:

In general, during handover we want to have the interruption time THO_inter to be less than P i.e,

However, the HO shall be initiated  duration after the transmission of RTI information. So after the UE connects to the target gNB, the target gNB has  duration within which it has to provide the UE with the timing information necessary to achieve the required accuracy. This is given by the following equation:

The above equation can be re-written as

Therefore, the source gNB shall convey to the target gNB either;
a.	the synchronization accuracy (TSUE) of the UE along with the associated timestamp of the latest RTI; or
b.	the RTI periodicity () along with the associated timestamp of the latest RTI.
In both cases, the target gNB shall be able to derive the current accuracy of the UE clock (, from which it can identify the duration ( it has after the HO to deliver the required timing information to the UE. The source gNB (or the CN) will provide the target gNB with a time synchronization accuracy budget (). Note in case b), it is assumed both gNBs are configured with the same device holdover capability assumption (in this example, 0.1 PPM). In the worst-case scenario, if the source gNB does not provide assistance information to the target gNB, the target gNB needs to send the timing information to the UE as early as possible.
Proposal:	During handover, the source gNB provides the target gNB with the following assistance information:
1)	the time synchronization accuracy budget;
2)	the estimated time synchronization accuracy of the UE or the referenceTimeInfo periodicity; and
3)	the timestamp associated with the latest RTI sent to the UE.
3	Conclusions
In this paper, we analyzed the impact of handover on time synchronization and propose the following:
Proposal:	During handover, the source gNB provides the target gNB with the following assistance information:
1)	the time synchronization accuracy budget;
2)	the estimated time synchronization accuracy of the UE or the referenceTimeInfo periodicity; and
3)	the timestamp associated with the latest RTI sent to the UE.
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