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[bookmark: _Ref4817]Introduction
In RAN1#106-e, the following agreements were reached on propagation delay compensation enhancements [1]. In this contribution, further discussion on the propagation delay compensation are presented.
	[bookmark: OLE_LINK11]Agreement
For evaluation of the overall time synchronization error for RTT-based propagation delay compensation,
· Alt.1 for RTT-based PDC

Agreement
For evaluation of the overall time synchronization error for TA-based propagation delay compensation,
· Alt.1 for TA-based PDC

Agreement
For evaluation of the overall time synchronization error for RTT-based propagation delay compensation with Alt.1, it is assumed that 
· [bookmark: OLE_LINK3]The UE Rx-Tx time difference measurement accuracy based on PRS defined in Table 10.1.25.2-2 in TS 38.133 v17.3.0 is taken as the reference for the UE Rx-Tx time difference measurement accuracy 
· The gNB Rx-Tx time difference accuracy based on SRS for positioning defined in Table 13.2.2.2-1 in TS 38.133 v17.3.0 is taken as the reference for the gNB Rx-Tx time difference accuracy based on SRS for PDC 

Agreement
For RTT-based PDC, only a single pair of CSI-RS for tracking (TRS)/PRS and SRS configuration, i.e. one CSI-RS for tracking (TRS)/PRS configuration for Rx – Tx time difference estimation at UE side and one SRS configuration for Rx – Tx time difference estimation at gNB side, is configured for PDC in Rel-17, if RTT-based PDC is supported.
 
Agreement
If RTT-based propagation delay compensation is supported and performed at the gNB side, the Rx-Tx measurement report provided from the UE to the gNB should include at least:  
· UE Rx-Tx time difference at a given granularity
 
Conclusion
When evaluating enhanced TA-based PDC, there is no need to replace Te by TA adjustment error.

R1-2110558	Feature lead summary#3 on propagation delay compensation enhancements	Moderator (Huawei)

Agreement
Send an LS to RAN2 and CC RAN4 with the content including:  
· The latest available status on PDC methods in RAN1, e.g. key agreements achieved for TA-based PDC and RTT-based PDC. 
LS is endorsed in R1-2110647.

Agreement
For evaluation and comparison of enhanced TA-based PDC and RTT-based PDC, the timing detection error = 0.5/(RS BW) = 0.5/(N_PRB*12*SCS) can be used to achieve  and , if needed in the evaluation equation separately, where N_PRB is the number of PRBs of the RS bandwidth used in the detection by UE and gNB, respectively.
· Note: Detection error achieved by evaluations is not precluded if available. 

Agreement
If enhanced TA-based PDC with reduced Te based on TRS is supported in Rel-17, one CSI-RS for tracking (TRS) configuration is configured for enhanced TA-based PDC.
· FFS whether/how to configure UL signal for enhanced TA-based PDC 
 
Agreement
If enhanced TA-based PDC with enhanced TA command indication granularity is supported in Rel-17, 
· The enhanced TA command indication granularity introduced for enhanced PDC is applied for PDC purpose, which doesn’t have impact on normal TA procedure, i.e. normal TA procedure will still follow the existing TA command indication granularity. 
 
Agreement
If RTT-based propagation delay compensation is supported, the Rx-Tx time difference is reported with granularity 2k*Tc, where k is an integer satisfying 0<=k<=5.   
· FFS the value of k
· FFS the reporting range of Rx-Tx time difference measurement for PDC



