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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832]The revised IIoT / URLLC work item description for Rel-17 [1] has enhancements for time synchronization as one of its main objectives:
	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]


This document summarizes the key issues discussed under agenda item 8.3.4 based on the views in [2][3][4][5][6][7][8][9][10][11][12][13][14][15], and aims to discuss a set of issues in RAN1#104-e.
Remaining issues on error components
There are several aspects which have impact on the timing accuracy between UE and gNB. In RAN1#102-e and RAN1#103-e, we discussed the potential error components that would have impact on the time accuracy one by one, and achieved agreements on most of the error components as shown in the Appendix. The following sections summarize the discussion for the remaining error components.
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.
Based on views from contributions submitted in this meeting, company position is summarized as below:
· Option 1: 100ns i.e. same as gNB UL detection error
· Support: Nokia, OPPO, Ericsson, vivo, Huawei/HiSilicon 
· Option 2: Downlink frame timing error is not needed to be considered separately
· Support: ETRI, CATT, Qualcomm

Feature lead: According to the RAN4 specification as copied below, it should be clear that Te and DL frame detection error should both be considered in the evaluation of time synchronization accuracy of PD estimation options based on TA. 
	[bookmark: _Toc535475937]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.
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.



[bookmark: OLE_LINK48][bookmark: OLE_LINK49][bookmark: OLE_LINK46]Proposal 2.1-1: Take 100 ns as the assumption for downlink frame timing detection error at the UE for evaluation of the overall time synchronization error at least for TA based propagation delay compensation.

Please comment if you have strong concern on the above proposal 2.1-1.  
	Company
	View

	
	



How to interpret the agreed value for BS transmit timing error 
In RAN1#103-e, we have agreed to use 65ns to represent the BS transmit timing error for the control-to-control scenario. 
Agreements:
· Take 65 ns as the assumption of transmit timing error for evaluation of the overall time synchronization error for control-to-control. 

Nokia (R1-2100730) propose to clarify if this should be interpreted as a maximum (<) or a relative (±) value. 
	Nokia R1-2100730

The agreed number of 65ns originates from the TAE requirement from TS 38.104, where the TAE represents the relative maximum timing error between any two antenna ports (i.e. <65ns). So, our interpretation of the agreed value is to use <65ns which translates to ±32.5ns per gNB antenna port.
Proposal 1: The agreed 65ns value used to represent the BS frame transmission error should be interpreted as ±32.5ns to represent a single gNB antenna port frame transmission error for the control-to-control scenario. 



Feature lead: It is true that the TAE represents the relative maximum timing error between any two antenna ports, however my original interpretation is that the maximum BS transmit timing error at a single antenna port can be 65 ns also depending on different implementations. But can hear more views from other companies. 

Question 2.2-1: Do you think that the agreed 65 ns value used to represent the BS transmit timing error should be interpreted as ±32.5 ns to represent a single gNB antenna port transmit timing error for the control-to-control scenario?
	Company
	View

	
	



BS transmit timing error for smart grid scenario 
In RAN1#103e, the following agreement was achieved:
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

Nokia proposes to use ±100ns (i.e. corresponding to option 1) to represent the BS frame transmission timing error for the smart grid scenario. 

Feature lead: Based on the discussion in RAN1#103-e, it seems difficult to achieve consensus on one of the options at this stage, therefore the intention for the agreement is to leave companies to pick one of them to evaluate the overall synchronization error, since in any case it seems the budget for smart grid would be sufficient. Therefore, I would suggest no more discussion on this in RAN1#104-e, and depending on the outcome for question 2.2-1 the values used here can be translated accordingly, e.g. if the answer to question 2.2-1 is yes, then ±100 ns can be used if option 1 is picked.    
	Company
	View

	
	



Evaluation on the achievable time synchronization accuracy over Uu interface in Rel-16 
In order to evaluate whether any enhancements needed in Rel-17 to meet the requirement, we need the check the performance that can be achieved by Rel-16 mechanisms first. 
Based on the agreements achieved in RAN1#102-e and RAN1#103-e and the views in the contributions, the potential error components that will have impact on the time synchronization accuracy over Uu interface are as below: 
· BS transmit timing error (:
· For control-to-control, it was agreed to use 65ns for the evaluation.
· For smart grid, it was agreed to use 65ns or 200ns for the evaluation.

