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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 it needs to be considered separately. For the relationship between  and the UE transmit timing error (i.e. Te), an LS has been sent to RAN4 to ask this question.

· UE Initial transmit timing error (Te) : Details as shown in section 3.2.2 in [3]
· The values 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

The time synchronization mechanism with and without error is shown in figure 1 below. And according to the analysis about the overall time synchronization error in the FL summary [7], the overall time synchronization error can be calculated based on following steps.
 [image: C:\Users\L00367611\Desktop\NR TA.bmp]
[bookmark: _Ref518658730]Figure 1: Illustration of time synchronization mechanism

Step 1: gNB sends the reference time clock  (i.e. referenceTimeInfo-r16) to UE, and the actual time clock at the UE side should be

· BS transmit timing error for transmitting the RRC signaling containing the reference time clock
· Downlink frame timing detection error for receiving the RRC signaling contacting the reference time clock

Step 2: When the UE receives referenceTimeInfo-r16, it obtains  indicated by referenceTimeInfo-r16. After the UE does the propagation delay compensation and the estimated time clock at the UE side is

·  DL propagation delay estimation error, e.g.  for TA-based PDC.

Step 3: The overall time synchronization error (i.e. the difference between the actual time clock in step 1 and the estimated time clock in step 2) is 
 

1.1 Overall timing synchronization error based on Rel-16
In the RAN1#104bis-e meeting, two alternatives for evaluation of the overall time synchronization error for TA based propagation delay compensation were agreed as a Working Assumption:
Working assumption:
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Meanwhile, two options are listed depending on whether Te includes  or not. Based on the LS reply [6] from RAN4, it is common understanding in RAN4 that the downlink frame timing detection error is already included in the UE transmit timing error, i.e. option 1 should be used for further analysis.
Observation 1: Based on the LS reply [6], the downlink frame timing detection error is already included in the UE transmit timing error, thus option 1 i.e.  should be used for evaluation.
Thus, the summary of these equations are shown in the table 1 below for easier readability. Note that for Alt.2 we give two equations based on  or  in table 1.
Table 1 – Calculation of the total error for TA based compensation
	
	Option 1: 

	Alt 1
	

	Alt 2-1
	

	Alt 2-2
	



Based on the above analysis, Table 2 provides the overall time synchronization error for control-to-control when propagation delay compensation based on Rel-16 is considered.
[bookmark: _Ref60755488]Table 2 - Overall time synchronization error after propagation delay compensation based on Rel-16
	Each component
	Control-to-Control

	BS transmit timing error
()
	65ns

	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
	Alt 1
	15kHz
	573

	
	
	30kHz
	443

	
	Alt 2-1
	15kHz
	408

	
	
	30kHz
	278

	
	Alt 2-2
	15kHz
	440

	
	
	30kHz
	310

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



In Table 2, it can be seen that the overall synchronization error is too large so that the error budget after delay compensation cannot be met.

Observation 2: For control-to-control, the total error after compensation based on the Rel-16 TA mechanism cannot 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.
1.2 Option 1: TA-based compensation
Based on the agreements in RAN1#102-e, the following options were given 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 be 64Tc. However, in this case the total error based on Alt.1 or Alt. 2-1 or Alt. 2-2 for the control-to-control scenario cannot satisfy the budget for 15kHz SCS. And 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 can be improved compared to legacy UEs. We assume the TA indication granularity improvement is the same as in Option 1a. An estimation of the reduced Te and reduced TA indication granularity needed to meet the requirement for option 1b are shown in Table 3 below. However, updating the Te may also need to be discussed in RAN4 to check whether it has some additional impact. Since, based on its definition, it is clear that Te is related to SSB, RAN4 may need to discuss whether the UE can satisfy the improved Te requirement based on SSB.

