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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In the RAN1#102-e and RAN1#103-e meetings, the agreements below were made for propagation delay compensation.
	Agreements:
· Take the following use cases as the representative use cases for further study on propagation delay compensation enhancements in Rel-17. 
	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



Agreement:
· 8*64*Tc/2 as the TA indicating error is assumed in the evaluation.

Agreements:
For 5GS synchronicity budget requirement, 
· One Uu interface is assumed for smart grid. 
· Two Uu interfaces are assumed for control-to-control.

Agreements:
For BS transmit timing error, further study the following three options: 
· Option 1: 65 ns 
· Option 2:±130ns for the indoor scenario and ±200ns for the smart grid scenario
· Option 3:82.5 ns

Agreement: The value defined in Table 7.1.2-1 for initial transmit timing error (Te) in TS 38.133 should be considered for evaluation of the time synchronization.

Agreement: Asymmetry between downlink and uplink channel for control-to-control scenario is not considered.

Agreement: 100 ns is assumed for BS detecting error.

Agreement: Timing advance adjustment accuracy defined in Table 7.3.2.2-1 in TS 38.133 is assumed for evaluation of the time synchronization.

Agreement: Both 15 kHz and 30 kHz are assumed for both control-to-control and smart grid for evaluation of the time synchronization.

Agreements:
Send an LS to RAN2 with the content including
· Inform RAN2 the two representative use cases concluded in RAN1 for further study;
· Ask RAN2 for input about Uu interface error budget for each of the two use cases;

Decision: As per email decision posted on August 28th,
Agreements:
The following options for propagation delay compensation are further studied in RAN1
· 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 signaling with finer delay compensation granularity (Separated signaling 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).


Agreements:
· Take 65 ns as the assumption of transmit timing error for evaluation of the overall time synchronization error for control-to-control. 
· Asymmetry between downlink and uplink channel for smart grid scenario is not considered. 
· TA adjustment accuracy is not considered for the evaluation of time synchronization error. 
· errorBS,DL,TX is included in the equation for calculating the overall time synchronization error. 

Agreements:
TA adjustment accuracy is not considered for the evaluation of time synchronization error. 

Agreements:
For evaluation of the overall time synchronization error for smart grid, companies can take one of the following two options as the assumption for BS transmit timing error:
· Option 1: 200 ns
· Option 2: 65 ns



This contribution firstly discusses the remaining issues for evaluation on the achievable time synchronization accuracy over the Uu interface in Rel-16, and then provides our views on the potential enhancements for propagation delay compensation.

Remaining issues on evaluation of achievable accuracy on Uu in Rel-16
In order to evaluate whether any enhancements are needed in Rel-17 to meet the requirement, we need to evaluate firstly the performance that can be achieved by Rel-16 mechanisms. Some agreements for that evaluation were achieved in the past two meetings. The remaining issues are mainly on the downlink frame timing error and the equation to calculate the overall time synchronization error over the Uu interface. 
Downlink frame timing error ()
In the RAN1#103-e meeting, the UE downlink frame timing error has been discussed but no conclusion could be reached. The controversial point is how to interpret the RAN4 specification, some think that the downlink frame timing error is already included in the initial UE transmit timing error (Te) based on the RAN4 specification and thus, no need to be considered separately for evaluation of the overall time synchronization error, while some others think that the downlink frame timing error is not included in the initial UE transmit timing error (Te) based on the RAN4 specification. Therefore, the following two options were under the discussion in RAN1#103-e:   
· Option 1: 100ns i.e. same as gNB UL detection error
· According to 38.133 spec text below, this error is not included in Te.
· Option 2: Downlink frame timing error is not needed to be considered separately