· Downlink frame timing error (): Details as shown in section 2.1
· Value to be decided

· UE Initial transmit timing error (Te) :
· The value defined in Table 7.1.2-1 for initial transmit timing error (Te) in TS 38.133

[image: ]

· BS detecting error () : 
· 100 ns 

· Asymmetry between downlink and uplink channel (): 
· Not considered

· TA indicating error (): Details as shown in section 3.2.3.3 in R1-2007068 
· 8*64*Tc/2  

· TA adjustment accuracy (): 
· Not considered

· Indication error
· 5ns, it is already included in the network part budget [16]

[bookmark: OLE_LINK13][bookmark: OLE_LINK14]Equation to calculate the overall time synchronization error over Uu interface 
Once the factors that will have impact on the error of the time synchronization are set, we need some method to calculate the overall error of the time synchronization based on Rel-16 mechanism to see whether enhancement is needed or not, if needed then how to improve the accuracy of time synchronization. Note that the overall time synchronization error for the enhanced schemes (i.e. propagation delay compensation and RTT-based propagation delay compensation) can be further evaluated in section 4. 
Based on the contributions, the following 6 options are proposed:
Option 1: 

· Support: CATT, Qualcomm
Option 2: 

· Support: Intel, Huawei/HiSi, LG, Ericsson, vivo
Option 3:

· Support: MediaTek
Option 4:

· Support: OPPO, Nokia
Option 5: 

· Support: Samsung
Option 6:

· Support: ZTE

Feature lead: In RAN1#103-e meeting, the following agreements were achieved, therefore it seems option 3, option 4 and option 5are not aligned with the agreements. 
	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. 



As to option 6, it is expected that the time clock of the UE is equal to the received time clock of the gNB plus the downlink propagation delay as shown in the formula below, therefore it should be “errorBS,DL,TX” instead of “-errorBS,DL,TX” to be included in the equation. Therefore, it seems option 6 is not appropriate. 
 ,

Then between option 1 and option 2, the difference is whether to consider downlink frame timing error as discussed in section 2.1, since in section 2.1 we propose to include downlink frame timing error, here the starting point is to propose option 2 for further discussion. 

Proposal 3.1-1: Take the follow equation for evaluation of the overall time synchronization error for TA based propagation delay compensation:


	Company
	View

	
	

	
	


Overall time synchronization error over Uu interface
Once we achieve consensus on the equation to be used for calculating the overall time synchronization, we can get the overall time synchronization error achievable based on Rel-16 scheme based on the following assumption we agreed in RAN1#102-e.
· One Uu interface is assumed for smart grid.
· Two Uu interfaces are assumed for control-to-control.
In addition, according to the LS [16] from RAN2, the single Uu interface budget for control-to-control scenario and smart grid scenario are as shown below: 

	Scenario
	Single Uu interface Budget

	Control-to-Control
	±145ns to ±275ns

	Smart Grid
	±795ns to ±845ns



Although the discussion on the equation to calculate the total error is still ongoing in section 3.1, some companies also provide some evaluation in the contribution based on their equation, which is summarized as shown in the following table. 

Table 1 Summary of overall synchronization error over Uu interface
	Source 
	Control-to-control
	Smart grid

	
	15kHz
	30kHz
	15kHz
	30kHz

	Nokia
	458ns
	328ns
	525ns
	395ns

	ZTE
	340.5ns
	210ns
	475.5ns
	345ns

	Vivo
	490
	360
	490
	360

	Intel
	491
	360
	491
	360

	Ericsson 
	490
	
	490
	

	Huawei, HiSilicon
	490
	360
	625
	360

	Qualcomm
	546
	
	546
	

	Samsung 
	408
	277.5
	408
	277.5

	MediaTek
	440.5
	
	575.5
	

	CATT
	440
	310
	440
	310

	OPPO
	458
	360
	458
	360



Based on the above table, the following observations can be seen:  
Observation 1: Rel-16 TA-based propagation delay compensation is sufficiently to be used as propagation delay estimation for the smart grid scenario with no enhancements needed.
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Observation 2: Enhancement for propagation delay compensation is needed for control-to-control scenario. 

	Company
	View

	
	

	
	



Potential enhancements for propagation delay compensation
In RAN1#102-e meeting, the following option 1 and option 2 are agreed for further study 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). 

TA-based propagation delay compensation
This section will discuss details of TA-based propagation delay. 
· Option 1a: Propagation delay estimation based on legacy Timing advance (potentially with enhanced TA indication granularity).