Table 3 Estimation of reduced Te and reduced TA indication granularity needed to meet the requirement for option 1b
	Reduced Te
	Reduced TA command indication granularity
	overall synchronization error
	Assumptions

	
	
	15 kHz
	30 kHz
	

	(0.1)*Te
	(1/16)* (16*64*Tc/2)
	275
	265
	Alt.1

	(0.94)*Te
	(1/16)* (16*64*Tc/2)
	274
	209
	Alt. 2-1

	(0.78)*Te
	(1/16)* (16*64*Tc/2)
	275
	220
	Alt. 2-2



For option 1c, it is similar with 1b from evaluating the overall synchronization error perspective. 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. In addition, it doesn’t need to rely on Te as in option 1b, which depends on SSB and the initial PRACH. That is, some other signal (e.g. CSI-RS or TRS) and/or SRS can be used to achieve smaller uplink transmit timing error. However, similar as option 1b, whether/how to define a new procedure for achieving reduced uplink transmit timing error needs to be checked by RAN4. The estimation of a finer indication granularity and reduced uplink transmit timing error needed to meet the requirement for option 1c is shown in table 4 below.

Table 4 Estimation of finer indication granularity needed to meet the requirement for option 1c and the reduced uplink transmit timing error
	Reduced uplink transmit timing error
	Finer delay compensation granularity signaled by a new dedicated signaling
	overall synchronization error
	Assumptions

	
	
	15 kHz
	30 kHz
	

	(0.1)*Te
	(1/16)* (16*64*Tc/2)
	275
	265
	Alt.1

	(0.94)*Te
	(1/16)* (16*64*Tc/2)
	274
	209
	Alt. 2-1

	(0.78)*Te
	(1/16)* (16*64*Tc/2)
	275
	220
	Alt. 2-2



Based on above analysis it can be seen that it is possible that a TA-based method can satisfy the budget with reduced Te and TA indication granularity, however whether the reduced Te and TA indication granularity is feasible needs RAN4 inputs. 

Proposal 1: Send LS to RAN4 to ask for feedback on the following questions:
· Question 1: Is it feasible to assume a smaller value than the current Te for the use of propagation delay compensation, assuming the same definition of Te in the current RAN4 specification or new definition/procedure (e.g. based on other reference signal instead of SSB)? If the answer is yes, please also provide feedback on how much it can be reduced, e.g. reduced to (0.1)*Te.
· Question 2: Is it feasible to introduce enhanced TA command indication granularity and enhanced TA estimation accuracy? If the answer is yes, please also provide feedback on how much it can be reduced, e.g. reduced to (1/16)* (16*64*Tc/2) for enhanced TA command indication granularity.

1.3 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.
[image: ]
Figure 2: Illustration of RTT based delay compensation
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. 
	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






	5.2.3	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.






And TgNB-RX and TUE-RX are defined by the first detected path in time, thus there would be some detection error. However the measurement accuracy of gNB and UE Rx-Tx timing difference is already defined in TS38.133-g80 shown below, so we think  and  should be used. 
Accordingly, we obtain for the total error based on RTT:

Based on the previous discussion, the total error of RTT based compensation is given below.
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 is the error caused by the reporting granularity which is between Tc and 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 different for different bandwidths of the measured reference signal, e.g. as shown in the following tables defined for PRS and SRS, and there is also a margin  which still is FFS. There is no measurement accuracy defined for other reference signals yet. 
	Table 10.1.25.2-1: UE Rx-Tx time difference measurement accuracy in FR1 in AWGN
	Accuracy
	Conditions

	
	PRS Ês/Iot
	Minimum PRS bandwidth
	
PRS SCS
	PRS resource repetition Note 3
	
	IoNote 4 range

	
	
	
	
	
	NR operating band groupsNote 2
	Minimum
IoNote 1
	Maximum
Io

	TcNote 5
	dB
	RB
	
kHz
	
	
	dBm / SCSPRS
	dBm/BW

	
	
	
	
	
	
