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1 Introduction
In the last RAN1 #102e meeting, a LS regarding propagation delay compensation enhancements [1] has been sent to RAN2. Specifically, the LS shows that the representative use cases, Uu interface budget, numerology, and methods of propagation delay compensation have been either determined or studied by RAN1.
In this contribution, we would like to present our views on this topic.
2 Discussion
2.1 Uu timing synchronicity budget requirements
According to [1], there are two use cases in TS 22.104 to be considered as the representative ones for further study on propagation delay compensation enhancements in R17, as indicated as follows:
	User-specific clock synchronicity accuracy level 
	Number of devices in one Communication group for clock synchronisation
	5GS synchronicity budget requirement (note)
	Service area 
	Scenario

	2
	Up to 300 UEs
	≤900 ns          
	≤ 1000 m x 100 m
	· Control-to-control communication for industrial controller

	4
	Up to 100 UEs
	<1 µs
	< 20 km2
	· Smart Grid: synchronicity between PMUs


In addition, for the use case 1 and 2, it has been agreed that one Uu interface and two Uu interfaces should be assumed, respectively. Considering that majority of companies agreed in RAN2 email discussion [2] that 5GS E2E synchronization error budget could be split into three parts, namely Device, Uu interface and Networks, for these two cases, the Uu error budget could be derived as follows:
Uu budget_scenario1 = (900- 2*device- 2*Network_scenario1-granularity*2)/2
Uu budget_scenario2 = 1000-device-Network_scenario2-granularity
In the email discussion, majority of companies agreed that the timing error budget of device ranges from 50 to 100 ns. For control-to-control, the network budget varies in terms of deployment choice. When the UE connected with GM and the UE in the need of timing synchronization service are under the coverage of different gNBs, in total 8 PTP hops should be accounted for. When the two UEs are under the coverage of two gNB-DUs connected with the same gNB-CU and if each gNB-DU accounts for one PTP hops, then in total 2 PTP hops should be accounted for. When the two UEs are under the coverage of two gNB-DUs connected with different gNB-CUs, then in total 10 PTP hops should be accounted for. While the first two deploy options are feasible in practice, we think that the third deployment option is not and should be excluded from further analysis.
Observation 1: For control-to-control scenario, two deployment options, the UEs in the coverage of different gNBs and in the coverage of two gNB-DUs connected with the same gNB-CU, are feasible, which result in 4 PTP hops (160 ns) and 2 PTP hops (80 ns) network timing synchronization budget, respectively, according to RAN3 analysis in R16.
For the Smart Grid scenario, since the GNSS receivers are deployed on UPF and gNB, respectively, according to RAN3 analysis in R16, the network timing synchronization budget should be 200ns.  
Observation 2: For Smart Grid scenario, the network timing synchronization budget is 200 ns, according to RAN3 analysis in R16.
In the RAN2 email discussion, majority of companies agreed that the timing error budget of device ranges from 50 to 100 ns. Given 5ns granularity uncertainty with the RRC message ReferencetimeInfo, we could derive out the Uu timing error budget for control-to-control scenario and smart grid scenario, respectively, as:
· Control-to-Control: 

· UEs under different gNBs: [185, 245] ns

· UEs under different gNB-DUs: [305, 355] ns
· Smart grid: [695, 745] ns
Observation 3: considering timing error budget of device ranging from 50 to 100 ns, 5ns granularity uncertainty with the RRC message ReferecetimeInfo, the Uu timing error budget for control-to-control scenario and Smart Grid are derived respectively, as follows:

·  Control-to-Control: 

· UEs under different gNBs: [185, 245] ns

· UEs under different gNB-DUs: [305, 355] ns

· Smart Grid: [695, 745] ns
2.2 propagation delay compensation enhancement and RAN2 impact
According to TR 38.825, RAN1 analysed and found that timing synchronization error between a gNB and a UE no worse than 540 ns is achieved based on the RAN1 agreed evaluation assumptions for Rel-15 NR with 15kHz SCS. Obviously, for the smart grid scenario, since the Uu timing error budget is higher than 540 ns, it does not need to apply propagation delay compensation at all. However, for the control-to-control case, regardless if CU-DU split architecture or disaggregated gNB deployment choice is applied, without the PDC, the timing synchronization requirements cannot be met.
Observation 4: regardless if CU-DU split architecture or disaggregated gNB deployment choice is applied, without the PDC, the timing synchronization requirements cannot be met, according to TR 38.825.

