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Introduction
In the last e-meeting, following agreement was made [1]:
	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. 
· 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



In this contribution, we discuss and provide our views on propagation delay compensation enhancements and necessity of RAN1 involvement. 

Discussion
1.1. Uu interface budget among 5GS synchronicity budget requirement
From previous RAN2 email discussion, synchronicity budget per Uu interface has been agreed as following [2]:

	Scenario
	Single Uu interface Budget

	Control-to-Control
	±145ns to ±275ns

	Smart Grid
	±795ns to ±845ns



According to description in [2], these values are determined with assumptions such that network-side synchronization for Control-to-control and Smart Grid is based on gPTP and GNSS, respectively. The error caused by the limited granularity of referenceTimeInfo-r16 IE (±5ns) is already included in the other part budget, so that error doesn’t need to be considered. 
According to the maximum timing synchronization error results with UE propagation delay compensation summarized in the NR Industrial Internet of Things (IoT) study item, it could meet Uu interface synchronization error budget for Smart Grid scenarios. 
Table 1: Summary of maximum timing synchronization error results 
with UE propagation delay compensation from IIoT SI [3].
	
	15kHz SCS
	30kHz SCS
	60kHz SCS

	Source
R1-1900156 [21]
	488ns
	357.5ns
	276.5ns

	Source
R1-1901334 [22]
	505ns
	371ns
	287.5ns

	Source
R1-1900935 [23]
	472.5ns
	338.5ns
	

	Source
R1-1901252 [24]
	536ns
	438ns
	357ns



Observation #1: It is not necessary to enhance propagation delay compensation for Smart Grid scenario in the RAN1 perspective. 
Proposal #1: Take below table as a baseline for synchronicity budget per Uu interface in the control-to-control scenario. 

	Scenario
	Single Uu interface Budget

	Control-to-Control
	±145ns to ±275ns



1.2. Simple analysis of PD compensation
For PD compensation, TA mechanism and RTT based mechanism have been discussed. Figure 1 and 2 show brief synchronization procedure of each mechanism. 
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	Figure 1. Synchronization procedure of TA mechanism.
	Figure 2. Synchronization procedure of RTT mechanism



For TA mechanism, the total synchronicity error would be following

· BS transmit timing error (: 65 ns
· BS detecting error () : 100 ns
· TA indicating error (): 8*64*Tc/2 , 130ns or 260ns depending on SCS.
· Downlink frame timing error (): Work as reference point of Te. Assume 100 ns
· UE Initial transmit timing error (Te) : from 260 ns to 325 ns ((from 8 to 10)*64*Tc )

Based on the above analysis, total error budget would be up to 360 ns. Considering 275ns error budget of CtC scenario, it would be necessary to enhance TA mechanism for CtC scenario. 

For RTT-based mechanism, the total synchronicity error would be simple as following

Comparing to TA mechanism,  is newly added. When UE reports its time stamp to gNB, the accuracy of value is limited to the reporting granularity. Thus,  refers the reporting granularity of time stamp. In the above analysis, with brief assumption where  is as a half of Te and  is same as TA indication, total error budget of RTT-based mechanism could be under the 275ns. 

Observation #2: Up to value of  and , RTT-based mechanism could meet error budget under 275ns.
Proposal #2: It is necessary to study RTT-based mechanism and values of error components. 

1.3. Possible options on RAN1 involvement
We see any kind of RAN1 involvement is necessary in order to support control-to-control scenario. In the last meeting, following two options (actually, four options) has been considered: 
· 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). 
Considering synchronization error budget of TA mechanism, Option 1b should be considered as baseline since error portion of initial timing error Te is quite dominant among error components. If it is still not feasible to meet synchronization error budget after minimization of Te, enhanced PD compensation need to be designed. 
[bookmark: _GoBack]With the legacy TA granularity which contributes 65ns to sync inaccuracy, UE needs finer TA values to compensate PD precisely and make error budget smaller. Thus, Option 1c also can be considered for a new dedicated signaling with finer delay compensation granularity. 
In addition, if PD can be estimated more precisely by Option 2, the Option 2 can be considered to provide more accurate PD update information along with finer PD granularity. For Option 2, we can bring the design studied in positioning WI.
Proposal #3: Take Option 1b as a baseline for PD compensation enhancement. Consider Option 1c or Option 2 for enhanced PD compensation under Option 1b if necessary. 

Conclusions
In this contribution, propagation delay compensation enhancements and necessity of RAN1 involvement were discussed, and the followings are proposed.
Observation #1: It is not necessary to enhance propagation delay compensation for Smart Grid scenario in the RAN1 perspective. 
Proposal #1: Take below table as a baseline for synchronicity budget per Uu interface in the control-to-control scenario. 
Observation #2: Up to value of  and , RTT-based mechanism could meet error budget under 275ns.
Proposal #2: It is necessary to study RTT-based mechanism and values of error components. 
Proposal #3: Take Option 1b as a baseline for PD compensation enhancement. Consider Option 1c or Option 2 for enhanced PD compensation under Option 1b if necessary. 
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