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Introduction
[bookmark: _Hlk510705081]During RAN1#106-e an email discussion on propagation delay compensation enhancements was conducted. The  summary of the discussion can be found in [1], with the agreements from the chairman’s notes [2] copied in below:
	Agreement
SRS can be used for Rx – Tx time difference estimation at gNB side for RTT-based propagation delay compensation, if RTT-based propagation delay compensation is supported.

Agreement
Send LS to RAN4 to ask for feedback on the following questions:
· Question 1: Is it feasible to support a smaller value than the current Te for the use of propagation delay compensation, assuming the existing conditions in TS 38.133 for Te requirement? If not, is it feasible under new conditions (e.g. using TRS instead of SSB)? If the answer is yes, please also provide feedback on how much it can be reduced at most.  
· Question 2: Is it feasible to introduce enhanced TA command indication granularity? If the answer is yes, please also provide feedback on how much it can be reduced at most (e.g. reduced to (1/16)* (16*64*Tc/2m)) similar as the granularity for Rel-16 IAB based on the Timing Delta MAC CE and related condition.
· Note 1: The alternatives in the working assumption achieved in RAN1#104bis-e together with the examples in Table 4.2-2 will be included in the LS to give some background for RAN4 
· Note 2: The agreement “both SCS 15 kHz and 30 kHz are assumed for both control-to-control and smart grid for evaluation of the time synchronization” achieved in RAN1#102-e will be included in the LS for RAN4 information also. 
· Note 3: Inform RAN4 that the enhancements on Te and TA command indication granularity for propagation delay compensation may or may not have impact on normal TA related procedure, depending on which candidate option for TA-based PDC is adopted. Note that this is just for RAN4 information. 
· Note 4: Whether RAN1 will introduce specification enhancements is still undetermined.
LS is endorsed in R1-2108635.

Agreement
If RTT-based propagation delay compensation is supported, 
· CSI-RS for tracking (TRS) can be used for Rx – Tx time difference estimation at UE side, if PRS is not configured for the UE.
· PRS can be used for Rx – Tx time difference estimation at UE side, if PRS is configured for the UE.  

Agreement
Send LS to RAN4 to ask for defining the following for RTT-based propagation delay compensation, if RTT-based propagation delay compensation is supported.   
· UE Rx-Tx time difference measurement accuracy errorUE,RxTxDiff based on CSI-RS for tracking
· gNB Rx-Tx time difference absolute accuracy errorUE,RxTxDiff based on SRS

Agreement
Support the following configurations for RTT-based propagation delay compensation, if RTT-based propagation delay compensation is supported.  
· At least one CSI-RS for tracking (TRS) configuration for Rx – Tx time difference estimation at UE side if PRS is not configured
· At least one SRS configuration for Rx – Tx time difference estimation at gNB side

Agreement
If RTT-based propagation delay compensation is supported and performed at the UE side, the Rx-Tx measurement report provided from the gNB to the UE should include at least:  
· gNB Rx-Tx time difference at a given granularity
· FFS whether to include SRS-Resource-ID

Agreement
Take the following two alternatives as the equation for evaluation of the overall time synchronization error for RTT-based propagation delay compensation. RAN1 to select one of the alternatives in RAN1#106bis-e.
· Alt. 1: 
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·  is to reflect the error due to indication 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. 
· Note: The equation may be updated after clarification on the gNB TX-RX timing difference and UE TX-RX timing difference
· Alt. 2: 
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·  is to reflect the error due to indication granularity of Rx-Tx time difference
· 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
Note: FFS whether / how to handle inconsistent RTT measurement in gNB and UE due a change of uplink TX timing


Also, in RAN2#115e, the following was agreed:
	Agreements 
1. RAN2 assumes that gNB can perform pre-compensation. RAN2 agrees to introduce signalling to enable/disable UE-side PDC.   
2. The gNB can enable/disable UE-side PDC via unicast-RRC signalling for Rel-17 
[bookmark: _Hlk83643526]3. RAN2 shall wait for RAN1 to decide the measurement framework for RTT based PDC method and does not preclude UE-side PDC or gNB based pre-compensation at this point.  RAN2 is expecting guidance from RAN1 on what is needed.   
4. UE Assistance information from the UE which could for example be used by gNB to activate PDC is not supported 
5. Implicit activation of UE-side PDC when a pre-configured threshold is met is not supported 
6. UE-based trigger for TA update or RACH procedure for PDC are deprioritized for Release 17 


