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Introduction
In Rel-16, RAN 1 had some study on time synchronization for TSN, considering the potential impact on propagation delay. However, in Rel-16 IIoT work item, there is no compensation on propagation delay on time synchronization for TSN. In WID of Rel-17 IIoT and URLLC [1], enhancements for support of time synchronization were approved with propagation delay compensation enhancements, which requires some work in RAN1.
	4. Enhancements for support of time synchronization:
a. RAN impacts of SA2 work on uplink time synchronization for TSN, if any. [RAN2]
b. Propagation delay compensation enhancements (including mobility issues, if any). [RAN2, RAN1, RAN3, RAN4]



[bookmark: _Ref465413974]This contribution discusses propagation delay compensation from RAN 1 perspective.  
Discussion
In Rel-16 IIoT study item, RAN 1 did some evaluation on the accuracy of time synchronization for TSN with and without propagation delay.  Some observations were made and captured in TR 38.825 [2] (details can be found in Appendix). For larger service area, e,g, 20 km2, the distance from gNB to UE is about 80m, which brings 267ns propagation delay. In order to achieve the requirement, propagation compensation is needed.  
Observation #1: For large service area, propagation compensation is needed. 
Based on the study in Rel-16, the estimation errors are related to subcarrier spacing and mainly consist of the following parts: 
· gNB transmit error (Tgte): Based on the definition in TS 38.104, the typical value of BS timing error caused by Tgte can be seen as within ± 65ns. 
· UE transmit timing error (Te): As defined in TS 38.133 Table 7.1.1-2, this error Te is about as ±12*64*Tc , ±8*64*Tc and ± 7*64*Tc for 15KHz, 30KHz and 60KHz respectively. This includes the error on DL timing estimation. 
· [bookmark: _Hlk528413243]gNB estimation error (Tge): This error is introduced when gNB estimates UL channel/signals to obtain propagation delay. PRACH may not able to provide enough accuracy of time estimation. SRS/UL DMRS or PUSCH can be used. The estimation accuracy depends on occupied BW. The error about ~100ns can be assumed with 20MHz bandwidth.
· [bookmark: _Hlk528413276][bookmark: _GoBack]TA (Propagation delay) granularity (Tpd): If using current TA granularity, i.e., , and the error is  .
· Timing Advance adjustment accuracy (Tadj): Based on the requirement in TS 38.133, the accuracy of TA adjustment are ±256 Tc/ ±256 Tc/ ±128 Tc / ±32 Tc respectively for SCS 15/30/60/120 kHz. 

Since TA is two times of propagation delay, therefore, the error for propagation delay estimation is half of the sum of the above Te , Tge , Tpd  and Tpd . And when UE compensate the propagation delay, the total time synchronization need to add gNB transmit error (Tgte). Table 1 provide a summary of the above errors. In order to reduce the total error, one easy way is to introduce finer granularity to reduce the error caused by quantization, especial for smaller subcarrier space case, e.g., 15kHz and 30kHz. Other errors are either limited by hardware, or depend on UE or gNB detection performance. 
Observation #2: Some other UL channel/signals, e.g., SRS, DMRS, PUSCH occupied larger bandwidth can be used for gNB to estimate propagation delay to increase the accuracy. 
Observation #3: Finer granularity for propagation delay compensation can help to improve the performance and it is the easiest way to reduce estimation error. 
Proposal #1: Introduce a finer granularity for propagation delay compensation. 
Table 1
	