	SCSPRS=15 kHz
	SCSPRS=30 kHz
	SCSPRS=60 kHz
	

	± [78+]
	-3
	≥[24]
	
15
	≥[4]
	TBD
	TBD
	TBD
	TBD
	TBD

	± [59+]
	
	≥[52]
	
	≥[1]
	TBD
	TBD
	TBD
	TBD
	TBD

	± [30+]
	
	>[104]
	
	≥[1]
	TBD
	TBD
	TBD
	TBD
	TBD

	TBD
	
	≥[24]
	30
	≥[4]
	TBD
	TBD
	TBD
	TBD
	TBD

	± [30+]
	
	≥[48]
	
	      ≥[1]
	TBD
	TBD
	TBD
	TBD
	TBD

	± [15+]
	
	≥[132]
	
	≥[1]
	TBD
	TBD
	TBD
	TBD
	TBD

	± [29+]
	
	≥[24]
	60
	≥[4]
	TBD
	TBD
	TBD
	TBD
	TBD

	± [15+]
	
	≥ [64]
	
	≥[1]
	TBD
	TBD
	TBD
	TBD
	TBD

	± [7+]
	
	≥ [132]
	
	≥[1]
	TBD
	TBD
	TBD
	TBD
	TBD

	± [101+]
	
-13
	≥[24]
	
15
	≥[4]
	TBD
	TBD
	TBD
	TBD
	TBD

	± [75+]
	
	≥[52]
	
	≥[1]
	TBD
	TBD
	TBD
	TBD
	TBD

	± [39+]
	
	>[104]
	
	≥[1]
	TBD
	TBD
	TBD
	TBD
	TBD

	TBD
	
	≥[24]
	30
	≥[4]
	TBD
	TBD
	TBD
	TBD
	TBD

	± [37+]
	
	≥[48]
	
	≥[1]
	TBD
	TBD
	TBD
	TBD
	TBD

	± [16+]
	
	≥[132]
	
	≥[1]
	TBD
	TBD
	TBD
	TBD
	TBD

	± [36+]
	
	≥[24]
	60
	≥[4]
	TBD
	TBD
	TBD
	TBD
	TBD

	± [16+]
	
	≥ [64]
	
	≥[1]
	TBD
	TBD
	TBD
	TBD
	TBD

	± [8+]
	
	≥ [132]
	
	≥[1]
	TBD
	TBD
	TBD
	TBD
	TBD

	NOTE 1:	This minimum Io condition is expressed as the average Io per RE over all REs in an OFDM symbol.
NOTE 2:	NR operating band groups are as defined in Section 3.5.
NOTE 3:	 are configured by higher layer parameter  dl-PRS-ResourceRepetitionFactor, dl-PRS-NumSymbols and  dl-PRS-CombSizeNdefined in TS 37.355 [34].
NOTE 4:	The Io is defined in PRS slots. The same Io range applies to PRS and non-PRS symbols. Io levels are different in PRS and non-PRS symbols within the same slot.
NOTE 5:	Tc is the basic timing unit defined in TS 38.211 [6].



Table 10.1.25.2-2: UE Rx-Tx time difference measurement accuracy in FR1 in fading
	Accuracy
	Conditions

	
	PRS Ês/Iot
	Minimum PRS bandwidth
	
PRS SCS
	PRS resource repetition Note 3
	
	IoNote 4 range

	
	
	
	
	
	NR operating band groupsNote 2
	Minimum
IoNote 1
	Maximum
Io

	TcNote 5
	dB
	RB
	
kHz
	
	
	dBm / SCSPRS
	dBm/BW

	
	
	
	
	
	
	SCSPRS=15 kHz
	SCSPRS=30 kHz
	SCSPRS=60 kHz
	

	± [137+]
	-3
	≥[24]
	
15
	≥[4]
	TBD
	TBD
	TBD
	TBD
	TBD

	± [96+]
	
	≥[52]
	
	≥[1]
	TBD
	TBD
	TBD
	TBD
	TBD

	± [62+]
	