This contribution continues the discussion on propagation delay compensation enhancements and addresses the following open points: 
· Way forward for RAN1 on PDC
· How to interpret the value representing the BS frame transmission error.
· Assumptions on estimation timeline for SFN boundary and PD estimation.
· Evaluation assumption for RTT.
· UL TX timing change
· Rx-Tx based procedure design options
 
[bookmark: _Ref60941680]Discussion on way forward and open points from RAN1#106-e
On the way forward on PDC in RAN1
The meeting schedule for the RAN working groups involved in PDC in remainder of Rel-17 WI is as following:
· RAN1 has one meeting remaining before the freeze deadline in RAN1:
· November (RAN1#107-e 11/11-19/11). 
· RAN4 similarly has also only one meeting before the RAN1 deadline:
· November (RAN4#101-e 01/11-12/11). 
· RAN2 has two meetings remaining before RAN2 freeze deadline:
· November (RAN2#116-e 01/11-12/11). 
· February (RAN2#117-e 21/02-25-02)

Currently RAN2 awaits RAN1 before they continue discussion on the remaining details on PDC. Clearly, which PDC methods to support is still pending discussion in RAN1. As RAN2 is the leading WG for PDC and given the end of Release-17 WI is near, RAN1 should target to send an LS to RAN2 with the latest status on the PDC method discussion as was also proposed by the FL in [1, Proposal 4.3.4-1]. That can be done independent on the outcome of this RAN1 meeting. 
From our point of view, the unclarity of which PDC methods should be supported comes when we attempt to address the most challenging use case which is the indoor control-to-control use case. However, it is already very clear from RAN1 point of view (from RAN1#104-bis-e) which option can be used for the smart grid use case and control-to-control with single Uu interface involved. Therefore one option that allows both RAN1 to continue studying PDC methods for the most strict use cases while also allowing RAN2 to progress on the signaling framework, is that RAN1 agrees to support legacy timing advance as one of the PDC methods, and sends an LS to RAN2 with firstly the latest status on PDC methods and informing RAN2 to specify the support for legacy timing advance.
Proposal 1: To aid timely progress in RAN2, RAN1 should send an LS to RAN2 including:
· The latest available status on PDC methods in RAN1. 
· Agreement that legacy timing advance based PDC can be supported for at least the less strict time sync use cases and informing that a supplementing PDC method for the most challenging time sync use cases are still being evaluated (either Rx-Tx based PDC method and/or enhanced timing advance).
 
Considerations of PDC method for the strictest use cases
Currently the TA-based PDC method Option 1b is considered against RTT-based method Option 2. While the feasible accuracy for TA-based method according to RAN1 error models assumed so far remains to be seen from the RAN4 LS reply, it is already clear that the two will require different specification changes to be effectuated. Later on, it is discussed the needed content from Rx-Tx measurement report and the configurations of UL and DL reference signals. Option 1b on the other hand, aims to enhance the legacy timing advance procedure. The legacy TA and its timing requirement (Te) relies on the UE estimating DL frame timing from SSBs, and on the minimum supported UL bandwidth. An enhanced TA method with Option 1b will require specifying a new Te which then will require that another DL reference signal than an SSB is always available to the UE for a more accurate DL frame timing, and similar an UL transmission using a bandwidth that is higher than the minimum UL bandwidth is needed to make it feasible to meet this stricter Te requirement. In other words, a stricter Te will require the gNB to make a higher bandwidth DL reference signal available to the UE prior to a UE transmitting a UL signal which is subject to the stricter Te requirement (!). From the UE perspective, it means that the UE will have to use these higher bandwidth DL reference signals to accurately track DL frame timing, at the cost of higher power consumptions than what was needed to support legacy timing advance and hence what was needed to sustain a stable and working Uu interface. 
Compared to Option 2, it might be that the CSI-RS/PRS and SRS transmissions are configured with comparable bandwidth as what would be used for achieving the stricter Te, however as a TA requirement, the stricter Te could be enforced to all UL transmissions unless an additional “enhanced TA” framework is specified. It is therefore our clear preference that even if a stricter Te (and TA command granularity as both are needed to meet the time synchronization target) can be supported, it is not a better alternative compared to an RTT based PDC method.  
Observation 1: An enhanced TA solution would have the disadvantage compared to RTT that the time sync UE would always have to comply with a stricter UL timing requirement incurring high processing power, despite of the need to do propagation delay compensation or not. 
How to interpret the BS frame transmission error.
In RAN1#103e, we have agreed to use 65ns to represent the BS frame transmission timing error for the control-to-control scenario. As discussed during RAN1#104-e, it is not clear if this should be interpreted as a maximum (<) or a relative (±) value. The same question applies when discussing the two options on how to represent the BS frame transmission timing error for the smart grid use case. 
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). It has been argued that it cannot be determined what is the proper split of errors between each antenna port. While this is true, the safest operation is to limit the error per antenna port to ±32.5ns as to guarantee that the error between two antenna ports satisfied <65ns. For this reason, we propose to multiply errorBS,DL,TX by 1/2 that should be independent on PDC method and hence this should be applied consistently throughout all error equations (both RTT and TA based PDC). 
Proposal 2: For both TA and RTT based PDC error models errorBS,DL,TX should be multiplies by ½, when used in the equation for calculating the overall time synchronization for the control-to-control scenario.  