	15kHz
	30kHz
	60kHz
	120kHz

	gNB transmit error (Tgte)
	65ns
	65ns
	65ns
	65ns

	UE transmit timing error (Te)
	391ns
	260ns
	228ns
	114ns

	gNB estimation error (Tge)
	100ns
	100ns
	100ns
	100ns

	Propagation delay granularity (Tpd)
	260ns
	130ns
	65ns
	32.5ns

	Timing Advance adjustment accuracy (Tadj)
	130ns 
	130ns 
	65ns 
	16.25ns

	Total (Tgte+1/2*( Te + Tge +Tpd +Tpd)
	505.5 ns
	375ns
	294ns
	196.4ns



Conclusions
This contribution discusses propagation delay compensation from RAN 1 perspective.  The following observations are made:
Observation #1: For large service area, propagation compensation is needed. 
Observation #2: Some other UL channel/signals, e.g., SRS, DMRS, PUSCH occupied larger bandwidth can be used for gNB to estimate propagation delay to increase the accuracy. 
Observation #3: Finer granularity for propagation delay compensation can help to improve the performance and it is the easiest way to reduce estimation error. 
Based on the observations, the following proposals are made:
Proposal #1: Introduce a finer granularity for propagation delay compensation. 
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Appendix TR 38.825 Study on NR Industrial Internet of Things (IoT) 
[bookmark: _Toc6177039]6.3.2.4	Synchronization accuracy
Based on a request by SA2 in S2-189051 [19] and further clarification by RAN2 in R2-1816043 [28], RAN1 has performed analysis on the achievable time synchronization accuracy over Uu interface between a gNB and a single UE. The effects of the granularity and accuracy of the absolute timing indication information provided by the gNB are not considered. A range of service areas are considered.

The evaluation results on maximum timing synchronization error for different inter-site distances without UE propagation delay compensation are summarized in Table 6.3.2.4-1, while the results on maximum timing synchronization error with UE propagation delay compensation are shown in Table 6.3.2.4-2.
Table 6.3.2.4-1: Summary of maximum timing synchronization error results for 
different inter-site distances without UE propagation delay compensation.
	
	15kHz SCS
	30kHz SCS
	60kHz SCS
	120kHz SCS

	Source
R1-1900156 [21]
	[-278ns,376ns]
	[-147ns,245ns]
	
	[-82ns,180ns]

	Source
R1-1900903 [30]
	355ns (114m ISD)
	
	
	

	Source
R1-1900935 [23]
	215ns (20m ISD)
315ns (60m ISD)
	
	
	

	Source (1) 
R1-1901072 [27]
	133ns (10m ISD)
	
	
	

	Source
R1-1901252 [24]
	506ns (20m ISD)
	441ns (20m ISD)
	343ns (20m ISD)
	

	[bookmark: _Hlk2627648]Source
R1-1901353 [31]
	315ns (10m ISD)
350ns (20m ISD)
1080ns (250m ISD)
	
	
	

	Note (1):	Half of the reported values of R1-1901072 [27] are included in this table, to align the results with the other sources and to only account for gNB-to-UE and not UE-to-UE synchronization accuracy.



Table 6.3.2.4-2: Summary of maximum timing synchronization error results 
with UE propagation delay compensation.
	
	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



Based on the evaluation results, the following has been observed:
-	If a UE were not to apply propagation delay compensation, a gNB-to-UE timing synchronization accuracy of
-	130 to 376ns for an ISD of 10m (3 sources)
-	215 to 506ns for an ISD of 20m (3 sources)
-	315 ns for an ISD of 60m (1 source)
-	355ns for an ISD of 114m (1 source)
-	1080ns for an ISD of 250m (1 source)
Based on the RAN1 agreed evaluation assumptions can be achieved for Rel-15 NR with 15kHz SCS. The achievable accuracy without propagation delay compensation becomes worse as the ISD increases. 2 out of 6 sources note that a better synchronization accuracy can be achieved for higher SCS (i.e. the higher the SCS, the better the accuracy).
-	If a UE was to apply propagation delay compensation, a gNB-to-UE synchronization accuracy of 470ns to 540ns (from a total of 4 sources) for 15kHz SCS can be achieved independently of the ISD. The synchronization accuracy with propagation delay compensation improves for higher SCS (i.e. the higher the SCS, the better the accuracy).
-	For small service areas with dense small cell deployments a propagation delay compensation by the UE is not required. The propagation delay compensation needs to be applied by the TSN UEs for larger service areas with more sparse cell deployments (inter-site distances >200m to achieve a synchronization accuracy better than 1us).
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