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[bookmark: _Ref129681862][bookmark: _Ref124589705]Introduction
[bookmark: _Ref129681832]The revised IIoT / URLLC work item description for Rel-17 [1] has enhancements for time synchronization as one of its main objectives:
	4. Enhancements for support of time synchronization:
a. RAN impacts of SA2 work on uplink time synchronization for TSN, if any. [RAN2]
b. Propagation delay compensation enhancements (including mobility issues, if any). [RAN2, RAN1, RAN3, RAN4]


This document summarizes the key issues discussed under agenda item 8.3.4 based on the views in [3][4][5][6][7][8][9][10][11][12][13][14], and aims to discuss a set of issues in RAN1#106bis-e. The agreements in past meetings are captured in the Appendix.
Remaining issues on error components
[bookmark: OLE_LINK17]There are several aspects which have impact on the timing accuracy between UE and gNB. In the previous meetings, we discussed the potential error components that would have impact on the time accuracy one by one, and achieved agreements on most of the error components as shown in the Appendix. One remaining issue is how to interpret the agreed value for BS transmit timing error.
How to interpret the agreed value for BS transmit timing error
In RAN1#103-e, we have agreed to use 65 ns to represent the BS transmit timing error for the control-to-control scenario.
Agreements:
· Take 65 ns as the assumption of transmit timing error for evaluation of the overall time synchronization error for control-to-control. 

In RAN1#104-e meeting, Nokia (R1-2100730) propose to clarify if this should be interpreted as a maximum (<) or a relative (±) value. 
	Nokia R1-2100730

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



In RAN1#104-e meeting and RAN1#104b-e, the following was proposed based on inputs from companies with the corresponding status as below:  
· errorBS,DL,TX (i.e. ±32.5 ns) is included in the equation for calculating the overall time synchronization for the control-to-control scenario.  

· Support: CATT, Nokia/NSB, Vivo, ZTE, Intel, LG, Samsung, ETRI, Huawei/HiSilicon, MTK, ZTE 
· TAE represents the relative maximum timing error between any two antenna ports (i.e. <65ns), thus 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

· Support ±65ns: OPPO (fine to follow the majority view for using 32.25ns if only one or two companies have concern)

· Strong concern: Ericsson, Qualcomm 

· 65ns defined for TAE is used to represent BS transmit timing error due to lack of better standardized values, since it is expected that transmit timing error is approximated as ±65ns.
· ±65ns is a safer assumption because there is no guarantee for the correct DL Tx timing to stay at the middle of 65ns interval
· The assumption for the previous agreements is ±65ns. 

In RAN1#106bis-e meeting, Nokia (R1-2109161) discuss this issue and propose ±32.5 ns for both TA-based PDC and RTT-based PDC.
	Nokia (R1-2109161)
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. 



Feature lead: this issue was already discussed in previous meetings, and unfortunately consensus cannot be achieved. To avoid more debate in Nov meeting based on the inputs from RAN4, it would be good if we can achieve consensus on this issue in this Oct meeting. Since both sides seem believe they are right, and seems both have some valid points, the only way I can suggest as FL is to go with the majority view. Compared to multiplying 1/2 in the equation, it seems taking 32.5 ns is better considering multiplying 1/2 may result in confusing on the meaning for each error component.  

2.1.1 First round discussion 
Based on the inputs and analysis above, the following proposal are made for further discussion. Please all companies check the discussion/analysis above to understand the reason to make these proposal before providing your views here.   

Proposal 2.1.1-1: errorBS,DL,TX (i.e. ±32.5 ns) is included in the equation for calculating the overall time synchronization for the control-to-control scenario.
	Company
	View

	OPPO
	This errorBS,DL,TX takes time reference at baseband, not antenna connector, correct? If yes, how could 32.5ns derived from TAE using reference at antenna connector apply?  

	
	



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

· Downlink frame timing error (): 
· Based on the reply from RAN4, it is already included in Te

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

[image: ]

· BS detecting error () : 
· 100 ns 

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

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

· TA adjustment accuracy (): 
· Not considered

· Indication error
· 5ns, it is already included in the network part budget.
[bookmark: OLE_LINK14][bookmark: OLE_LINK13]
Equation to calculate the overall time synchronization error over Uu interface
In RAN1#104b-e meeting, the following 4 basic steps were made for better understanding how to get the equation to calculate the overall time synchronization error over Uu interface. It is common understanding that step 1 to step 3 are applied to both TA-based PDC and RTT-based PDC.

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

[image: C:\Users\L00367611\Desktop\NR TA.bmp]

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

·  DL propagation delay estimation error, e.g.  for TA-based PDC. Note that details for  is defined in step 4 below.

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 
 

Step 4: Discuss and determine error component(s) for DL propagation delay estimation (i.e. )

For TA-based PDC, the following working assumption were achieved in RAN1#104b-e:


Working assumption:
[image: ]

In RAN1#105-e meeting, RAN1 received the LS [15] from RAN4 to inform that downlink frame timing detection error is already included in UE transmit timing error (i.e. Te defined in section 7.1.2 in TS 38.133). Thus it is clear that , so the two alternatives in above WA can be updated as below:

· Alt. 1: 

 


· Alt. 2: 



· [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] 


In RAN1#106bis-e meeting, some companies provide further views on the equations for TA-based PDC. 

	Nokia (R1-2109161)

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.