Considerations about PD estimation timeline and TA error assumption.
In RAN1#104bis-e it has been agreed that “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.” Related to this discussion, it should be discussed whether Te and/or Timing Advance Adjustment error should be assumed in the error evaluation for the timing advance based options. 
We understand from the discussion in RAN1, that it is not clear how to interpret TS 38.133 on the matter of when Te applies. To us it is clear that Te only applies for the first UL transmission after the UE has been in DRX and before receiving an up to date NTA. The main alternative interpretation is the case where Te applies to any UL transmission (and not only the first one after DRX), also implies that the TA loop would be inherently unstable (as Te is larger than half NTA granularity) and in the worst case would fluctuate between two NTA values. We acknowledge that Te is also used as a condition for the UE to trigger the use of autonomous adjustments, and also here it is our interpretation that this also applies only for the first transmission or before receiving a timing advance command, as this is a tool for the UE to attempt to adjust its UL transmission timing based on DL frame timing monitoring. 
Timing advance adjustment error applies when the UE adjusts its current timing advance for a received timing advance command, i.e. when TS 38.133 clause 7.3 applies. Hence per the agreement that the gNB may have provided an updated NTA value to the UE, timing advance adjustment error should be considered in the TA-based error evaluation. Whereas Te does not apply since UL transmission timing is corrected with the updated NTA from the gNB.
Proposal 3: When evaluating further the timing error using TA based PDC, TA adjustment error should be considered, while the initial transmission error Te does not apply as RAN1 assumed to have an updated NTA command received from the gNB after returning from DRX.