	>[104]
	
	≥[1]
	TBD
	TBD
	TBD
	TBD
	TBD

	TBD
	
	≥[24]
	30
	≥[4]
	TBD
	TBD
	TBD
	TBD
	TBD

	± [68+]
	
	≥[48]
	
	      ≥[1]
	TBD
	TBD
	TBD
	TBD
	TBD

	± [44+]
	
	≥[132]
	
	≥[1]
	TBD
	TBD
	TBD
	TBD
	TBD

	± [59+]
	
	≥[24]
	60
	≥[4]
	TBD
	TBD
	TBD
	TBD
	TBD

	± [42+]
	
	≥ [64]
	
	≥[1]
	TBD
	TBD
	TBD
	TBD
	TBD

	± [36+]
	
	≥ [132]
	
	≥[1]
	TBD
	TBD
	TBD
	TBD
	TBD

	± [180+]
	
-13
	≥[24]
	
15
	≥[4]
	TBD
	TBD
	TBD
	TBD
	TBD

	± [98+]
	
	≥[52]
	
	≥[1]
	TBD
	TBD
	TBD
	TBD
	TBD

	± [68+]
	
	>[104]
	
	≥[1]
	TBD
	TBD
	TBD
	TBD
	TBD

	TBD
	
	≥[24]
	30
	≥[4]
	TBD
	TBD
	TBD
	TBD
	TBD

	± [85+]
	
	≥[48]
	
	≥[1]
	TBD
	TBD
	TBD
	TBD
	TBD

	± [44+]
	
	≥[132]
	
	≥[1]
	TBD
	TBD
	TBD
	TBD
	TBD

	± [139+]
	
	≥[24]
	60
	≥[4]
	TBD
	TBD
	TBD
	TBD
	TBD

	± [66+]
	
	≥ [64]
	
	≥[1]
	TBD
	TBD
	TBD
	TBD
	TBD

	± [30+]
	
	≥ [132]
	
	≥[1]
	TBD
	TBD
	TBD
	TBD
	TBD

	NOTE 1:	This minimum Io condition is expressed as the average Io per RE over all REs in an OFDM symbol.
NOTE 2:	NR operating band groups are as defined in Section 3.5.
NOTE 3:	 are configured by higher layer parameter  dl-PRS-ResourceRepetitionFactor, dl-PRS-NumSymbols and  dl-PRS-CombSizeNdefined in TS 37.355 [34].
NOTE 4:	The Io is defined in PRS slots. The same Io range applies to PRS and non-PRS symbols. Io levels are different in PRS and non-PRS symbols within the same slot.
NOTE 5:	Tc is the basic timing unit defined in TS 38.211 [6].



Table 13.2.2.2-1: gNB Rx-Tx time difference absolute accuracy in FR1 for gNB type 1-C, 1-H and 1-O
	Accuracy
	SRS Ês/Iot
	SCS
	SRS bandwidth range

	Unit: Tc
	Unit: dB
	Unit: kHz
	Unit: RB

	[63]
	≥ -13
	15
	 44 ≤ BW ≤ 84

	[31]
	
	
	 88 ≤ BW ≤ 168

	[15]
	
	
	176 ≤ BW

	[117]
	≥ +3
	
	24 ≤ BW ≤ 40

	[60]
	
	
	 44 ≤ BW ≤ 84

	[31]
	
	
	 88 ≤ BW ≤ 168

	[15]
	
	
	176 ≤ BW

	[37]
	≥ -13
	30
	 48 ≤ BW ≤ 84

	[15]
	
	
	 88 ≤ BW ≤ 168

	[8]
	
	
	176 ≤ BW

	[31]
	≥ +3
	
	 48 ≤ BW ≤ 84

	[15]
	
	
	 88 ≤ BW ≤ 168

	[8]
	
	
	176 ≤ BW

	[19]
	≥ -13
	60
	 48 ≤ BW ≤ 84

	[8]
	