According to the description in the RAN4 specification as copied below, the reference point for Te is the downlink timing of the reference cell minus[image: ], where the downlink timing is defined as the time of first path detected by the UE. Therefore, in our understanding, if the UE has a downlink detection error, the time of the first path which is detected by the UE may also have errors, which means that the downlink frame timing error is not included in the initial UE transmit timing error (Te). Based on this analysis, it seems option 1 (i.e. 100 ns) makes sense.  
[bookmark: _Toc535475929]7.1.2	Requirements
The UE initial transmission timing error shall be less than or equal to Te where the timing error limit value Te is specified in Table 7.1.2-1. This requirement applies:
-	when it is the first transmission in a DRX cycle for PUCCH, PUSCH and SRS, or it is the PRACH transmission, or it is the msgA transmission..
The UE shall meet the Te requirement for an initial transmission provided that at least one SSB is available at the UE during the last 160 ms. The reference point for the UE initial transmit timing control requirement shall be the downlink timing of the reference cell minus [image: ]. The downlink timing is defined as the time when the first detected path (in time) of the corresponding downlink frame is received from the reference cell. NTA for PRACH is defined as 0.
[image: ] (in Tc units) for other channels is the difference between UE transmission timing and the downlink timing immediately after when the last timing advance in clause 7.3 was applied. NTA for other channels is not changed until next timing advance is received. The value of[image: ]depends on the duplex mode of the cell in which the uplink transmission takes place and the frequency range (FR). [image: ]is defined in Table 7.1.2-2.


Proposal 1: Take 100 ns as the assumption for the downlink frame timing detection error at the UE for evaluation of the overall time synchronization error.

Equation to calculate the overall time synchronization error over the Uu interface in Rel-16
Based on the agreements achieved in RAN1#102-e and RAN1#103-e, the potential error components that will have impact on the time synchronization accuracy over the Uu interface are given as below: 
· BS transmit timing error (: Details as shown in section 2.1 in [1]
· 65 ns for control-to-control
· 200ns or 65 ns for smart grid 

· Downlink frame timing error ()
· TBD

· UE Initial transmit timing error (Te) : Details as shown in section 3.2.2 in [2]
· The value defined in Table 7.1.2-1 for initial transmit timing error (Te) in TS 38.133

[image: ]


· BS detecting error () : Details as shown in section 3.2.3.2 in [2]
· 100 ns 

· Asymmetry between downlink and uplink channel (): Details as shown in section 2.2.1 in [1] and section 3.2.3.1 in [2]
· 0 ns (i.e. not considered)

· TA indicating error (): Details as shown in section 3.2.3.3 in [2]
· 8*64*Tc/2  

· TA adjustment accuracy () 
· It was agreed not to be considered for the overall synchronization error

In general, the time clock of the UE is equal to the received time clock of the gNB plus the downlink propagation delay as shown in figure 1 below, i.e.

[image: ]
[bookmark: _Ref518658730]Figure 1: Illustration of time synchronization mechanism
Considering potential error components, the overall time synchronization error over the Uu interface can be given as below: 







That is, the overall time synchronization error over Uu interface can be achieved by the equation below:

Proposal 2: The overall time synchronization error over Uu interface for TA-based synchronization compensation method is


Based on the above analysis, Table 1 provides the overall time synchronization error in Rel-16.
[bookmark: _Ref60755488]Table 1 Overall time synchronization error achieved in Rel-16
	Each component
	Control-to-Control
	Smart grid

	BS transmit timing error
()
	65ns
	65ns or 200ns

	BS detecting error
()
	100ns

	Downlink frame timing error
()
	100ns

	UE initial transmit error (Te)
	8*64*Tc(i.e. 260ns) or 10*64*Tc(i.e. 325ns) or 12*64*Tc(i.e. 390ns)

	Indication error
	It has already been included in the network part budget as shown in [3].

	TA indication error
()
	8*64*Tc/2 (260ns for 15kHz, 130ns for 30kHz)

	TA adjustment accuracy
()
	It was agreed not to consider this error.

	Asymmetry between downlink and uplink channel
()
	It was agreed not to consider this error.