Discussion
In RAN1#106b-e, it was agreed that TRS can be used for TA-based PDC if TA-based PDC with reduced Te is supported in Rel-17. During the TA procedure in NR, SRS can be used for the network to perform measurement and adjust the UE TA in addition to PRACH. Therefore, it is straightforward to use SRS for TA-based PDC in Rel-17.
Proposal 1: If enhanced TA-based PDC with reduced Te is supported in Rel-17, one SRS configuration can be configured for TA-based PDC.
For both TA-based PDC and RTT-based PDC, Alt 1 was agreed for evaluation of the overall time synchronization error. It was agreed that the timing detection error is related to the RS bandwidth with the equation of error = 0.5/(RS BW) = 0.5/(N_PRB*12*SCS). The larger the RS bandwidth is, the smaller timing detection error gets. Considering that the PDC enhancements focus on control to control scenario, 20MHz bandwidth is assumed for the RS for the evaluation. In this case, 106 PRBs and 51 PRBs are assumed for TRS, PRS, and SRS at 15kHz SCS and 30kHz SCS, respectively. Therefore, the timing detection errors are 26ns and 27ns, respectively. 
The evaluation results are shown in Table 1 below. It should be noted the Rx-Tx time difference indication error is Tc for RTT-based solution with the assumption of k=0[2]. According to the reply LS from RAN2, the budget of single Uu interface is (145ns, 275ns) for the control to control scenario[3]. It can be seen that the result of RTT-based PDC is smaller than 275ns. Even though δ and Y should be taken into account for the evaluation for RTT-based PDC, considering that they are both margin, it can be concluded that the requirement can be satisfied in case the 20MHz RS is used. 
Table 1 Evaluation results
	
	TA-based PDC
	RTT-based PDC
	TA-based PDC with enhanced TA indication and Te

	
	15kHz
	30kHz
	15kHz
	30kHz
	15kHz
	30kHz

	e1
	65ns
	65ns
	65ns
	65ns
	65ns
	65ns

	e2
	26ns
	27ns
	26ns
	27ns
	26ns
	27ns

	e3 
	391ns
(12*64*Tc)
	260ns
(8*64*Tc)
	35ns
	43ns
	195ns
(6*64*Tc)
	130ns
(4*64*Tc)

	e4
	26ns
	27ns
	16ns
	19ns
	26ns
	27ns

	e5
	260ns
(8*64*Tc)
	130ns
(4*64*Tc)
	0.5ns
	0.5ns
	16ns
(32*Tc)
	16ns
(32*Tc)

	Total error
	462
	333
	116.75
	123.25
	242
	211

	· e1: BS transmitting time error
· e2: UE downlink detection error
· e3: Te for TA-based PDC for TA-based PDC or UE Rx-Tx time difference accuracy for RTT-based PDC
· e4: BS uplink detection error for TA-based PDC or gNB Rx-Tx time difference accuracy for RTT-based PDC
· e5: TA indication error for TA-based PDC or RTT measurement report error for RTT-based PDC


Observation 1: The requirement can be satisfied for RTT-based PDC in case 20MHz RS is assumed.
For TA-based PDC, the requirement cannot be satisfied. However, if the indication granularity is reduced (e.g., the enhanced timing advance MAC CE defined in IAB is reused) and the Te value is reduced by half, the requirement can also be satisfied for TA-based PDC. In RAN4#101-e, the following have been agreed, which indicate the smaller Te is possible.
	· Agreements
o There is no consensus in RAN4 whether it is feasible to support a smaller value than the current Te assuming the existing conditions in TS 38.133 for Te requirement

· Agreements
o It is feasible to support a smaller Te value than the current Te for the use of propagation delay compensation under assumption of using TRS (or other RS used for Te estimation) instead of SSB
§ Smaller Te can be achieved when TRS (or other RS) bandwidth is larger than SSB bandwidth
§ Smaller Te can be achieved for UE is operating in RRC_CONNECTED mode
§ FFS whether a smaller Te can be achieved for the first transmission in the DRX cycle
· Further check with RAN1 if presence of TRS (or other RS) can be guaranteed during the DRX OFF
§ Support of Smaller Te can be defined as an optional Rel-17 capability and should not apply to all UEs