	
	 88 ≤ BW 

	[15]
	≥ +3
	
	 48 ≤ BW ≤ 84

	[8]
	
	
	 88 ≤ BW 






For evaluation for RTT-based PDC in RAN1, we use 117Tc and 8Tc for , and 180Tc and 30Tc for  as an example, just to have rough estimation of the performance for RTT-based PDC as shown in Table 5 below.
Table 5 Overall time synchronization error achieved in option 2 for control-to-control
	Overall synchronization error
	=117Tc

	245

	
	=8Tc

	179

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



Observation 3: The total error based on RTT based delay compensation can satisfy the budget.

For RTT-based PDC, RAN1 needs to discuss which channel/signal the UE/gNB need to measure as shown in the agreement achieved in RAN1#105-e below. Considering that PRS is introduced in Rel-16 positioning, we think PRS can also be used if it is supported by the UE, however we cannot only rely on PRS since the support of PRS depends on the support of some positioning mechanism. In our understanding, in theory all existing DL reference signal can be used for Rx – Tx time difference estimation, however it is better to select some certain reference signal, since it is expected that RAN4 needs to define the Rx-Tx time difference measurement accuracy based on the measured reference signal. In our understanding, CSI-RS or TRS can be considered.       
	Agreement:
Existing DL reference signal(s) are used for Rx – Tx time difference estimation at UE side for RTT-based propagation delay compensation, if RTT-based propagation delay compensation is supported.   
· FFS whether PRS can be used for UE Rx – Tx time difference estimation or not  
· FFS which DL reference signal(s) to be used if/when PRS is not used



Proposal 2: For RTT-based PDC, support UE Rx-Tx time difference measurement based on PRS if UE reports the support of PRS. Otherwise, CSI-RS or TRS is used for UE Rx-Tx time difference measurement.

Conclusion
In this paper, we give our considerations for the enhancements in Rel-17.
Observation 1: Based on the LS reply [6], the downlink frame timing detection error is already included in the UE transmit timing error, thus option 1 i.e.  should be used for evaluation.
[bookmark: _GoBack]Observation 2: For control-to-control, the total error after compensation based on the Rel-16 TA mechanism cannot satisfy the budget.

Proposal 1: Send LS to RAN4 to ask for feedback on the following questions:
· Question 1: Is it feasible to assume a smaller value than the current Te for the use of propagation delay compensation, assuming the same definition of Te in the current RAN4 specification or new definition/procedure (e.g. based on other reference signal instead of SSB)? If the answer is yes, please also provide feedback on how much it can be reduced, e.g. reduced to (0.1)*Te.
· Question 2: Is it feasible to introduce enhanced TA command indication granularity and enhanced TA estimation accuracy? If the answer is yes, please also provide feedback on how much it can be reduced, e.g. reduced to (1/16)* (16*64*Tc/2) for enhanced TA command indication granularity.

Observation 3: The total error based on RTT based delay compensation can satisfy the budget.

Proposal 2: For RTT-based PDC, support UE Rx-Tx time difference measurement based on PRS if UE reports the support of PRS. Otherwise, CSI-RS or TRS is used for UE Rx-Tx time difference measurement.
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Appendix

	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



RAN1#102-e Agreement:
· 8*64*Tc/2 as the TA indicating error is assumed in the evaluation.

RAN1#102-e Agreements:
For 5GS synchronicity budget requirement, 
· One Uu interface is assumed for smart grid. 
· Two Uu interfaces are assumed for control-to-control.

RAN1#102-e 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

RAN1#102-e 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.

RAN1#102-e Agreement: Asymmetry between downlink and uplink channel for control-to-control scenario is not considered.

RAN1#102-e Agreement: 100 ns is assumed for BS detecting error.

RAN1#102-e 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.

RAN1#102-e Agreement: Both 15 kHz and 30 kHz are assumed for both control-to-control and smart grid for evaluation of the time synchronization.