Considerations about assumption related to refSFN boundary detection and PD estimation timeline.
Two alternatives are considered where the difference is whether it is assumed that the gNB can coordinate the PD estimation events and the available DL references available for SFN boundary estimation. The gNB may deliver referenceTimeInfo using SIB9 or via RRC. When referenceTimeInfo is delivered via SIB9 the SFN boundary is specified relative to the SI-Window boundary “immediately at or after the ending boundary of which the SIB9 is transmitted” whereas for the case of delivery over RRC “ending boundary of the system frame indicated by referenceSFN”. In both cases, the gNB can timely aid the UE with the accuracy of the SFN boundary estimation. Then when it comes to the PD part, each PD estimation procedure consists of both a UL and DL reference signal component and by placing the DL RS as close to the SFN boundary estimation as possible, the channel (assuming one-shot estimation) will be the same. Additionally, as the UE applies a DL time tracking used for UL timing determining with TA and can similarly be used for SFN boundary estimation the error caused by DL time tracking induced at the UE for both SFN and PD estimation with TA will be the same. Likewise, for Rx-Tx, the same DL signal can be used for estimating the SFN boundary and for Rx-Tx measurement. This is illustrated in Figure 1.
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[bookmark: _Ref76069890]Figure 1. Illustration of a coordinated SFN boundary estimation event and PD estimation event.
Observation 2: The error caused by DL time tracking at the UE will be the same for both, SFN boundary estimation and PD estimation, as a) the gNB can coordinate the time of the TA procedure and the time of PD compensation and b) UE would apply the same DL time tracking for TA/Rx-Tx as for SFN boundary estimation.
Similarly, it was discussed if the DL transmission error () is visible in both PD estimate and in the SFN boundary estimation. The DL transmission time error is an error caused by a mismatch between the gNB-DU and the gNB-RU clocks – not necessarily due to the gNB-RU having a poor clock, but simply due to the physical distance between the two (and the bandwidth of the interfaces connecting them) which limits how accurately they can be synchronized. 
When it comes to how this clock mismatch impacts our PD estimation procedure and the total error, it is clear that this mismatch is directly affecting the SFN boundary estimation process, as the mismatch will shift the SFN time transmitted at the air interface relative to the SFN time at the gNB-DU. So definitely  should be captured in the SFN estimation part of the accuracy model. However, the time synchronization error between the gNB-DU and gNB-RU will only impact the PD estimation procedure, if either:
· the gNB-DU and gNB-RU splits who captures the timestamps from DL Tx and UL Rx, 
· if the same unit captures both DL Tx and UL Rx timestamps, but the clock of the gNB-RU is shifted between a DL and UL timestamp occasions used in the PD estimation and RTI delivery. 
As per our understanding, for both TA and Rx-Tx based PD estimation, it is the gNB-RU clock that affects the air interface timing (i.e. SFN boundary) and it is the gNB-RU capturing the UL detection time. As the time between a DL and UL transmission for both Rx-Tx and TA can be considered small (e.g. <10ms) and that the gNB-RU clock remains stable over this period of time, there is no need to capture in the PD estimation as well. 
Observation 3: should only be accounted for in the SFN boundary estimation related errors and not in the PD estimation errors. 
Model of timing error to be assumed
RAN1 has received reply LS from RAN4 regarding whether it can be assumed that DL Rx is captured in Te or not. The reply from RAN4 is clear that DL Rx is captured in Te. That means that Option 1 should be considered in the equation alternatives discussed for TA-based PDC evaluation. However, the discussion in RAN4 gives the impression that this assumption is only applicable for the test condition where the UE is tested whether it complies to Te. That is, the reference measurement probe is at the gNB (or the UE) antenna connectors and measures the time difference between an input DL time to an output UL time, which means that no matter what channel the UE is affected to (i.e. how it detects DL frame timing), it must comply to Te. That also means that while we assume that DL Rx is captured in Te here in RAN1, this is slightly artificial as the UE in practice have to rely on DL RS detection and cannot accurately determine whether it complies to Te or not. 
The current working assumption for TA evaluation from RAN1#104e consists of two equation alternatives with brackets and options. From the RAN4 LS reply, it is clear that Option 1 should be considered which says that . As discussed in relation to Proposal 3, the use of Te assumes that the UE has not received any updated NTA after DRX, but as RAN1 has agreed that the UE may have an NTA update after waking up from DRX, we have a conflict that could be addressed by considering two cases; one where the UE has an updated NTA, and one where the UE does not have an updated NTA. When the UE does not have an updated NTA, Te applies (i.e. ), but when it has an updated NTA, we should assume that Te does not apply anymore. In this case, the gNB has detected the UE timing offset, signaled a correction via NTA update (subject to the error of granularity) and the UE applies the NTA update. The UE should apply the updated NTA with the timing advance adjustment error  (i.e. ).  
Considering the above discussion, we propose to use Alt. 2 with Option 1 (as per the reply LS from RAN4) to model the total error with TA based PD and to distinguish between the case where the UE has an updated NTA after DRX and where it does not.
Proposal 4: Adopt the following total error model for TA based PDC (Alt. 2 with Option 1 considering the availability of NTA update):
· , if no updated NTA after DRX is assumed, or 
· , if it is assumed that the UE receives an updated NTA after DRX.

When it comes to the Rx-Tx based PD, the total error should still consider an SFN boundary and a PD estimation part. The SFN boundary estimation part must be equal to that of TA, but as the PD estimation procedure is different, the expression for this is also different. The high-level Rx-Tx procedure is illustrated in Figure 2.
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[bookmark: _Ref76111333]Figure 2. The Rx-Tx procedure when used for PD estimation.
The PD estimation part needs to capture both UL and DL reference signal detections and an Rx-Tx measurement indication. Two alternative equations for evaluating the overall time synchronization error for RTT-based PDC were agreed in RAN1#106-e, as repeated below
	· Alt. 1: 
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·  is to reflect the error due to indication 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. 
· Note: The equation may be updated after clarification on the gNB TX-RX timing difference and UE TX-RX timing difference
· Alt. 2: 
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·  is to reflect the error due to indication granularity of Rx-Tx time difference
· 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