Feature lead: For whether to apply TA adjustment error or not, please check the analysis for issue 4.2-4 in section 4.2. Regarding , as discussed in section 4.3.5 for RTT-based PDC Alt.2, it is related to the discussion in section 2.1, for further discussion I would make the proposal with the removal of the whole “[]” to align the proposal in section 2.1 and section 4.3.5.    


	ZTE (R1-2108844)
Proposal 2: Both Alt. 1 and Alt. 2 can be used for further study and Alt. 2 is preferred.



Feature lead: Based on the discussions in previous meetings, it is not clear to me how to do the down-selection for TA-based PDC. My original intention is to take both, since different alternatives here reflects different assumptions, i.e. independent error components and co-related error components. If in the end we found that only with the assumption of co-related error components it can meet the budget, maybe we can provide the corresponding information to other working groups also. However, based on the discussion in RAN1#106-e, it seems people prefer to do down-selection, then let’s try again to see if any chance. Between RTT-based PDC and TA-based PDC, we may need to align the assumption when do the comparison.     

3.1.1 First round email discussion 
Based on the inputs and analysis above, the following proposal are made for further discussion. Please all companies check the discussion/analysis above to understand the reason to make these proposal before providing your views here.   

Clarifications for Alt. 2
Proposal 3.1.1-1: For Alt.2 for evaluation of the overall time synchronization error for TA-based propagation delay compensation, it is revised as below: 
· Alt. 2: 



· [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] 
· ±32.5 ns is used for

	Company
	View

	Feature lead
	@all
Please align your views among section 2.1.1, 3.1.1 and 4.3.5.

	OPPO
	If we correctly understand FL’s reasoning of “Regarding , .... it is related to the discussion in section 2.1”, FL seems to suggest two options: either use 1/2*errorBS,DL,TX for errorBS,DL,TX=65ns or use [1/2]*errorBS,DL,TX for errorBS,DL,TX=32.5ns. This is not our understanding. In our view, the coefficient of 1/2 for 1/2*errorBS,DL,TX in Alt-2 comes from the combination of corresponding error terms in both delay estimation step and delay compensation step, not depending on the value of errorBS,DL,TX.
We think the formulation for Alt-2 is 


 with errorBS,DL,TX being decided from Proposal 2.1.1-1.  

BTW, it is a bit confusing to us why RAN1 should spend too much time on this for Rel-16 (given section 3 is for Rel-16, as the section 3 title suggests). RAN1 already agreed the legacy PDC can handle smart grid scenario and no company believes the legacy PDC can meet Uu interface requirement for control-to-control scenario. To change the coefficient between 1 and 1/2 for errorBS,DL,TX does not seem to change above common understanding. It would be more time-saving and efficient to focus on formula for Rel-17, and then use the same assumption of coefficient (for errorBS,DL,TX) in Rel-16 formulation.  




Down-selection between Alt.1 and Alt.2   
Question 3.1.1-1: Which option do you prefer for the following evaluation of TA-based PDC? 
· Option 1:  Keep both Alt.1 and Alt.2 for further evaluation for TA-based PDC, and do comparison between RTT-based PDC and TA-based PDC under the same assumption  
· Option 2:  Down-select to Alt.1 for TA-based PDC
· Option 3:  Down-select to Alt.2 for TA-based PDC
  
	Company
	View

	OPPO
	We choose Option-2. 
Option-1 conflicts with agreement from RAN1 #106e for RTT based PDC, which says “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”. 
For Option-3, given the delay compensation may likely depend on referenceTimeInfo message in SIB9 (which is common to all UEs) and TA procedure is UE-specific, it is unclear to us how the gNB could coordinate TA procedure and delay compensation to make the two “close-enough” in time for all concerned UEs. In addition, we see a potential need for RAN4 to discuss the relative requirements to secure such “close-enough” assumption in RAN1, which does not seem to be an easy job for RAN4.  

	
	



Overall time synchronization error over Uu interface in Rel-16
According to the LS from RAN2, the single Uu interface budget for control-to-control scenario and smart grid scenario are as shown below: 

	Scenario
	Single Uu interface Budget

	Control-to-Control
	±145ns to ±275ns

	Smart Grid
	±795ns to ±845ns



In RAN1#104bis-e meeting, the following is agreed. Then it is clear that PDC based on existing Rel-15/Rel-16 TA procedure and associated granularity, with no enhancements in RAN1, is sufficient for smart grid, and 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. 

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.

Potential enhancements for propagation delay compensation
In RAN1#102-e meeting, the following option 1 and option 2 are agreed for further study in RAN1.
· Option 1: TA-based propagation delay
· Option 1a: Propagation delay estimation based on legacy Timing advance (potentially with enhanced TA indication granularity).

· Option 1b: Propagation delay estimation based on timing advanced enhanced for time synchronization (as 1a but with updated RAN4 requirements to TA adjustment error and Te)

· [bookmark: OLE_LINK31]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). 

Common issues for enhancements for propagation delay compensation
There are some issues that are common for both RTT-based PDC and TA-based PDC.
Issue 4.1-1: whether any additional restriction needed if Alt.2 for evaluation of the overall time synchronization error for TA-based PDC or RTT-based PDC is taken.  
As shown in the agreements achieved in previous meetings in the Appendix, 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. Nokia R1-2109161 and OPPO R1-2109097 provide some discussions. 

	Nokia (R1-2109161)

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.
[image: Diagram
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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.