RAN1#102-e 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;

RAN1#102-e 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).


RAN1#103-e 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. 

RAN1#103-e Agreements:
TA adjustment accuracy is not considered for the evaluation of time synchronization error. 

RAN1#103-e 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

RAN1#104-e 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.



RAN1#104bis-e Agreements: If downlink frame timing detection error needs to be considered separately from propagation delay estimation error, 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 RTT based propagation delay compensation.

RAN1#104bis-e Agreements: Take the following equation for evaluation of the DL propagation delay estimation error for TA based propagation delay compensation:
[image: ]
· Either option 1 or option 2 below will be applied based on the RAN4 reply to RAN1 LS R1-2102245.
· Option 1: errorUE, DL,RX+errorUE, UL, TX <= Te
· Option 2: errorUE, UL, TX = Te and errorUE, DL,RX is equal to a value separate from Te
· FFS whether errorBS,DL,TX in the above equation should be included or not. 

RAN1#104bis-e Agreements:
· Observation 1: Propagation delay compensation based on existing Rel-15/Rel-16 TA procedure and associated granularity, with no enhancements in RAN1, is sufficient for meeting the Uu interface synchronicity error budget in LS R2-2010837 for the smart grid scenario.  
· Observation 2: RAN1 needs to further study and specify the feasible enhancement (if any with RAN1 spec impact) for propagation delay compensation for control-to-control scenario, in order to meet the synchronicity budget of Uu interface in LS R2-2010837. 

Working assumption:
[image: ]Take the following two alternatives as the equation for evaluation of the overall time 
synchronization error for TA based propagation delay compensation:
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RAN1#104bis-e Agreement:
Take the following as the evaluation assumptions for both RTT-based PDC and TA-based PDC.   
· The UE may acquire an up-to-date PD estimation after waking up from DRX. This implies that gNB may signal an update timing advance value or complete a Rx-Tx measurement procedure.
· errorUE,DL,RX is based on other signals (e.g. CSI-RS) instead of SSB.
· errorBS, UL,RX iss based on other uplink signals instead of contention based PRACH, e.g. SRS.  
· Further study and specify new procedure/signaling (if necessary) to ensure that the PD estimation can be acquired after DRX for the adopted PDC method.

RAN1#104bis-e Agreement:
Existing DL reference signal(s) are used for Rx – Tx time difference estimation at UE side for RTT-based propagation delay compensation, if RTT-based propagation delay compensation is supported.   
· FFS whether PRS can be used for UE Rx – Tx time difference estimation or not  
· FFS which DL reference signal(s) to be used if/when PRS is not used