The main differences between the alternatives are the following:
· Alt.1 adopts different error components for Rx-Tx, namely  and  while Alt.2. adopts BS and UE RX error components which have agreed values, i.e.  ns and . 
· Since both the UE and BS should measure the transmission time of the Rx-Tx signals with reference at the antenna connector, the TX timing error should not be considered in either side. It has been discussed whether Te should be applied for the Rx-Tx error to account for UE RX and TX timing errors. As Te relates to an error of the UL frame timing relative to DL frame timing, Te would only be captured in such measurement if the UE is NOT aware of its actual transmission time at the antenna connector. For accurate positioning purposes where Rx-Tx is used, it seems clear that the UE can measure when it is transmitting its UL reference signal and hence Te should not be considered for Rx-Tx based PDC. The same applies for the gNB, where BS transmission error (or TAE) has been mentioned as a candidate to be captured in the evaluation of the Rx-Tx based PDC error. As the timestamps are captured relative to the antenna connector, the error of BS transmission error is not to be captured in a Rx-Tx based PDC error evaluation. 
Therefore, in our view the Rx-Tx error components of Alt.1 would be mainly dominated by the RX errors in UE and in the BS, i.e. equivalent to the agreed errors present in Alt.2 
· Alt.1 considers an  for the DL frame boundary detection in addition to DL errors present in Rx-Tx measurement. While in Alt.2. such error is counted once.
· As discussed previously in this Tdoc, we think that double counting this error would be a pessimistic assumption as this DL measurement error can be the same. ® Align with Alt.2
· Alt.2 does not preclude an additional UE transmit timing error  being added for Rx-Tx 
· We think this component should not be considered, as the Tx timing measurement is obviously not affected by multipath or by the DL frame timing tracking, so the UE should be able to accurately measure the time of departure of the signal relative to antenna connector ® Align with Alt.2 without .
· Alt.2 does not preclude that the BS transmit timing error  is halved 
· In our view, independent on the equation assumed, this error should be accounted as a relative error as discussed previously in this Tdoc, i.e. either it assumed  without multiplying by ½, or  is assumed multiplied by ½. ® Align with Alt.2 without ½* if , or with ½* if .

Proposal 5: RAN1 adopts Alt. 2 as the equation for evaluation of the overall time synchronization error for RTT-based PDC, i.e.: 
 
  
Uplink TX timing change for RTT
In RAN1#106-e it was discussed in the very end of the e-mail discussion whether an additional error component should be added for the evaluation of the RTT-based PDC to reflect inconsistency in gNB and UE due a change of uplink TX timing. The company rising the discussion stated the following [1]:
“…both formula do not contain any error term caused by inconsistent RTT measurements between gNB and UE, i.e., there is a UL-Tx timing change happening between gNB RTT measurement and UE RTT measurement. Such error is possible now because both gNB RTT measurement and UE RTT measurement have to be bound with specific DL RS and UL RS that are configured, while both TA command and UE autonomous UL Tx timing adjustment are on-demand behaviors that are difficult to arrange in advance. If the formula does not contain the corresponding error term, RAN1 should provide the solution to avoid such errors, which has not been discussed yet.” 
For us, it is not clear how such inconsistence would happen for RTT-based PDC. In RTT, both the gNB and the UE measure Rx-Tx with reference point relative to the antenna connector. A TA adjustment which may happen during an RTT procedure, e.g. between the exchanging of the first signal and the second signal for measuring Rx-Tx, may change the moment where the second signal is transmitted. But that does not cause any uncounted time change caused by TA adjustment because a timing change in UL TX time of departure would equally happen in UL RX time of arrival. So, apart from the errors given by the agreed error components, the result of the RTT-based PD estimation should be the same with or without a TA happening between the RTT procedure.
Observation 4: A timing change in UL TX time of departure would equally impact the RX time of arrival, not causing any uncounted time change caused by TA adjustment between RTT measurements.   
In addition, as pointed out by the feature lead during the discussion, there is no bounding of UL and DL RS considered in RTT for positioning to handle such raised issue, which indicates that we can assume similar approach for time synchronization.     
Proposal 6: RAN1 concludes that there is no additional error component to be added in the RTT-based PDC caused by a change in the uplink TX timing.    
Rx-Tx based PD estimation procedure
The Rx-Tx measurement procedure originates from the Multi-RTT procedures being applied for positioning purposes. The signaling procedure is specified in 38.305 and the Rx-Tx measurements is specified in 38.215. The existing measurement report is described in 37.355 (LPP so UE Rx-Tx measurement report) and 38.455 (NRPPa so gNB Rx-Tx measurement). Let’s take a closer look at the gNB Rx-Tx measurement report content as listed below and see what should be reused in a single-cell gNB to UE Rx-Tx measurement report. Everything that has to do with Cell IDs are not needed for a single cell:
		IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description