	OPPO (R1-2109161)

In our view, it could be difficult in practice for gNB to always ensure the two DL transmissions to be close enough to share the same run-time DL-Rx timing error, given:
· One DL transmission is associated with the PHY/MAC-layer procedure and another DL transmission is associated with RRC signaling/procedure.  The feasibility of tight coordination between protocol layers is not clear at this time.
· To intentionally make two specific types of DL transmissions “very close to each other” indeed logically bundles the two transmissions. Then if any of two transmissions (especially the latter one) fails and the corresponding re-transmission (not necessarily HARQ re-transmission) leaves the two transmissions “not so close to each other”, the whole bundled transmission may disqualify itself and therefore need to restart as a whole.  
· There is no standardized criterion to define and measure “close-to-each-other enough” to ensure the same run-time DL-Rx timing error.   
Even if it is feasible to implement the relation of “close enough in time” of the two DL transmission for a UE, according to the existing specification, the RRC IE of ReferenceTimeInfo can be transmitted in either SIB9 or UE dedicated RRC message. For Alt-2, it could be difficult for gNB to ensure for all UEs involving in PDC that the DL transmission in TA adjustment (which is in relation to UE-dedicated DL transmission of TAC) is “close enough in time” to the UE-common SIB9. So in order to keep the same run-time DL-Rx timing error as required by Alt2, gNB needs to control which UE can use ReferenceTimeInfo in SIB9 and which UE cannot (so as to use ReferenceTimeInfo in UE-dedicated RRC signalling only).    
Proposal-1: If TA-based PDC is supported with Alt-2 error modeling, there should be a configuration per UE for whether or not the UE can use ReferenceTimeInfo in SIB9 for Rel-17 PDC.  



Feature lead: It seems different views on whether the assumption for Alt.2 is feasible or not in practice. Since this issue was discussed much in previous meetings, and we did have achieve agreements on the assumptions, it seems not good to debate again whether the assumption is feasible or not. Instead, we can discuss whether/what additional restriction/enhancement needed if Alt.2 is taken, e.g. whether the reference time clock ReferenceTimeInfo can be transmitted in SIB9 or if transmitted whether any additional configuration needed to enable or disable the usage of the reference time clock transmitted in SIB9 for a UE. More views are needed from companies.  

4.1.1 First round discussion for issue 4.1-1
Based on the inputs and analysis above for issue 4.1-1, the following proposals are made for further discussion. Please all companies check the discussion/analysis above to understand the reason to make these proposals before providing your views here.

Question 4.1.1-1: If Alt.2 for evaluation of the overall time synchronization error for TA-based PDC or RTT-based PDC is taken, which option should we take? Please provide your reasons also. 
· Option 1: The reference time clock ReferenceTimeInfo should not be transmitted in SIB9, i.e. only transmitted in UE dedicated RRC signaling.  
· Option 2: The reference time clock ReferenceTimeInfo can be transmitted in either SIB9 or UE dedicated RRC signaling,
· Option 2-1: Introduce a UE specific configuration to indicate whether to apply the ReferenceTimeInfo transmitted in SIB9 or not
· Option 2-2: UE can apply the reference time clock transmitted in SIB9 if it is received, and the reference time clock transmitted in UE dedicated RRC signaling can override the one transmitted in SIB9 

	Company
	View

	Feature lead
	The question is set based on views expressed by OPPO, more details can be seen in the above.    
For Alt-2, it could be difficult for gNB to ensure for all UEs involving in PDC that the DL transmission in TA adjustment (which is in relation to UE-dedicated DL transmission of TAC) is “close enough in time” to the UE-common SIB9
From feature lead perspective, one potential case to result in the issue as highlight in yellow above is that there might be no sufficient UE dedicated resource for all UEs to transmit the channel/signal needed for propagation delay compensation in order to ensure co-related time error component, e.g. to transmit the TA indication signaling for TA based PDC or transmit Rx-Tx time difference for RTT-based PDC, in which case the reference time clock transmitted in SIB9 might not be suitable. 
Option 2-2 above is to say by default the one transmitted in SIB9 can be applied, and if it is not suitable for some certain UEs then gNB can transmit new reference time clock information shortly in UE dedicated RRC signaling to these UEs, and these UEs can drop the one transmitted in SIB9 and use the one transmitted in UE dediated RRC signaling.  

	OPPO
	We choose Option 2-1. 

Option 2-2 could introduce more trouble for gNB. Given SIB-9 could be (semi-)periodic, Option 2-2 actually says the PDC associated with SIB-9 can also refresh/replace the PDC outcome associated with ReferenceTimeInfo in UE-dedicated RRC signaling. Then the remedy is that the gNB should send the UE-dedicated RRC signaling “immediately/shortly after” the (semi-)periodic instance of SIB9 for all UEs that need such correction. In other words, for each involved UE, such “close-enough” timing relation is required either in PHY layer or in higher layer, but it could be more difficult to implement such in higher layer.

For Option-1, does it go too far with too much signaling overhead? For RTT-based PDC, the Option-1 requires a UE-dedicated RTT indication for PD estimation followed by a UE-dedicated PD compensation for all UEs that needs clock synchronization.        




Issue 4.1-2: whether  should be included in PD estimation errors?
In RAN1#106bis-e meeting, Nokia and ZTE discuss this issue below.

	Nokia (R1-2109161)
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. 