	Overall synchronization error in Rel-16 (Single Uu interface)
	Best case
65+(100+100+260+130)/2=360 ns
Worst case
65+(100+100+390+260)/2=490 ns
	Best case
65+(100+100+260+130)/2=360 ns

Worst case
200+(100+100+390+260)/2=625 ns

	Single Uu interface Budget [3]
	±145ns to ±275ns
	±795ns to ±845ns



It can be seen that propagation delay compensation improvements for the control-to-control case are justified whereas for the Smart Grid scenario they are not needed.

Proposal 3: Propagation delay compensation enhancements for control-to-control is needed. 

Potential enhancements for propagation delay compensation
As shown in the introduction section, TA-based propagation delay (i.e. option 1) and RTT-based delay compensation (i.e. option 2) were agreed for further study. This section provides our views on the candidate solutions. 
Option 1: TA-based propagation delay 
Based on the agreements in RAN1#102-e, the following options were agreed for 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 signaling with finer delay compensation granularity (Separated signaling from TA so that TA procedure is not affected)

For option 1a, TA indication error  needs to be improved. However the total error in the best case would be 65+(100+100+260+0)/2=295ns assuming  which is still larger than the max value of single Uu interface budget. And it is impossible to have zero TA indication error in the real deployment.

For option 1b, TA indication error , TA adjustment accuracy  and Te should be improved compared to legacy UEs. Based on the equation of total error, it can be observed that whether the total error after improvement can satisfy the budget or not depends on how much value of these components can be reduced. However, updating Te and TA adjustment accuracy may also need to be discussed in RAN4 to check whether it has some additional impact.

Observation 1: Whether/what extent to improve RAN4 requirement to TA adjustment error and Te needs RAN4 inputs/feedback.

In option 1a and 1b, the TA indication error  is improved by e.g. smaller granularity of TA command than the legacy i.e. 16*64*Tc/2. Thus the UE needs to adjust the uplink transmission based on the new smaller granularity. But in option 1c, the smaller delay compensation granularity is signaled by a new dedicated signaling, so the TA command is not changed and the TA procedure is not affected. From the specification impact point of view, it seems option 1c is small compared to option 1a and 1b. 

Option 2: RTT based delay compensation
Based on the agreement in RAN1#102-e, for RTT based delay compensation, propagation delay estimation is based on the RAN managed Rx-Tx procedure shown in figure 2 below. The UL and DL propagation delay is t2-t1 and t4-t3 respectively. The RTT would be (t4-t1)+(t2-t3), i.e. UE Rx-Tx time difference +gNB Rx-Tx time difference. Thus the accuracy of RTT-based delay compensation is related to the error of t1/t2/t3/t4 if it exists. For example for BS transmit timing error ( as discussed in section 2, it is related to the accuracy of gNB transmit timing i.e. t3. RAN1 needs to consider whether this error component should be considered or not for RTT based delay compensation. Moreover, the BS detecting error (), Downlink frame timing error (), UE transmit timing error and report granularity should also be considered in RAN1.
Besides that, several aspects of option 2 still need further discussion to fully understand RTT-based delay compensation. Some examples as below:
· Whether to expand the procedure/signaling to positioning, or introduce a separate procedure?
· What equation to use for evaluating the overall time synchronization error?

[image: ]
Figure 2: Illustration of RTT based delay compensation

Proposal 4: Further study at least the following aspects for RTT-based delay compensation:
· Whether to expand the procedure/signaling to positioning, or introduce a separate procedure?
· What equation to use for evaluating the overall time synchronization error?

Conclusion
In this paper, we give our considerations for the enhancements in Rel-17.
Proposal 1: Take 100 ns as the assumption for the downlink frame timing detection error at the UE for evaluation of the overall time synchronization error.

Proposal 2: The overall time synchronization error over Uu interface for TA-based synchronization compensation method is


Proposal 3: Propagation delay compensation enhancements for control-to-control is needed. 

Observation 1: Whether/what extent to improve RAN4 requirement to TA adjustment error and Te needs RAN4 inputs/feedback.

Proposal 4: Further study at least the following aspects for RTT-based delay compensation:
· Whether to expand the procedure/signaling to positioning, or introduce a separate procedure?
· What equation to use for evaluating the overall time synchronization error?
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