	Measured Result Item
	
	1 .. <maxnoPosMeas>
	
	

	>CHOICE Measured Results Value
	M
	
	
	

	>>UL Angle of Arrival
	M
	
	9.2.38
	

	>>UL SRS-RSRP
	M
	
	INTEGER (0..126)
	

	>>UL RTOA
	M
	
	9.2.39
	

	>>gNB Rx-Tx Time Difference
	M
	
	9.2.40
	

	>Time Stamp
	M
	
	9.2.42
	

	>Measurement Quality
	O
	
	9.2.43
	

	>Measurement Beam Information
	O
	
	9.2.57
	



	IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description

	CHOICE gNB Rx-Tx Time Difference Measurement
	M
	
	
	

	>k0
	M
	
	INTEGER (0.. 1970049)
	TS 38.133 [16]

	>k1
	M
	
	INTEGER (0.. 985025)
	TS 38.133 [16]

	>k2
	M
	
	INTEGER (0.. 492513)
	TS 38.133 [16]

	>k3
	M
	
	INTEGER (0.. 246257)
	TS 38.133 [16]

	>k4
	M
	
	INTEGER (0.. 123129)
	TS 38.133 [16]

	>k5
	M
	
	INTEGER (0.. 61565)
	TS 38.133 [16]

	Additional Path List
	O
	
	9.2.41
	






In the simplest operation, AoA, RSRP or RToA is not needed as they can be considered as enhancements and mainly beneficial when combining information from multiple dislocated gNBs. 
The timestamp of the measurement helps the LMF calculate the relative ToA across gNBs when verifying that they have measured the same UL transmission event given by the configured SRS-ID. For a single-gNB providing an Rx-Tx measurement to the UE, the UE needs to be certain which SRS UL transmission the gNB used in its measurement as has been discussed in #106-a meeting. During the e-mail discussion, it has also been raised by some companies that a DL RS related to the Rx-Tx measurement report needs also to be identified.
Figure 3 illustrates three cases of Rx-Tx measurement reporting events and its relation to UL and DL transmission events. In Case 1, the relation is clear, as the Rx-Tx measurement is provided in between two DL and UL transmission events for Rx-Tx, then no additional information than the Rx-Tx measurement value is needed assuming negligible reporting delay. However, as illustrated in Case 2 and Case 3 respectively, there could be a case where there is more SRS transmission events per CSI-RS/PRS transmission event and vice-versa. That could be due to either different periodicities of CSI-RS and PRS (and not all are used for an Rx-Tx measurement report by the gNB), or due to having multiple CSI-RS/PRS or SRS configurations configured for Rx-Tx measurements. We also note here that the UE can be configured with CSI-RS/PRS and SRS configurations that are not used for the purpose of PDC, which would magnify the issue of unclarity at the UE side unless we ensure this cannot happen from specification side. 
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Figure 3. Illustration of Rx-Tx measurement report relation to CSI-RS and SRS transmission events.

First of all, it should be clear which SRS and CSI-RS/PRS configurations are used for the purpose of PDC. So, this should be configured at the UE within the context of PDC. Secondly, we do not see a strong need for more than a single configuration of CSI-RS/PRS and SRS, as PDC essentially only needs to be done when there is a PD update and when there is a referenceTimeInfo update. It should be simple for the gNB to align the Rx-Tx based PDC event with these. Our proposal is that the CSI-RS/PRS and SRS configurations are configured in PDC context and are related. The UE may then assume that the gNB always use the latest DL RS and UL RS to generate its Rx-Tx measurement report.
Observation 5: For RTT based PDC, only a single pair of CSI-RS/PRS and SRS configuration is needed. 
Proposal 7: For RTT based PDC, to avoid possible unclarity on which CSI-RS/PRS transmission event and SRS transmission event is used by the gNB to generate the Rx-Tx measurement, the UE may assume that the latest CSI-RS / PRS and SRS transmission event of a pair of CSI-RS/PRS and SRS configuration is used. 
If more configurations of SRS and/or PRS/CSI-RS are desired (for example for greater gNB flexibility), a possible unclarity can be avoided by configuring a single SRS and CSI-RS/PRS per configuration in pairs. Moreover, it will not be sufficient to use the SRS ID or CSI-RS/PRS ID in the Rx-Tx measurement report in case the same SRS or CSI-RS/PRS is configured for more than one pair, but rather add an identifier of which CSI-RS/PRS and SRS configuration pair has been used to generate the Rx-Tx measurement report (e.g. in Case 3 if two pair configurations are given, one for Option 1 and other for Option 2).
Observation 6: If more than one SRS and/or CSI-RS/PRS configurations are to be supported for RTT based PDC, an SRS ID or a CSI-RS/PRS ID in the Rx-Tx measurement report is insufficient to solve a possible unclarity on the UE side on which SRS and CSI-RS/PRS transmission event has been used to generate the Rx-Tx measurement. 
Proposal 8: If more than one SRS and/or CSI-RS/PRS configurations are to be supported for RTT based PDC, an identifier of the SRS and CSI-RS/PRS configuration pair should be included in the Rx-Tx measurement report. 
The Rx-Tx measurement report itself is specified with the options for the gNB (or the UE for that matter) to select the appropriate granularity by k0 to k5. For the sake of simplicity RAN could fix the granularity e.g. to 8ns.