	ZTE (R1-2108844)


For the DL propagation delay estimation error, whether  should be included in the equation for TA based propagation delay compensation is FFS. Some companies believed that it should not be included since it reflects the error between the air interface time and the timestamp provided by the RRC signaling and the error should be accounted for in the RRC related error sources (i.e. step 1). In our understanding, the timestamp is from the time clock of the network. The UE transmits the UL signal based on the downlink timing of the DL signal transmitted by the network. When the network receives the UL signal from the UE, the TA is determined based on the time clock of the network but not the air interface time of the DL signal. Therefore, the errorBS,DL,TX should be included in the DL propagation delay estimation error.

Proposal 1:   should be included in the DL propagation delay estimation error.



Feature lead: In RAN1#104bis-e, we have already agreed a WA for two alternatives about the overall time synchronization error for TA based propagation delay compensation. In RAN1#106-e, we have agreed the two alternatives for RTT-based PDC. It is not clear whether any further discussion can bring us anywhere based on the previous discussion. Considering Alt.1 for both TA-based PDC and RTT-based PDC is kind of assuming independent error components, would be fine to leave it as what agreed for Alt.1 for now, while Alt.2 assumes co-related error components thus BS transmit timing error doesn't need to be considered again for propagation delay error as agreed in the previous agreement. Therefore, I would like to deprioritize this issue for now. However, if you have any thinking or suggestion on this issue, you can provide it in the following table also.  

	Company
	View

	OPPO
	First, RAN1 #106e agreed to make a decision in RAN1 #106b-e between Alt-1 and Alt-2 for RTT-based PDC. So it will be conflicting to this agreement to have both alternatives for both TA-based PDC and RTT-based PDC at the end of this meeting. 
In our view, the interpretation of  in PD estimation is different between TA-based PDC and RTT-based PDC. 
· In TA-based PDC, the gNB intends to align DL-Tx and UL-Rx at the baseband where DFT is performed, instead of antenna connector. So  needs to refer to the error term at the reference point other than antenna connector.  is what RAN1 agreed in this case. 
· In RTT-based PDC, quite some companies assume the RTT measurement at gNB takes reference point at antenna connector. Then  with all numbers taking reference point at antenna connector. RAN4 already gives some requirement for for SRS-based RTT measurement. Once  is given, it does not matter to the overall evaluation result whether  or not. In fact, it is a bit strange to say “Alt.2 assumes co-related error components thus BS transmit timing error doesn't need to be considered again for propagation delay error”  because the following two conditions cannot be assumed at the same time: 
· A (e.g., for PD estimation) and B (e.g.,  for PD compensation) take different measurement reference points.
· A and B can be highly correlated, even with one fully cancelling another.   
So we suggest not to put this issue as “common issue” in section 4.1, if  in PD estimation step may take different reference points anyway between TA-based PDC and RTT-based PDC .    

	
	



TA-based propagation delay compensation
The following agreement was achieved in RAN1#106-e:
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/2)) 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.

In the RAN#93-e meeting, the following was concluded.

	conclusion: For the objective on enhancements for support of time synchronization, RAN should provide the following guidance:
	- RAN4 to provide reply LS to RAN1 (e.g. in response to R1-2108635 on TA-based PDC and a potential RAN1 LS on RTT-based PDC) before the start of RAN1#107-e (Nov 11th)



Based on contributions, the following issue can be discussed.
Issue 4.2-1: Whether any additional work needed in RAN1 to support enhanced Te?

	OPPO (R1-2109097)

Because the RAN1 analysis assumes no further enhancements on gNB-side parameters  and , Alt.2-2 may result in two solution directions: 
· If TA granularity is not to be changed, . It is then expected to introduce a lot of discussion in RAN4 to specify a Te that is smaller than 1/3 of existing value and even smaller than existing RAN4 parameters Tp, Tq and TA adjustment accuracy (defined in 7.3.2.2 in 38.133). The work in RAN1 for DL-Rx synchronization enhancement is also required. A back-and-forth coordination between RAN1 and RAN4 is likely necessary to make this work done, which however does not seem to be feasible based on RAN1/RAN4 timeline for Rel-17.  



Feature lead: It is expected that enhanced Te would be based on TRS instead of SSB. OPPO express that the work in RAN1 for DL-Rx synchronization enhancements is also required if enhanced Te is supported. Since we don’t have much time left, it would be good to identify whether any potential additional RAN1 work needed as early as possible. Therefore, the following question is set for further discussion. 

4.2.1 First round discussion for issue 4.2-1
Based on the inputs and analysis above for issue 4.2-1, the following proposals are made for further discussion. Please all companies check the discussion/analysis above to understand the reason to make these proposals/questions before providing your views here.


Question 4.2.1-1: For enhanced TA-based PDC if supported, any additional RAN1 work needed to support enhanced Te based on TRS, e.g. configuration of TRS/SRS for TA-based PDC?  
	Company
	View

	Feature lead
	My original understanding is that the main work for enhanced Te is in RAN4. From RAN1 perspective, gNB has to ensure that TRS and SRS with sufficient bandwidth is available for propagation delay estimation, which can be achieved by gNB implementation. Companies are encouraged to check and provide views whether any additional work needed in RAN1.
@ OPPO
Please explain more on the potential RAN1 work regarding “The work in RAN1 for DL-Rx synchronization enhancements is also required”. 

