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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
Based on previous agreements, this contribution discusses the 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
Based on the agreements achieved so far, 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
· 200 ns or 65 ns for smart grid

· Downlink frame timing detection error (): Details as shown in section 2.1 in [2]
· 100 ns for TA based propagation delay compensation, if needs to be considered separately. For the relationship between  and UE transmit timing error (i.e. Te), an LS is send to RAN4 to ask this question.

· UE Initial transmit timing error (Te) : Details as shown in section 3.2.2 in [3]
· The value defined in Table 7.1.2-1 for initial transmit timing error (Te) in TS 38.133
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· BS detecting error () : Details as shown in section 3.2.3.2 in [3]
· 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 [3]
· 0 ns (i.e. not considered)

· TA indicating error (): Details as shown in section 3.2.3.3 in [3]
· 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 TUE is equal to the received time clock of the gNB TBS by referenceTimeInfo-r16 IE plus the downlink propagation delay PDL as shown in figure 1 below, i.e.

 [image: C:\Users\L00367611\Desktop\NR TA.bmp]
[bookmark: _Ref518658730]Figure 1: Illustration of time synchronization mechanism
Considering potential error components shown in figure 1, the time clock of the UE TUE is described as below: 

After the UE received ReferenceTimeInfo-r16, the UE would obtain the . 
1.1 Total error without any propagation delay compensation
If without any compensation, then the total error would be the following

Note that the  is the actual propagation delay which is related to the distance between the UE and gNB. For smart grid, the service area is 20km2, so it is clear that the total error without any compensation would not satisfy the budget. 
Observation 1: For smart-grid, the total error without any propagation delay compensation would not satisfy the budget.
For the control-to-control scenario, the service area is 1000 m x 100 m. If only one gNB is assumed for deployment in the center of this rectangular service area, then the radius of the cell is about 502m and the propagation delay would become . However, if multiple gNBs can be deployed, then the required cell radius would be reduced. The overall time synchronization error without any compensation for control-to-control is shown in Table 1 below considering different cell radii.
Table 1- Overall time synchronization error without any propagation delay compensation for control-to-control
	Each component
	Control-to-Control

	BS transmit timing error
()
	65ns

	Downlink frame timing error
()
	100ns

	
	Assumption 1:
the radius of the cell is 500m (e.g. only one gNB for the area)
	1675ns

	
	Assumption 2:
the radius of the cell is 100m (e.g. multiple gNBs for the area)
	333ns

	
	Assumption 3:
the radius of the cell is 33m (e.g. multiple gNBs for the area)
	110ns

	
	Assumption 4:
the radius of the cell is 20m (e.g. multiple gNBs for the area)
	66.7ns

	Total error without any compensation
	Assumption 1
	1840

	
	Assumption 2:
	498

	
	Assumption 3
	275

	
	Assumption 4
	232

	Single Uu interface Budget [4]
	±145ns to ±275ns



Based on Table 1 we can make the following observation:
Observation 2: For control-to-control, the total error without any propagation delay compensation may or may not satisfy the budget depending on the cell radius. No compensenation is needed if the cell radius is smaller than 33m. 
1.2 Total error after propagation delay compensation
In the following, we analyse the total error with propagation delay compensation. Assume  is the time clock in the UE after propagation delay compensation, so we have:
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For TA-based compensation, due to ，we get the following:
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The TA can be given as below according to Figure 2. When TA is sent to the UE, another error is introduced, i.e.  , which should also be added to the equation.
[image: ]
Figure 2: Illustration of TA mechanism
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Note, that in equation 1, the  is included in the TA estimation. 

If  is not included in the TA estimation then it implies that the gNB should exclude this value accordingly. In this case, the total error is as given in the equation below.



Note, that in equation 1 and 2, we assume  is not included in Te. If  is included in Te considering RAN1 has no conclusion for this, equation 1 would become equation 3, and equation 2 would become equation 4.





The above options are summarized in the table 2 below for easier readability.
[bookmark: _Ref68425781]Table 2 – Calculation of the total error for TA based compensation depending on if errorBS,DL,TX is included in TA and if errorUE,DL,RX is included in Te 
	

	
	 not included in Te
	included in Te

	 included in TA
	
	

	 not included in TA
	
	



Based on the above calculations and discussion, we are making the following proposal: 

Proposal 1: The overall time synchronization error over Uu interface for TA-based synchronization compensation method is calculated as
· If  is included in the TA estimation
· If  is not included in Te

· If  is included in Te

· If  is not included in the TA estimation
· If  is not included in Te

· If  is included in Te


Based on the above analysis, Table 3 provides the overall time synchronization error.
[bookmark: _Ref60755488]Table 3 - Overall time synchronization error after propagation delay compensation based on Rel-16
	Each component
	Control-to-Control
	Smart grid

	BS transmit timing error
()
	65ns
	200ns

	BS UL detecting error
()
	100ns

	Downlink frame timing error
()
	100ns

	UE initial transmit error (Te)
	15kHz SSB, 15kHz uplink
	12*64*Tc(i.e. 390ns)

	
	30kHz SSB, 30kHz uplink
	8*64*Tc(i.e. 260ns)

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

	
	30kHz
	8*64*Tc/2(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
	Equation 1
	15kHz
	623
	825

	
	
	30kHz
	493
	695

	
	Equation 2
	15kHz
	590
	725

	
	
	30kHz
	460
	595

	
	Equation 3
	15kHz
	573
	775

	
	
	30kHz
	443
	645

	
	Equation 4
	15kHz
	540
	675

	
	
	30kHz
	410
	545

	Single Uu interface Budget [4]
	±145ns to ±275ns
	±795ns to ±845ns



In Table 3, the green values for the total error can satisfy the budget, and red values cannot satisfy the budget after delay compensation. 