Conclusion
In this contribution, we discussed open issues on propagation delay compensation enhancements from RAN1#106-e. Based on this discussion we have the following observations and proposals:
Proposal 1: To aid timely progress in RAN2, RAN1 should send an LS to RAN2 including:
· The latest available status on PDC methods in RAN1. 
· Agreement that legacy timing advance based PDC can be supported for at least the less strict time sync use cases and informing that a supplementing PDC method for the most challenging time sync use cases are still being evaluated (either Rx-Tx based PDC method and/or enhanced timing advance).

Observation 1: An enhanced TA solution would have the disadvantage compared to RTT that the time sync UE would always have to comply with a stricter UL timing requirement incurring high processing power, despite of the need to do propagation delay compensation or not. 
Proposal 2: For both TA and RTT based PDC error models errorBS,DL,TX should be multiplies by ½, when used in the equation for calculating the overall time synchronization for the control-to-control scenario.  
Proposal 3: When evaluating further the timing error using TA based PDC, TA adjustment error should be considered, while the initial transmission error Te does not apply as RAN1 assumed to have an updated NTA command received from the gNB after returning from DRX.
Observation 2: The error caused by DL time tracking at the UE will be the same for both, SFN boundary estimation and PD estimation, as a) the gNB can coordinate the time of the TA procedure and the time of PD compensation and b) UE would apply the same DL time tracking for TA/Rx-Tx as for SFN boundary estimation.
Observation 3: should only be accounted for in the SFN boundary estimation related errors and not in the PD estimation errors. 
Proposal 4: Adopt the following total error model for TA based PDC (Alt. 2 with Option 1 considering the availability of NTA update):
· , if no updated NTA after DRX is assumed, or 
· , if it is assumed that the UE receives an updated NTA after DRX.

Proposal 5: RAN1 adopts Alt. 2 as the equation for evaluation of the overall time synchronization error for RTT-based PDC, i.e.: 
 

Observation 4: A timing change in UL TX time of departure would equally impact the RX time of arrival, not causing any uncounted time change caused by TA adjustment between RTT measurements.   
Proposal 6: RAN1 concludes that there is no additional error component to be added in the RTT-based PDC caused by a change in the uplink TX timing.    
Observation 5: For RTT based PDC, only a single pair of CSI-RS/PRS and SRS configuration is needed. 
Proposal 7: For RTT based PDC, to avoid possible unclarity on which CSI-RS/PRS transmission event and SRS transmission event is used by the gNB to generate the Rx-Tx measurement, the UE may assume that the latest CSI-RS / PRS and SRS transmission event of a pair of CSI-RS/PRS and SRS configuration is used. 
Observation 6: If more than one SRS and/or CSI-RS/PRS configurations are to be supported for RTT based PDC, an SRS ID or a CSI-RS/PRS ID in the Rx-Tx measurement report is insufficient to solve a possible unclarity on the UE side on which SRS and CSI-RS/PRS transmission event has been used to generate the Rx-Tx measurement. 
Proposal 8: If more than one SRS and/or CSI-RS/PRS configurations are to be supported for RTT based PDC, an identifier of the SRS and CSI-RS/PRS configuration pair should be included in the Rx-Tx measurement report. 
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Appendix A1 – Error source assumptions
Table A1. Error source assumptions
	Notation from [1]
	15kHz SCS
	30kHz SCS

	Te
	±391ns
	±260ns

	errorTA_indication
	±260ns
	±130ns

	errorBS,UL,RX
	±100ns

	errorUE,DL-RX
	±100ns

	errorRxTxindication
	±8ns

	errorBS,DL,TX
	±32.5ns for control-to-control scenario
±100ns for smart grid scenario



Appendix A2 – Agreements from previous meetings
Agreements from RAN1#102e (email discussion in R1-2007068)
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 synchronization
	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:
· [image: ]±8*64*Tc/2m 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 in R1-2007445 is approved, with final LS in R1-2007446.