Based on such observation, propagation delay compensation might become mandatory for the control-to-control scenario. In our opinion, the approach with the highest priority is implementation of PDC at gNB side (calibration of ReferencetimeInfo IE using propagation delay knowledge before transmission of it towards UE), TA quantization problem could be avoided completely. The only concern is that gNB might need to pre-compensate propagation delay for numerous UEs simultaneously, which might bring additional burden to gNB. In addition, RAN1 suggests that four options for propagation delay compensation have been further studied, as indicated as follows:


Fr
It seems It could be found that in RAN1, consensus has been achieved that TA granularity should be enhanced, which has RAN2 signalling impact (TA MAC CE redefining or introduction of new dedicated signalling). Further discussion results should be waited. For Rx-Tx based solution, in our opinion, the further RAN2 impact are indicated as follows:
· PDC at gNB(assuming the PDC is also calculated at gNB): 

· UL/DL RS configuration and relationship configuration.

· The calculation of RX-TX time difference at gNB.

· The mechanism on UE report of UE RX-TX time difference.
· Up to gNB implementation to pre-compensate for the PD, i.e., tune the ReferecetimeInfo IE transmitted to UE.
· PDC at UE (assuming the PDC is also calculated at UE):
· UL/DL RS configuration and relationship configuration.
· The mechanism on gNB report of UE RX-TX time difference.
· The calculation of RX-TX time difference at UE.
Obviously, compared with TA-based PDC approach, Rx-Tx based solution requires more RAN2 spec effort. Still, we are open to make discussion on such approach. The one thing similar with TA-based approach is that the PDC could be either implemented at UE and gNB.

Proposal 1: RAN2 to study how to make enhancements on propagation delay compensation to fulfil the requirement of UL transmission synchronization for control-to-control scenario from three perspectives: 
· PDC pre-implemented at gNB

· redefine the TA command with a higher granularity.
· investigate the Rx-Tx time difference method introduced in R16.  
Furthermore, If PDC pre-implementation at gNB could be agreed, to avoid excessive compensation of propagation delay at both UE and gNB, we suggest that gNB should send an indication to UE to inform whether or not the PDC has been done in gNB already.

Proposal 2: RAN2 to agree that an indication informing of whether or not the PDC has been done in gNB already should be sent to UE to avoid compensating propagation delay once more at UE side.
2.3 Mobility issue on TSN timing synchronization
In the last RAN2 post-meeting discussion, mobility issue was not touched. As a result, we would like to address our view on this topic here. In practical deployment, the serving UE (transmission of the sync message) and the connected one or more TSN GM might move out of the coverage of current gNB. If the measurement configuration does not exclude the MO on which the cell does not support the 5G internal high-precision synchronization services or let’s say, the serving UE performs HO to a cell which does not support such service, the TSN synchronization service will be impacted. As a result, we propose RAN2 to study a feasible mechanism to avoid configuration of MO on which the cell does not support the 5G internal high-precision synchronization services to UE.
In addition, when UE is in mobility from source gNB and a target gNB, suppose that UPF and UE has been out of 5G internal synchronization, and 5G internal synchronization between target gNB and UE has not yet been established either, if a gPTP message is required to be transmitted via 5G system to establish timing synchronization between TSN network and TSN end, timing stamping of gPTP message at UPF and UE will be erroneous, which will result in the out-of-sync between TSN network and the TSN end. However, considering that it is highly likely that the UE or the TSN end is equipped with a high-precision clock, the phenomenon that gPTP message is required to be transmitted during handover or just after handover while UPF and UE has been out of 5G internal synchronization is not likely to emerge. Otherwise, one possible solution is that target gNB transmits its timing related information towards UE in the HO command and therefore UE could tune its 5G internal clock immediately after completion of HO procedure. RAN2 is proposed to study the possibility of occurrence of the phenomenon that gPTP message being required to be transmitted during handover or just after handover with UPF and UE been out of 5G internal synchronization. If the answer is yes, RAN2 is proposed to study a corresponding solution, e.g., transmission of target gNB clock related information in the HO command. 
Proposal 3: RAN2 to study a feasible mechanism to avoid configuration of MO on which the cell does not support the 5G internal high-precision synchronization services in the measurement configuration towards UE.
Proposal 4: RAN2 to study the possibility of occurrence of the phenomenon that gPTP message being required to be transmitted during handover or just after handover while UPF and UE has been out of 5G internal synchronization. If the answer is yes, RAN2 is proposed to study the possible solution, e.g., transmission of target gNB clock related information in the HO command.