For option 1a, TA indication error  needs to be improved.  Nokia (R1-2100730) proposes to take the Timing Delta MAC CE introduced in Release 16 for IAB as the baseline for TA-based propagation delay compensation enhancements. 
	Nokia R1-2100730
It has been discussed how to enhance the time synchronization accuracy error caused by the NTA granularity (e.g. carried in the timing advance command). This is also partly the motivation behind PD estimation Option 1a, where a new MAC CE, could optionally be introduced to be used to supplement the current timing advance command. 
Alternatively, to introducing a new MAC CE, existing work in Release-16 may be used instead. In the context of IAB, a Timing Delta MAC CE has been introduced [TS 38.213 Section 14, TS 38.321 which serves the purpose of enhancing DL PD estimation accuracy and hence also the NTA signaling granularity. The description of the Timing Delta MAC CE is copied in below from TS 38.213 Section 14:
	If an IAB-node is provided an index  in a Timing Delta MAC CE [11, TS 38.321] from a serving cell, the IAB-node may assume that  is a time difference between a DU transmission of a signal from the serving cell and a reception of the signal by the IAB-MT when , where  is obtained as for a "UE" in Clause 4.2 for the TAG containing the serving cell and  and  are determined as
-	 and , if the serving cell providing the Timing Delta MAC CE operates in FR1, 
-	 and , if the serving cell providing the Timing Delta MAC CE operates in FR2
The IAB-node may use the time difference to determine a DU transmission time.


Utilizing this Timing Delta MAC CE will supplement NTA e.g. provided in the Timing Advance MAC CE, hence the UE. Based on our understanding this should be understood as the downlink air interface propagation delay even with the split between a DU and RU in IAB terminology. The signaling granularity of  is given by , where  for FR1 operation. This corresponds to 32ns and is 16 times smaller than NTA for 15kHz SCS, and 8 times smaller than NTA for 30kHz SCS. The drawback is that when NTA needs to be updated, Timing Delta MAC CE update might also be needed.
Observation 2: For Option 1 schemes, using the Timing Delta MAC CE introduced in Release 16 for IAB may reduce the error from NTA granularity by 16 and 8 times.
Proposal 7: RAN1 should use Release-16 as baseline for PD estimation accuracy enhancement evaluations, which includes the Timing Delta MAC CE introduced in Release 16 for IAB.


  
Feature lead: It seems make sense to take the R16 mechanism as the starting point. However, since not much details in the contributions on how to enhance the TA granularity, more views are needed from companies before making any way forward.   
Question 4.1-1: How to enhance the TA indication granularity in option 1a? Please also indicate the enhanced TA indication granularity that your solution can achieve. 
	Company
	View

	
	

	
	



However, it can be expected that the gain that can be achieved by option 1a would be limited. If we only reply on option 1a, it is impossible to meet the synchronization budget. However, it might be possible to combine with other method, e.g. option 1b. 

·  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)

For option 1b, TA indication error , TA adjustment accuracy  and Te should be improved compared to legacy UEs. In RAN1#103-e, it was agreed that TA adjustment accuracy is not considered for the evaluation of time synchronization error, thus we would mainly focus on enhance Te. However, since Te is specified by RAN4, we need RAN4 to evaluate the feasibility to define a new enhanced Te.  

Proposal 4.1-1: Send a LS to RAN4 to ask for feedback on the following two questions:  
· Question 1: Is it feasible to define a new enhanced initial transmit timing error Te?
· Question 2: If the answer to question 1 is yes, what the enhanced value(s) for Te?   

Please provide your views on the above proposal 4.1-1.  
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· 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)

This option relies on the gNB to estimate DL PD, and then use an additional signal to indicate the PD from gNB to UE. Since a separate signaling is used, it has no impact on TA procedure. However, based on the contributions, it seems there are different understanding whether gNB needs to estimate the DL PD based on TA or some other dedicated reference signal (e.g. Samsung proposes to use SRS, UL DMRS or PUSCH with predefined TA for propagation delay estimation).  Nokia (R1-210037) mentioned that if the estimation is based on TA, then gNB may have to track all relative TA adjustments, and if the UE applies an autonomous adjustment to its timing advance value, the gNB cannot reliably determine the applied timing advance value at the UE.  