Agreements from RAN1#103e (email discussion in R1-2009551)
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. 
· 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 from RAN1#104e (email discussion in R1-2101896)

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

Draft LS (in v008) (R1-2102224) is approved. Final LS in R1-2102245

Agreements from RAN1#104bis-e (email discussion in R1-2104136.zip)
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
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.    
[image: ]
· FFS whether errorBS,DL,TX in the above equation should be included or not. 

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: ]
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.

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.

Agreements from RAN1#106-e (email discussion in R1-2108384)

Agreement
SRS can be used for Rx – Tx time difference estimation at gNB side for RTT-based propagation delay compensation, if RTT-based propagation delay compensation is supported.

Agreement
Send LS to RAN4 to ask for feedback on the following questions:
· Question 1: Is it feasible to support a smaller value than the current Te for the use of propagation delay compensation, assuming the existing conditions in TS 38.133 for Te requirement? If not, is it feasible under new conditions (e.g. using TRS instead of SSB)? If the answer is yes, please also provide feedback on how much it can be reduced at most.  
· Question 2: Is it feasible to introduce enhanced TA command indication granularity? If the answer is yes, please also provide feedback on how much it can be reduced at most (e.g. reduced to (1/16)* (16*64*Tc/2m)) similar as the granularity for Rel-16 IAB based on the Timing Delta MAC CE and related condition.
· Note 1: The alternatives in the working assumption achieved in RAN1#104bis-e together with the examples in Table 4.2-2 will be included in the LS to give some background for RAN4 
· Note 2: The agreement “both SCS 15 kHz and 30 kHz are assumed for both control-to-control and smart grid for evaluation of the time synchronization” achieved in RAN1#102-e will be included in the LS for RAN4 information also. 
· Note 3: Inform RAN4 that the enhancements on Te and TA command indication granularity for propagation delay compensation may or may not have impact on normal TA related procedure, depending on which candidate option for TA-based PDC is adopted. Note that this is just for RAN4 information. 
· Note 4: Whether RAN1 will introduce specification enhancements is still undetermined.
LS is endorsed in R1-2108635.

Agreement
If RTT-based propagation delay compensation is supported, 
· CSI-RS for tracking (TRS) can be used for Rx – Tx time difference estimation at UE side, if PRS is not configured for the UE.
· PRS can be used for Rx – Tx time difference estimation at UE side, if PRS is configured for the UE.  

Agreement
Send LS to RAN4 to ask for defining the following for RTT-based propagation delay compensation, if RTT-based propagation delay compensation is supported.   
· UE Rx-Tx time difference measurement accuracy errorUE,RxTxDiff based on CSI-RS for tracking
· gNB Rx-Tx time difference absolute accuracy errorUE,RxTxDiff based on SRS

Agreement
Support the following configurations for RTT-based propagation delay compensation, if RTT-based propagation delay compensation is supported.  
· At least one CSI-RS for tracking (TRS) configuration for Rx – Tx time difference estimation at UE side if PRS is not configured
· At least one SRS configuration for Rx – Tx time difference estimation at gNB side

Agreement
If RTT-based propagation delay compensation is supported and performed at the UE side, the Rx-Tx measurement report provided from the gNB to the UE should include at least:  
· gNB Rx-Tx time difference at a given granularity
· FFS whether to include SRS-Resource-ID

Agreement
Take the following two alternatives as the equation for evaluation of the overall time synchronization error for RTT-based propagation delay compensation. RAN1 to select one of the alternatives in RAN1#106bis-e.
· Alt. 1: 
[image: ]
·  is to reflect the error due to indication 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. 
· Note: The equation may be updated after clarification on the gNB TX-RX timing difference and UE TX-RX timing difference
· Alt. 2: 
[image: ]
·  is to reflect the error due to indication granularity of Rx-Tx time difference
· 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
Note: FFS whether / how to handle inconsistent RTT measurement in gNB and UE due a change of uplink TX timing
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