3 Conclusions

In this paper, the following observations and proposal are given:
Observation 1: For control-to-control scenario, two deployment options, the UEs in the coverage of different gNBs and in the coverage of two gNB-DUs connected with the same gNB-CU, are feasible, which results in 4 PTP hops (160 ns) and 2 PTP hops (80 ns) network timing synchronization budget, according to RAN3 analysis in R16.
Observation 2: For smart grid scenario, the network timing synchronization budget is 200 ns, according to RAN3 analysis in R16.
Observation 3: considering timing error budget of device ranging from 50 to 100 ns, 5ns granularity uncertainty with the RRC message ReferecetimeInfo, the Uu timing error budget for control-to-control scenario and smart grid are derived respectively, as follows:

·  Control-to-Control: 

· UEs under different gNBs: [185, 245] ns

· UEs under different gNB-DUs: [305, 355] ns

· Smart grid: [695, 745] ns
Observation 4: regardless if CU-DU split architecture or disaggregated gNB deployment choice is applied, without the PDC, the timing synchronization requirements cannot be met, according to TR 38.825.

Observation 5: it is not obvious whether or not mobility issue of UE should be taken into account for UL time synchronization scenario. Besides that, it seems no RAN2 impact is foreseen by the UL synchronization mechanism.

Proposal 1: kindly propose RAN2 to study how to make enhancements on propagation delay compensation to fulfil the requirement of UL transmission synchronization for control-to-control scenario from three perspectives: 
· PDC pre-implemented at gNB

· redefine the TA command with a higher granularity.
· investigate the Rx-Tx time difference method introduced in R16.  
Proposal 2: RAN2 to agree that an indication informing of whether or not the PDC has been done in gNB already should be sent to UE to avoid compensating propagation delay once more at UE side.
Proposal 3: RAN2 to study a feasible mechanism to avoid configuration of MO on which the cell does not support the 5G internal high-precision synchronization services in the measurement configuration towards UE.
Proposal 4: RAN2 to study the possibility of occurrence of the phenomenon that gPTP message being required to be transmitted during handover or just after handover while UPF and UE has been out of 5G internal synchronization. If the answer is yes, RAN2 is proposed to study the possible solution, e.g., transmission of target gNB clock related information in the HO command.
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Option 1: TA-based propagation delay:


Option 1a: Propagation delay estimation based on legacy Timing advance (potentially with enhanced TA indication granularity).


Option 1b: Propagation delay estimation based on timing advanced enhanced for time synchronization (as 1a but with updated RAN4 requirements to TA adjustment error and Te)


Option 1c: Propagation delay estimation based on a new dedicated signalling with finer delay compensation granularity (Separated signalling from TA so that TA procedure is not affected)


Option 2: RTT based delay compensation:


Propagation delay estimation based on an RAN managed Rx-Tx procedure intended for time synchronization (FFS to expand or separate procedure/signaling to positioning). 