Observation 3: for control-to-control, the total error after compensation based on Rel-16 TA mechanism cannot satisfy the budget.

Observation 4: for smart grid, the total error after compensation based on Rel-16 TA mechanism can satisfy the budget.

Potential enhancements for propagation delay compensation
As discussed before, 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.
1.3 Option 1: TA-based compensation
Based on the agreements in RAN1#102-e, the following options were agreed for TA-based propagation delay compensation:
· Option 1a: Propagation delay estimation based on legacy Timing advance (potentially with enhanced TA indication granularity).

· Option 1b: Propagation delay estimation based on timing advance 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, the TA indication error  needs to be reduced. Based on the FL summary [2], we assume that the TA indication granularity improvement can be the same as for IAB, which would then give 64Tc. The total error for the control-to-control scenario based on option 1a is shown in Table 4. However, if we want to reduce the TA indication granularity, then in the uplink a larger bandwidth signal is also needed so that the gNB can estimate the TA more precisely.

For option 1b, TA indication error , TA adjustment accuracy  and Te should be improved compared to legacy UEs. We assume the TA indication granularity improvement is the same as 1a. The total error for control-to-control scenario based on option 1b is also shown in Table 4 in case of different Te value. However, updating Te and TA adjustment accuracy may also need to be discussed in RAN4 to check whether it has some additional impact. Since it is clear that Te is related to SSB based on Te definition, thus RAN4 may need to discuss whether the UE can satisfy the improved Te requirement based on SSB.

For option 1c, it is also similar with 1a. The only difference is that, 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. However as stated before, option 1c may also still need larger bandwidth signal in uplink so the gNB can obtain the TA more precisely.


Table 4 Overall time synchronization error achieved in option 1a/1b/1c for control-to-control
	
	
	
	Rel-16 TA mechanism
	Option 1a/1c
(TA indication granularity is reduced to (1/16)*16*64Tc)
	Option 1b (TA indication granularity is reduced to (1/16)*16*64Tc

	
	
	
	
	
	Te is reduced to (1/10)*Te)
	Te is reduced to (1/3.75)*Te)
	Te is reduced to 0

	Overall synchronization error
	Equation 1
	15kHz
	623
	501
	325
	358
	306

	
	
	30kHz
	493
	432
	315
	336
	302

	
	Equation 2
	15kHz
	590
	468
	292
	325
	273

	
	
	30kHz
	460
	399
	282
	304
	269

	
	Equation 3
	15kHz
	573
	451
	275
	308
	256

	
	
	30kHz
	443
	382
	265
	286
	252

	
	Equation 4
	15kHz
	540
	418
	242
	275
	223

	
	
	30kHz
	410
	349
	232
	254
	219

	Single Uu interface Budget [4]
	±145ns to ±275ns



Observation 5: Whether/to what extent to improve the RAN4 requirement for the TA adjustment error and Te needs input/feedback from RAN4.

1.4 Option 2: RTT based delay compensation
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Figure 3: Illustration of 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 3. 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. The definition for the UE Rx-Tx time difference and gNB Rx-Tx time difference is shown below according to TS38.215. Considering that the reference point for TUE-TX measurement and TgNB-TX measurement is the antenna connector, we think  and  should not be considered in the RTT. And TgNB-RX and TUE-RX are defined by the first detected path in time, so we think  and  should be considered in the RTT.
 So we have5.2.3	gNB Rx – Tx time difference
Definition
The gNB Rx – Tx time difference is defined as TgNB-RX – TgNB-TX

Where:
TgNB-RX is the Transmission and Reception Point (TRP) [18]  received timing of uplink subframe #i containing SRS associated with UE, defined by the first detected path in time.
TgNB-TX is the TRP transmit timing of downlink subframe #j that is closest in time to the subframe #i received from the UE.

Multiple SRS resources for positioning can be used to determine the start of one subframe containing SRS.

The reference point for TgNB-RX shall be:
-	for type 1-C base station TS 38.104 [9]: the Rx antenna connector,
-	for type 1-O or 2-O base station TS 38.104 [9]: the Rx antenna (i.e. the centre location of the radiating region of the Rx antenna),
-	for type 1-H base station TS 38.104 [9]: the Rx Transceiver Array Boundary connector.
The reference point for TgNB-TX shall be:
-	for type 1-C base station TS 38.104 [9]: the Tx antenna connector,
-	for type 1-O or 2-O base station TS 38.104 [9]: the Tx antenna (i.e. the centre location of the radiating region of the Tx antenna),
-	for type 1-H base station TS 38.104 [9]: the Tx Transceiver Array Boundary connector.