Question 4.1-2: Do you think that gNB will estimate the DL PD based on TA for option 1c? If your answer is NO, please provide your detailed solution.   
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	View

	
	

	
	



Question 4.2-3: Do you have any other views on TA-based propagation delay compensation?
	Company
	View

	
	

	
	



RTT based propagation delay compensation 
For RTT based delay compensation, propagation delay estimation is based on an RAN managed Rx-Tx procedure intended for time synchronization.  
Based on the views in the contributions, several companies expressed that RTT-based method is introduced only if TA-based propagation delay compensation enhancements are not sufficient. Before sufficient discussion is done on TA-based propagation delay compensation enhancements, it might be difficult to justify whether it is sufficient or not. 
If TA-based propagation delay is necessary to be introduced, the following issues are raised by companies to further study: 
· Whether DL reference signals other than PRS could be used for DL time estimation at UE side, such as CSI-RS.
· Whether to leave the signaling design for RTT based delay compensation method to RAN2? e.g. how the UE reports the measurement to the gNB (e.g. via RRC) and what the report should contain (can be left for RAN2). 
· What equation to use for evaluating the overall time synchronization error?

In case we will need to introduce RTT based delay compensation enhancements, the following questions are set to collect the views from the proponents. 
Question 4.2-1: Whether DL reference signals other than PRS could be used for DL time estimation at UE side?
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Question 4.2-2: Whether to leave the signaling design for RTT based delay compensation method to RAN2, e.g. how the UE reports the measurement to the gNB (e.g. via RRC) and what the report should contain (can be left for RAN2)?
	[bookmark: OLE_LINK59]Company
	View

	
	

	
	



As to what equation to use for evaluating the overall time synchronization error for RTT based propagation delay compensation enhancements, the following options are proposed from companies:
Option 1: 

·  is to reflect the error due to report granularity of Rx-Tx time difference
· Support: ETRI, Intel

Option 2: 

· Support: Qualcomm 

Option 3: 

· Support: CATT

Option 4: 

· Support: LG, OPPO

Option 5: 

·  is to reflect the error due to report granularity of Rx-Tx time difference
·  and  reflects the measurement inaccuracy of gNB Rx-Tx time difference, and the measurement inaccuracy of UE Rx-Tx time difference, respectively. 
· Support: Ericsson

Option 6: 

· Support: Nokia, vivo

Option 7: 

·  is to reflect the error due to report granularity of Rx-Tx time difference
·  is to reflect the error due to the granularity of propagation delay indication
· Propagation delay indication granularity error (): gNB eventually need to signaling to UE about the propagation delay. Therefore, an additionally signaling to indicate propagation delay cannot be avoided. The granularity of propagation delay indication will also affect the total error. 
· Support: Samsung

The views are very divergent, maybe once we achieve consensus on the equation for TA-based method, some aspects can be straightforward, e.g. whether  or  should be included, whether  should be considered, etc. 
Question 4.2-3: Do you have any suggestion on how to move forward on the equation to use for evaluating the overall time synchronization error for RTT based propagation delay compensation enhancements?
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[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]
Question 4.2-4: Do you have any other views on RTT-based propagation delay compensation?
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gNB-based pre-compensation of the reference time information
Intel (R1-200643) proposes to expand the list of propagation delay compensation options with gNB-based pre-compensation (both RTT-based and non-RTT based) in order to match with the latest status of RAN2 discussion.
Feature lead: It looks to me that RTT-based gNB-based pre-compensation is same as option 2. Therefore, option 3 here can focus more on non-RTT based gNB-based pre-compensation. However, since there is no more details in the contributions, it would be further clarify the details of this option here.
Question 4.3-1: Any further details to be provided for gNB-based pre-compensation here?
	Company
	View
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Appendix Agreements in the past meetings
RAN1#102-e
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



Agreements:
· 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

Agreements:
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.  

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

Agreements:
100 ns is assumed for BS detecting error.  

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

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). 

Draft LS R1-2007445 is approved, with final LS in R1-2007446.

RAN1#103-e
[bookmark: OLE_LINK58]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
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Table 7.1.2-1: T, Timing Error Limit.

= Frequency SCS of SSB SCS of uplink Teo
Range- signals (kHz)- | signals (kHz)~
152 12764"Ter
15¢ 30- 10"64"Teo
I 60- 1064 T
152 864" Ter
300 302 864" T
60- 7'64"Tee
60~ 3.5"64"Tee
A 120- 120- 3564 e
g 60~ 3"64"Tee
240- 120- 3'64"Tee

mNote 1:  Tcis the basic timing unit defined in TS 38.211 [6]-