	OPPO
	RAN1 only agreed TRS/PRS based PD estimation for RTT-based PDC. Nothing is in place to enhance DL-RX timing error for TA-based PDC. We see at least two issues that may need RAN1 discussion: 
· The RTT interval measured at UE side for PDC purpose should be based on enhanced solution, e.g., based on TRS/PRS etc, to echo reduced Te. This should be a new discussion from scratch. Meanwhile, for TA-based PDC, the measurement errors on UE side is assumed to take reference at baseband (where TA applies), so RAN4 needs to give performance requirement taking this time reference (corresponding to PRS/TRS), instead of the ones for RTT-based PDC.  
· The current RAN4 spec links the most reliable TA interval measurement at UE side (where Te applies) to the last TA command received by the UE (38.133 says “[image: ] (in Tc units) for other channels is the difference between UE transmission timing and the downlink timing immediately after when the last timing advance in clause 7.3 was applied” ). Then, RAN1 needs to discuss the relationship between TA command received on the DL and TRS/PRS that is also received on the DL, and this RAN1 discussion may need RAN4 input.    




Issue 4.2-2: Whether the normal TA procedure is impacted or not by the new procedure introduced for enhanced TA-based PDC?
In previous meetings, there was some discussion whether to the normal TA related procedure will be impacted by the potential new procedure for TA-based PDC, but no formal discussion. 

	OPPO (R1-2109097)

· If TA granularity is to be reduced, a fair assumption is to cut TA granularity by half. Then . This means both Te and TA granularity should be reduced.   It should be noted that the change of TA command granularity may have impacts to TA command bit width (to maintain the same value range) as well as the applicability to TAG, which may involve specification modifications in RAN1/RAN2/RAN4.  



	Huawei (R1-2109743)

Assuming TA-based PDC is used, if the TA-procedure is impacted, then it means that the UE can also adjust its uplink timing based on the new TA value which is intended for PDC. From uplink transmission performance perspective, it is beneficial since the TA value for PDC is more accurate. However based on current RAN4 spec, the UE can adjust the uplink timing with a relative accuracy to the signaled timing advance value. If the UE can also adjust uplink timing according to the new TA value e.g. Tc, then it is not clear whether the timing advance adjustment accuracy defined in RAN4 also needs to be satisfied or not. If the TA-procedure is not impacted, then the uplink timing adjustment is the same as Rel-16 which is simple. And another option maybe to leave it to the UE’s implementation since anyway the PDC will be compensated no matter TA-procedure is impacted or not.

Observation 5: For TA-based propagation delay compensation, it seems feasible to leave it to UE implementation about whether normal TA related procedure is impacted or not by the new procedure designed for TA-based PDC if supported.



Feature lead:
It seems good to have some discussion on this issue, since it may have impact on RAN2 design. 

4.2.2 First round discussion for issue 4.2-2
Based on the inputs and analysis above for issue 4.2-2, the following proposals are made for further discussion. Please all companies check the discussion/analysis above to understand the reason to make these proposals/questions before providing your views here.

Question 4.2.2-1: For enhanced TA-based PDC if supported, which option do you prefer? Please provide your reasons. If you have a different option, please provide it here also.  
· Option 1: The enhanced TA command indication granularity introduced for enhanced PDC is only applied for PDC, i.e. normal TA procedure will still follow the existing TA command indication granularity. 
· Option 2: The enhanced TA command indication granularity introduced for enhanced PDC is also applied to normal TA procedure, if UE reports the capability to support enhanced TA-based PDC
· FFS whether TA adjustment error need to be enhanced or not
· FFS the detailed RAN1 specification impact    

	Company
	View

	OPPO
	Not sure how this Q&A can help progress in RAN1, if the applicability of enhanced TA command granularity relates to RAN4 judgment of “whether the timing advance adjustment accuracy defined in RAN4 also needs to be satisfied or not”, as Huawei mentioned. Further, our concern on TA command bit width still applies to both options.
For the two options themselves, we may need more information for decision, such as whether the UE needs to be ready at any time to handle two different TA command granularities (and therefore two associated TA procedures in parallel) or the UE is ensured to just handle one granularity with one TA procedure.    

	
	



Issue 4.2-3: Whether to apply enhanced values for BS detecting error and DL frame timing error for enhanced TA-based PDC.

In the previous meetings, the following agreements were made:

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

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




Feature lead: It is expected that the above value is mainly for Rel-16 TA-based PDC. If other RS is available for TA-based PDC, e.g. TRS for evaluating downlink frame timing detection error and SRS for BS detecting error, it can be expected that larger bandwidth of RS can be used to achieve smaller detecting error. As given in Ericsson paper R1-2108833, in general the minimum timing detection error = 0.5/(RS BW) = 0.5/(24*12*SCS), which a value in theory and seems the common understanding in RAN4. For example, for downlink frame timing error, if 100 MHz RS bandwidth is assumed, then = ±23 ns. For enhanced TA-based PDC, if Te is improved with TRS with larger bandwidth, the accordingly the BS detection error and UE downlink frame timing error can be enhanced according also. For fair comparison with RTT-based PDC, same value of  and  should be used.      

4.2.3 First round discussion for issue 4.2-3
Based on the inputs and analysis above for issue 4.2-3, the following proposals are made for further discussion. Please all companies check the discussion/analysis above to understand the reason to make these proposals/questions before providing your views here.