Observation 2: The requirement can only be satisfied for TA-based PDC after enhancements, e.g., the enhanced timing advance MAC CE defined in IAB is reused and the Te value is reduced by half.
In RAN1#106b-e, it was agreed that one CSI-RS for tracking (TRS)/PRS configuration for Rx-Tx time difference estimation at UE side and one SRS configuration for Rx-Tx time difference estimation at gNB side are configured for PDC in Rel-17 if RTT-based PDC is supported. However, if the UE and the network measure the different RS pair, it may lead to double gNB Rx-Tx time difference errors and UE Rx-Tx time difference errors in the evaluation. More details can be found in the section 5.2 below copied from our contribution [4]. Therefore, since Alt 1 for evaluation has been adopted with only one gNB Rx-Tx time difference error and UE Rx-Tx time difference error considered, measuring the same RS pair should be ensured. For example, the information that which RS pair is measured should be indicated from the network to the UE.
Proposal 2: The network should indicate to the UE that which RS is measured such that the network and the UE can measure the same RS, if RTT-based PDC is supported. For example, the frame number for the TRS/PRS and SRS can be indicated.
For the Rx-Tx time difference measurement reporting, the granularity should be discussed. Even though the smallest granularity is used for evaluation. In our understanding, if the RTT-based PDC is supported, it can also be used for the other scenario with lower requirement, e.g., smart grid, where a larger granularity can also work. Considering that multiple granularity can provide more flexibility and forward compatibility, we think all the granularity defined in positioning WI can be supported if RTT-based PDC is supported. In this case, the network can choose suitable granularity for measurement report delivery or configure the granularity for the UE to report the measurement result.
Proposal 3: All the granularity for the Rx-Tx time difference measurement reporting defined in TS38.133 should be supported if RTT-based PDC is supported.
In positioning, the Rx-Tx time difference measurement is reported via RRC signaling. From RAN1 persepctive, there is no issue on the reporting latency since the receiver can keep its measurement report record for a long time. In addition, the PDC is performed only when needed. Therefore, RRC signaling for Rx-Tx time difference measurement reporting is adequate if RTT-based PDC is supported.
Proposal 4: RRC signaling for Rx-Tx time difference measurement reporting should be supported if RTT-based PDC is supported.
If TRS/PRS and SRS are configured for PDC in Rel-17, the UE measurement efforts are the same for TA-based PDC and RTT-based PDC. However, for the RTT-based PDC, the new measurement type should be introduced. In addition, if PRS is used, more resource is needed since TRS and SRS should configured for the UE anyway. Therefore, TA-based PDC is preferred.
Proposal 5: TA-based PDC should be supported for the propagation delay compensation enhancements with reducing the initial transmission error (Te) and reusing the enhanced timing advance MAC CE.
Conclusion
According to the discussion above, we have the following observations and proposals.
Observation 1: The requirement can be satisfied for RTT-based PDC in case 20MHz RS is assumed.
Observation 2: The requirement can only be satisfied for TA-based PDC after enhancements, e.g., the enhanced timing advance MAC CE defined in IAB is reused and the Te value is reduced by half.
Proposal 1: If enhanced TA-based PDC with reduced Te is supported in Rel-17, one SRS configuration can be configured for TA-based PDC.
Proposal 2: The network should indicate to the UE that which RS is measured such that the network and the UE can measure the same RS, if RTT-based PDC is supported. For example, the frame number for the TRS/PRS and SRS can be indicated.
Proposal 3: All the granularity for the Rx-Tx time difference measurement reporting defined in TS38.133 should be supported if RTT-based PDC is supported.
Proposal 4: RRC signaling for Rx-Tx time difference measurement reporting should be supported if RTT-based PDC is supported.
Proposal 5: TA-based PDC should be supported for the propagation delay compensation enhancements with reducing the initial transmission error (Te) and reusing the enhanced timing advance MAC CE.
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Appendix
TS38.133-g8
The UE Rx-Tx time difference measurement accuracy requirements in this clause shall not apply, if:
NTA_offset defined in Table 7.1.2-2 changes during the UE Rx-Tx measurement period or
if the uplink transmission timing changes during the UE Rx-Tx measurement period due to the network-configured Timing Advance.
FFS: whether UE Rx-Tx time difference measurement accuracy requirements in this clause shall also apply if the uplink transmission timing changes during the UE Rx-Tx measurement period due to the autonomous timing adjustment defined in clause 7.1.2.
The UE shall continue and complete a UE Rx-Tx measurement while meeting UE Rx-Tx measurement accuracy requirements defined in this clause when a serving cell change occurs during the UE Rx-Tx measurement provided that the serving cell change does not impact the SRS configuration for the UE Rx-Tx measurement.
Note: The requriements for fading channel in this clause are derived based on TDL-A (30 ns delay spread, 5Hz) and TDL-C (60 ns delay spread, 300 Hz) channel models for FR1 and FR2 respectively.
Editor’s note: In accuracy tables  is margin and is FFS
The accuracy requirements in Table 10.1.25.2-1 for FR1 are valid under the following conditions:
Conditions defined in clause 7.3 of TS 38.101-1 [18] for reference sensitivity are fulfilled.
PRP|dBm according to Annex B.2.x for a corresponding Band.
AWGN propagation condition.
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

	[bookmark: _Hlk72775815]± [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

	[bookmark: _Hlk72775271]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].