5.1.30	UE Rx – Tx time difference
Definition
The UE Rx – Tx time difference is defined as TUE-RX – TUE-TX

Where:
TUE-RX is the UE received timing of downlink subframe #i from a Transmission Point (TP) [18], defined by the first detected path in time.
TUE-TX is the UE transmit timing of uplink subframe #j that is closest in time to the subframe #i received from the TP.

Multiple DL PRS resources can be used to determine the start of one subframe of the first arrival path of the TP.

For frequency range 1, the reference point for TUE-RX measurement shall be the Rx antenna connector of the UE and the reference point for TUE-TX measurement shall be the Tx antenna connector of the UE. For frequency range 2, the reference point for TUE‑RX measurement shall be the Rx antenna of the UE and the reference point for TUE‑TX measurement shall be the Tx antenna of the UE.
Applicable for
RRC_CONNECTED



 is the error caused by the reporting granularity which is from Tc to 32Tc according to TS38.133. Here we use 16Tc as  for evaluation. Note, that the measurement accuracy of gNB and UE Rx-Tx timing difference is still being discussed in RAN4, so we don’t consider this part. If this accuracy needs to be considered, it should be added to the total error of RTT accordingly.
Based on previous discussion, the total error of RTT based compensation is below.
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 is the error caused by the reporting granularity which is from Tc to 32Tc according to TS38.133. Here we use 16Tc as  for evaluation. The value of , ,  is the same as for TA-based compensation, so the total error of RTT based compensation is shown in Table 5 below.
Table 5 Overall time synchronization error achieved in option 2 for control-to-control
	
	
	Option 2

	Overall synchronization error
	15kHz
	269

	
	30kHz
	269

	Single Uu interface Budget [4]
	±145ns to ±275ns



For RTT-based compensation, the procedure is more appropriate for RAN2 discussion, because in Rel-16 positioning, the UE and gNB would report measured Rx-Tx time difference to the LMF. For propagation delay compensation it seems no need to involve LMF, but anyway this should be decided by RAN2. From the RAN1 point of view, RAN1 needs to discuss which channel/signal UE/gNB need to measure. And we think in addition to PRS, other reference signals can also be used for measurement. In this way, the propagation delay compensation can be decoupled from PRS which was mainly introduced for positioning.
Proposal 2: RAN1 needs to study at least the channels/signals UE/gNB needs to measure for RTT-based delay compensation.

1.5 Other issues

In last meeting, gNB-based or UE-based compensation was discussed. For gNB-based compensation, it has RAN3 impacts [5] since DU may need to transfer the propagation delay to the CU, and then the CU would compensate this delay to the clock value, and then send to the UE. For gNB-based TA compensation, the gNB may not know the TA due to the UE autonomous TA adjustment based on TS38.133. Because when the DL timing is changed, the UE would update TA autonomously. For UE-based compensation, UE can compensate the propagation delay based on the updated TA.

Proposal 3: further study UE-based and gNB-based propagation delay compensation in Rel-17.

Conclusion
In this paper, we give our considerations for the enhancements in Rel-17.
Observation 1: For smart-grid, the total error without any propagation delay compensation would not satisfy the budget.
Observation 2: For control-to-control, the total error without any propagation delay compensation may or may not satisfy the budget depending on the cell radius. No compensenation is needed if the cell radius is smaller than 33m. 
Proposal 1: The overall time synchronization error over Uu interface for TA-based synchronization compensation method is calculated as
· If  is included in the TA estimation
· If  is not included in Te

· If  is included in Te

· If  is not included in the TA estimation
· If  is not included in Te

· If  is included in Te

Observation 3: For control-to-control, the total error after compensation based on Rel-16 TA mechanism cannot satisfy the budget.

Observation 4: For smart grid, the total error after compensation based on Rel-16 TA mechanism can satisfy the budget.

Observation 5: Whether/to what extent to improve the RAN4 requirement for the TA adjustment error and Te needs input/feedback from RAN4.

Proposal 2: RAN1 needs to study at least the channels/signals UE/gNB needs to measure for RTT-based delay compensation.

Proposal 3: Further study UE-based and gNB-based propagation delay compensation in Rel-17.
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Appendix

	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

Agreements: Take ±100 ns as the assumption for downlink frame timing detection error (errorUE,DL,RX) at the UE for evaluation of the overall time synchronization error for TA based propagation delay compensation, if downlink frame timing detection error needs to be considered separately.
· Send a LS to RAN4 to ask for clarification on whether downlink frame timing detection error is included in Te or not
· In the LS, to include more details about option 1 (included) & option 2 (not included); also including the necessary background
· FFS whether to apply the same value to RTT-based propagation delay compensation, and the corresponding condition (if any) if the same value will be applied

R1-2102224	Draft LS on UE transmit timing error	Huawei
Decision: As per email posted on feb 5th, the draft LS is endorsed. Final LS is approved in R1-2102245.
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