Proposal 4.2.3-1: For enhanced TA-based PDC and RTT-based PDC, the equation minimum timing detection error = 0.5/(RS BW) = 0.5/(24*12*SCS) is used to achieve  and , if need to be considered separately.
	Company
	View

	OPPO
	Issue 4.2-3 is called “Whether to apply enhanced values for BS detecting error and DL frame timing error for enhanced TA-based PDC”, but the proposed formula of “error = 0.5/(RS BW) = 0.5/(24*12*SCS)” gives 116ns for SCS=15kHz, even larger than 100ns that is currently assumed. So is this an enhancement or an argument against existing RAN1 assumption?  
It does not seem to be the case that the proposed formula is used in RAN4 to decide Rx-to-Tx measurement performance. For example, 38.133 says following for PRS-based Rx-to-Tx measurement in AWGN. It basically says the overall error of RTT measurement (including both Rx error and Tx error) can be around 40ns for 24RB of PRS, which is much smaller than the “minimum” value given by the proposed formula. 
	Accuracy
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Issue 4.2-4: Whether we need to use timing advance adjustment accuracy instead of Te for the evaluation of TA-based PDC?
We already reached the following agreements below.
RAN1#102-e
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:
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#103-e
Agreements:
TA adjustment accuracy is not considered for the evaluation of time synchronization error. 

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 is 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.

In RAN1#106b-e meeting, Nokia (R1-2109161) propose to use TA adjustment error instead of Te for evaluation, because based on RAN1#104-bis agreement the UE may acquire an up-to-data PD estimation after waking up from DRX.

Feature lead: 
This is related to the interpretation about the RAN4 spec highlight in yellow below. Nokia think that Te only applies for the first UL transmission after the UE has been in DRX and before receiving an up to date NTA, while some other companies think that Te applies to any UL transmission (and not only the first one after DRX). It seems difficult to achieve consensus in RAN1 based on the previous experience. 

	7.1.2.1	Gradual timing adjustment
Requirements in this section shall apply regardless of whether the reference cell is on a carrier frequency subject to CCA or not. 
When the transmission timing error between the UE and the reference timing exceeds Te then the UE is required to adjust its timing to within Te. The reference timing shall be [image: ] before the downlink timing of the reference cell. All adjustments made to the UE uplink timing shall follow these rules:
1)	The maximum amount of the magnitude of the timing change in one adjustment shall be Tq.
2)	The minimum aggregate adjustment rate shall be Tp per second.
3)	The maximum aggregate adjustment rate shall be Tq per 200 ms.
	where the maximum autonomous time adjustment step Tq and the aggregate adjustment rate Tp are specified in Table 7.1.2.1-1.
Table 7.1.2.1-1: Tq Maximum Autonomous Time Adjustment Step and Tp Minimum Aggregate Adjustment rate
	Frequency Range
	SCS of uplink signals (kHz)
	Tq
	Tp 

	1
	15
	5.5*64*Tc
	5.5*64*Tc

	
	30
	5.5*64*Tc
	5.5*64*Tc

	
	60
	5.5*64*Tc
	5.5*64*Tc

	2
	60
	2.5*64*Tc
	2.5*64*Tc

	
	120
	2.5*64*Tc
	2.5*64*Tc

	NOTE:	Tc is the basic timing unit defined in TS 38.211 [6]






Considering that we have sent LS to RAN4 asking for checking the feasibility on enhanced Te and TA indication granularity, it would be good not to debate more later whether the enhanced Te should be used or not in Nov meeting based on inputs from RAN4, therefore it would be good for us to address the issue in Oct meeting, or if no consensus can be achieved we may have to require RAN4 again, which is not preferred considering we already requested RAN4 to do much work in one meeting already. 

On the other hand, even we go to the interpretation from Nokia, it means that sometimes Te is used while some other time TA adjustment error will be used. Since Te is larger than TA adjustment error at least according to the current values, it seems ok to only check the case with utilization of Te. Therefore, a proposed conclusion in section 4.2.4 is given below for further discussion. 
         

4.2.4 First round discussion for issue 4.2-4
Based on the inputs and analysis above for issue 4.2-4, the following proposals are made for further discussion. Please all companies check the discussion/analysis above to understand the reason to make these proposals/questions before providing your views here.

Potential conclusion: When evaluating enhanced TA-based PDC, there is no need to replace Te by TA adjustment error.
	Company
	View

	OPPO
	Ok to the proposed conclusion. 

	
	



Issue 4.2-5: Evaluation on the achievable time synchronization accuracy for enhanced TA-based PDC
A few contributions provide views on enhanced TA-based PDC, but most companies didn’t provide analysis on it since we are still waiting for inputs from RAN4. For easier comparison between TA-based PDC and RTT-based PDC, the required enhanced Te and TA command indication granularity as summarized in feature lead summary R1-2108634 based on the evaluations from companies submitted to RAN1#106-e meeting is copied here again, for easier potential comparison between TA-based PDC and RTT-based PDC. 
Based on the table below, it can be seen that if Te and/or TA command indication granularity can be reduced, there is some chance that TA-based PDC can meet the budget for control-to-control scenarios, of course depending on how much Te and TA command indication granularity can be reduced, which needs inputs from RAN4.
Note that the values in the table here assumes no enhancements for BS uplink detection error, if it can be enhanced also as discussed in section 4.2.3, then the required Te can even be smaller.       
Table Sum of Te and error from TA indication granularity for TA-based PDC to meet the single Uu interface budget 
	
	

	
	±275 ns single Uu interface budget
	±145 ns single Uu interface budget

	Equation Alt. 1
	~55 ns
e.g. (1/10)*Te + (1/2)*(1/16)* (16*64*Tc/2)
	N/A

	Equation Alt. 2-1
	~320 ns
e.g. (4/5)*Te + (1/2)*(1/16)* (16*64*Tc/2)
	~60 ns
e.g. (1/10)*Te + (1/2)*(1/16)* (16*64*Tc/2)

	Equation Alt. 2-2
	~385 ns
e.g. (9/10)*Te + (1/2)*(1/16)* (16*64*Tc/2)
	~125 ns
e.g. (1/4)*Te + (1/2)*(1/16)* (16*64*Tc/2)

	Note:
(1/2)*(1/16)* (16*64*Tc/2) is used here for  because it is assumed that at least the existing work in Release-16 for IAB for Timing Delta MAC CE can be reused, which can achieve 64*Tc for FR1 for the indicating granularity.