The accuracy requirements in Table 10.1.25.2-2 for FR1 are valid under the following conditions:
Conditions defined in clause 7.3 of TS 38.101-1 [18] for reference sensitivity are fulfilled.
PRP|dBm according to Annex B.2.x for a corresponding Band.
Fading propagation condition.
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+]
	
	[bookmark: _GoBack]≥[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].



The accuracy requirements for gNB Rx-Tx time difference measurement shall be within ±(X+Y) Tc under the following conditions:
-	AWGN propagation conditions.
-	The measured signals are in the directions covered by RoAoA of OTA reference sensitivity requirements for gNB type 1-O and 2-O BS
where 
-	X is defined in Table 13.2.2.2-1 for gNB types 1-C, 1-H and 1-O and in Table 13.2.2.2-2 for gNB type 2-O.
-	Y is declared by manufacturer and can be different for different gNB types 1-C, 1-H, 1-O and 2-O.
Note: The measurement accuracy requirements in Table 13.2.2.2-1 and Table 13.2.2.2-2 are defined under an assumption that gNB is not mandated to perform receive beam sweeping.
Editor’s Note: The accuracy numbers can be revisited based on the new simulation results for the lower bounds of SRS BW ranges which were not simulated.
Editor’s Note: The averaging method for baseline gNB Rx-Tx accuracy can be revisited to take into account the spread of proposals from contributing companies.
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 



Table 13.2.2.2-2: gNB Rx-Tx time difference absolute accuracy in FR2 for gNB type 2-O
	Accuracy
	SRS Ês/Iot
	SCS
	SRS bandwidth range

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

	[8]
	≥ -13
	60
	 132 ≤ BW ≤ 168

	[6]
	
	
	176 ≤ BW

	[8]
	≥ +3
	
	132 ≤ BW ≤ 168

	[6]
	
	
	176 ≤ BW

	[19]
	≥ -13
	120
	 32 ≤ BW ≤ 40

	[8]
	
	
	 44 ≤ BW ≤ 84

	[6]
	
	
	88 ≤ BW

	[15]
	≥ +3
	
	 32 ≤ BW ≤ 40

	[8]
	
	
	 44 ≤ BW ≤ 84

	[6]
	
	
	88 ≤ BW



Discussion on RTT-based PDC
The following are copied from R1-2108844.
	In addition, it was agreed that CSI-RS for tracking or PRS can be used for Rx-Tx time difference estimation at the UE side and SRS can be used for Rx-Tx time difference estimation at the network side if RTT-based propagation delay compensation is supported. Figure 1 is an example of the Alt. 2, where the UE and the network measure the same DL signal and UL signal pair (or DL subframe and UL subframe pair). 


Figure 1 RTT-based propagation delay estimation
However, if the network and the UE measure the different DL signal and UL signal pairs at different time, then the BS transmitting time error and the BS uplink detection error are not consistent. It may lead to that the BS transmitting time error and BS uplink detection error double for the estimated propagation delay. This is very similar as the Alt. 1 in the working assumption for TA-based solution, where the BS transmitting time error and UE downlink detection error are not consistent due to two operations at the different time. An example is shown in the Figure 2 below, where the UE measures DL signal 1 and UL signal 1 to obtain UE Rx-Tx time difference while the network measures the DL signal 2 and UL signal 2 to obtain gNB Rx-Tx time difference. It can be seen that the BS transmitting time error and BS uplink detection error are not consistent in the measurement performed at the UE and the network.
Similar as the discussion in section 2.1, to avoid the inconsistency, the network and the UE should measure the same DL signal and UL signal pair to obtain its Rx-Tx time difference. In other words, the same downlink subframe and uplink subframe should be measured. We believe such condition should also be applied in Alt. 1. 


Figure 2 RTT-based propagation delay estimation
Proposal 3: The network and the UE should measure the same DL signal and UL signal pair to obtain its Rx-Tx time difference.
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