Conclusion:
Leave it to RAN2 to decide whether to support UE based compensation and/or gNB based compensation for any propagation delay compensation method RAN1 may adopt for Rel-17, if applicable.
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Take the following two alternatives as the equation for evaluation of the overall time  synchronization error for TA based propagation delay compensation:      Alt. 1 :    𝑒𝑟𝑟𝑜𝑟 𝑡𝑜𝑡𝑎𝑙 , 𝑇 𝐴 𝑏𝑎𝑠𝑒𝑑 ≤   𝑒𝑟𝑟𝑜𝑟 𝐵𝑆 , 𝐷𝐿 , 𝑇𝑋 + 𝑒𝑟𝑟𝑜𝑟 𝑈𝐸 , 𝐷𝐿 , 𝑅𝑋 + 𝑒𝑟𝑟𝑜𝑟 𝐵𝑆 , 𝐷𝐿 , 𝑇𝑋 + 𝑒𝑟𝑟𝑜𝑟 𝑈𝐸 , 𝐷𝐿 , 𝑅𝑋   + 𝑒𝑟𝑟𝑜𝑟 𝑈𝐸 ,   𝑈𝐿 ,   𝑇𝑋   + 𝑒𝑟𝑟𝑜𝑟 𝐵𝑆 , 𝑈𝐿 , 𝑅𝑋 + 𝑒𝑟𝑟𝑜𝑟 𝑇 𝐴 𝑖𝑛𝑑𝑖𝑐𝑎𝑡𝑖𝑜𝑛 2       o   Either option 1 or option 2 below will be applied based on the RAN4 reply to  RAN1 LS  R1 - 2102245 :       Option 1:  𝑒𝑟𝑟𝑜𝑟 𝑈𝐸 , 𝐷𝐿 , 𝑅𝑋 + 𝑒𝑟𝑟𝑜𝑟 𝑈𝐸 ,   𝑈𝐿 ,   𝑇𝑋   <= Te      Option 2:  𝑒𝑟𝑟𝑜𝑟 𝑈𝐸 ,   𝑈𝐿 ,   𝑇𝑋   = Te and  𝑒𝑟𝑟𝑜𝑟 𝑈𝐸 , 𝐷𝐿 , 𝑅𝑋   is  equal to a value  separate from Te          Alt. 2 :    𝑒𝑟𝑟𝑜𝑟 𝑡𝑜𝑡𝑎𝑙 , 𝑇 𝐴 𝑏𝑎𝑠𝑒𝑑 ≤   [ 1 2 ∗ ] 𝑒𝑟𝑟𝑜𝑟 𝐵𝑆 , 𝐷𝐿 , 𝑇𝑋 + 𝑒𝑟𝑟𝑜𝑟 𝑈𝐸 , 𝐷𝐿 , 𝑅𝑋   + 𝑒𝑟𝑟𝑜𝑟 𝑈𝐸 ,   𝑈𝐿 ,   𝑇𝑋   + 𝑒𝑟𝑟𝑜𝑟 𝐵𝑆 , 𝑈𝐿 , 𝑅𝑋 + 𝑒𝑟𝑟𝑜𝑟 𝑇 𝐴 𝑖𝑛𝑑𝑖𝑐𝑎𝑡𝑖𝑜𝑛 2       o   Either option 1 or option 2 below will be applied based on the RAN4 reply to  RAN1 LS  R1 - 2102245 :       Option 1:  𝑒𝑟𝑟𝑜𝑟 𝑈𝐸 , 𝐷𝐿 , 𝑅𝑋 + 𝑒𝑟𝑟𝑜𝑟 𝑈𝐸 ,   𝑈𝐿 ,   𝑇𝑋   <= Te      Option 2:  𝑒𝑟𝑟𝑜𝑟 𝑈𝐸 ,   𝑈𝐿 ,   𝑇𝑋   = Te and  𝑒𝑟𝑟𝑜𝑟 𝑈𝐸 , 𝐷𝐿 , 𝑅𝑋   is  equal to a value  separate from Te       o   [Note: Alt.2 assumes that  gNB can coordinate   the time of  TA procedure   and  the  time of   PD compensation ,  so that   the DL frame  timing error and BS transmit  timing error for propagation delay estimation is correlated to  (e.g. the same as)   that for the transmission of RRC signaling carrying the reference time clock ]   
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𝑒𝑟𝑟𝑜𝑟 𝑃 𝐷𝐿 = [ 𝑒𝑟𝑟𝑜𝑟 𝐵𝑆 , 𝐷𝐿 , 𝑇𝑋 + ] 𝑒𝑟𝑟𝑜𝑟 𝑈𝐸 , 𝐷𝐿 , 𝑅𝑋   + 𝑒𝑟𝑟𝑜𝑟 𝑈𝐸 ,   𝑈𝐿 ,   𝑇𝑋 + 𝑒𝑟𝑟𝑜𝑟 𝐵𝑆 , 𝑈𝐿 , 𝑅𝑋 + 𝑒𝑟𝑟𝑜𝑟 𝑇 𝐴 𝑖𝑛𝑑𝑖𝑐𝑎𝑡𝑖𝑜𝑛 2  
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