[bookmark: OLE_LINK32]RTT based propagation delay compensation
[bookmark: _Ref124671424][bookmark: _Ref124589665][bookmark: _Ref71620620]This section will discuss some key issues for RTT-based propagation delay compensation.

Issue 4.3-1: TRS/PRS and SRS configuration
In RAN1#106-e meeting, the following agreements related to TRS and SRS configuration were achieved: 
	
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




In RAN1#106b-e meeting, some companies have discussions on configurations. 
	Intel (R1-2109608)
· Whether to consider multiple SRS / CSI-RS / PRS configurations
· Single configuration should be enough in most of the cases since RTT measurement is only performed with the serving cell. However, multi-beam FR2 scenarios may need to be taken into account, which can motivate e.g., two different configurations.
Proposal 3
· For RTT-based scheme,
· At most two configurations of CSI-RS can be provided to a UE for UE Rx-Tx time difference measurement
· At most two configurations of SRS can be provided to a UE for gNB Rx-Tx time difference measurement
· Rx-Tx time difference reporting granularity is reused from positioning



Feature lead: Agree that more than one configuration may be beneficial for FR2 scenarios. However, to enable the basic support of enhanced PDC method, as several companies mentioned that one configuration should be sufficient. Considering we don't have much time left for Rel-17, and the most important thing is to enable some enhanced PDC method in Rel-17, I would recommend to only support one configuration in Rel-17.  

	Nokia (R1-2109161)
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. 
[image: Chart, line chart
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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.



Feature lead: Similar as my comment to Intel proposal, I would recommend to only support one configuration in Rel-17, i.e. a single pair of CSI-RS/PRS and SRS configuration for PDC in Rel-17. In which case it makes sense to assume the latest CSI-RS/PRS and SRS transmission event of a pair of CSI-RS/PRS and SRS configuration is used, to avoid the ambiguity on which CSI-RS/PRS transmission event and SRS transmission event is used, and to also ensure the same DL signal and UL signal pair to obtain Rx-Tx time difference as proposed by ZTE and OPPO.  

	CATT (R1-2109219)
It was agreed in RAN1#106-e meeting that 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 and FFS whether to include SRS-Resource-ID. In our view, SRS-Resource-ID should be included in the Rx-Tx measurement report provided from the gNB to the UE in order to pair the SRS and TRS (PRS) for a gNB Rx-Tx time difference. In addition, it is also beneficial for mitigating the Rx/Tx timing errors.
Proposal: The Rx-Tx measurement report provided from the gNB includes SRS-Resource-ID.



Feature lead: As commented to Intel and Nokia above, if only one configuration is configured specifically for PDC, then seems there is no need to include SRS-Resource-ID in the report.

	ZTE (R1-2110397)
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.



Feature lead: As my comment to Nokia above, if we only support one single pair of CSI-RS/PRS and SRS configuration for PDC in Rel-17, and assume the latest CSI-RS/PRS and SRS transmission event of the pair of CSI-RS/PRS and SRS configuration to use at both gNB side and UE side, it should be able to ensure same DL signal and UL signal pair to obtain Rx-Tx time difference.   

	OPPO (R1-2109097)
There are two options to deal with the error term of : 
· Option-1: Keep the RTT measurements in gNB and UE as inconsistent as shown in Figure 1, and meanwhile compensate the error of ∆ into one-way propagation delay estimation, i.e., . In case the delay estimation is made on UE side, UE needs to know when the gNB measures the RTT (while the gNB does not need to know when UE measures the RTT). On the other hand, this option requires UE to count the change of UL-Tx timing between the two RTT measurements, which is anyhow subject to an additional error range such as Te or Tq. Therefore Option-1 is not a viable solution to completely remove effect of ∆. 
· Option-2:  Keep the RTT measurements in gNB and UE as consistent as shown in Figure 2, where the two RTT measurements in gNB and UE are based on the same pair of uplink subframe containing the SRS and the downlink subframe containing the PRS/CSIRS. In this option, gNB and UE need to have the common understanding on how to pick the pair of downlink subframe and uplink subframe in interest, which should be a FFS point. The one-way delay estimation in Option-2 is irrelevant to how UL-Tx timing is changed over time and therefore is not impacted by ∆. This option assumes the RTT error performances determined in RAN4 still apply to the RTT measurements shown in Figure 2. 
[image: fig2.png]
[bookmark: _Ref83938585]Figure 2 Consistent RTT measurements to completely remove effect of ∆
Proposal-2: If RTT-based PDC is supported, the RTT measurements in gNB and UE are based on the same pair of uplink subframe and downlink subframe that may have the different subframe indices. 



Feature lead: As my comment to Nokia above, if we only support one single pair of CSI-RS/PRS and SRS configuration for PDC in Rel-17, and assume the latest CSI-RS/PRS and SRS transmission event of the pair of CSI-RS/PRS and SRS configuration to use at both gNB side and UE side, it should be able to ensure same pair of uplink subframe and downlink subframe to obtain Rx-Tx time difference.  

4.3.1 First round discussion for issue 4.3-1
Based on the inputs and analysis above for issue 4.3-1, the following proposals are made for further discussion. Please all companies check the discussion/analysis above to understand the reason to make these proposals before providing your views here.   

Proposal 4.3.1-1: 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.  
	Company
	View

	OPPO
	We are fine to the proposal.  

	
	



Proposal 4.3.1-2: For one pair of CSI-RS for tracking (TRS)/PRS and SRS configuration, UE/gNB may assume that the latest CSI-RS for tracking (TRS)/PRS and SRS transmission event is used for RTT measurement. 
	Company
	View

	OPPO
	We support the same pairing of DL-RS and UL-RS for RTT measurements in both gNB and UE. But how to pair may need more discussion. The questions in interests at least include:
· How to define “latest”? the last event before gNB sending TA command or before gNB/UE sending RTT indication?
· Due to different periodicity of TRS/PRS and SRS (SRS could be aperiodic?), the time interval between the latest TRS/PRS and the latest SRS could be large – should this be a concern for MAC-CE design (for RTT indication)?     

	
	



Issue 4.3-2: UE/gNB Rx – Tx time difference definition for RTT-based PDC
The current definition for UE Rx-Tx time difference and gNB Rx-Tx time difference defined in TS 38.215 for positioning is shown below.
	
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.






In RAN1#106bis-e meeting, Ericsson propose to reuse the current definition with updates to the DL RS and UL RS description for RTT-based PDC. 
	Ericsson (R1-2108833)
Specifically, the yellow highlight sentence for UE Rx – Tx time difference need to be updated to include TRS, and the yellow highlight sentence for UE Rx – Tx time difference need to be updated to include SRS for propagation delay compensation.
In terms of the reference point for measurements, the existing definition should be used, e.g., Rx antenna connector, Tx antenna connector. The reference point cannot be baseband. For example, in the latest RAN4 discussion of reference point for Te, it was agreed to include ‘antenna’ in the Te definition (see R4-2115371). 
[bookmark: _Toc84024572]Existing definitions of UE Rx – Tx time difference and gNB Rx – Tx time difference are reused with updates to the DL RS and UL RS description.

TS 38.215 V16.4.0:
	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




	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.






Feature lead: It makes sense to reuse the current definition with necessary modification. According to the agreements achieved in RAN1#106-e, 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. And SRS can also be used for RTT-based PDC. In addition, per the analysis and proposals in section 4.3.1, there will be only one configuration is configured for PDC. Therefore, proposal 4.3.2-1 in section 4.3.2 below is made accordingly for further discussion.  
	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
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.



[bookmark: OLE_LINK37][bookmark: OLE_LINK36]4.3.2 First round discussion for issue 4.3-2
Based on the inputs and analysis above for issue 4.3-2, the following proposals are made for further discussion. Please all companies check the discussion/analysis above to understand the reason to make these proposals before providing your views here.

Proposal 4.3.2-1: For RTT-based PDC, existing definitions of UE Rx – Tx time difference (i.e. section 5.1.30 in TS 38.215) and gNB Rx – Tx time difference (i.e. section 5.2.3 in TS 38.215) are reused with updates below, if RTT-based PDC is supported.
· “Multiple DL PRS resources can be used to determine the start of one subframe of the first arrival path of the TP” is changed to “One DL PRS resource or one CSI-RS for tracking resource for propagation delay compensation can be used to determine the start of one subframe of the first arrival path of the TP”.
· “Multiple SRS resources for positioning can be used to determine the start of one subframe containing SRS” is changed to “One SRS resource for propagation delay compensation can be used to determine the start of one subframe containing SRS”. 

	Company
	View

	OPPO
	No, the existing definition of Rx-Tx time difference cannot be reused if Proposal 4.3.1-2 is intended for agreement. Some modifications additional to RS configuration are needed.  
The existing Rx-Tx time measurement definition uses the relation of “that is closest in time” in establishment of DL subframe and UL subframe in each RTT measurement. This may no longer to true if Proposal 4.3.1-2 is taken. For example, in UE-side RTT measurement based on DL PRS/TRS in DL subframe i, the existing RTT measurement use a UL subframe #j that is “closest in time to subframe i” which means the time distance between the two starting edges of DL subframe and UL subframe is closest and less than one subframe; in contrast, with Proposal 4.3.1-2, the UL subframe j has to be the one containing SRS and not necessarily the one closest in time (taking into account that PRS/TRS could be UE-common and SRS is UE-specific) -- consequently, the time distance between the two starting edges of DL subframe and UL subframe can be multiple subframes. To be more specific, the existing RTT measurement is given in figure below:
[image: ]
The new RTT measurement matching proposal 4.3.1-2 is given in figure below:
[image: ]
This proposal is better to be discussed together with Proposal 4.3.1-1.

	
	



Issue 4.3-3: UE Rx – Tx time difference and gNB Rx – Tx time difference measurements accuracies for RTT-based PDC

In RAN1#106e, the following agreement was made.
	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



Feature lead: In theory, RAN4 will define these only if RTT-based PDC is agreed, thus the original intention is to send LS to RAN4 after RAN1 makes the decision to support RTT-based PDC. However, based on the previous discussions and the contributions submitted to RAN1#106b-e, it seems some companies have concern on RTT-based PDC with Alt.1 for error model, since there are no values ready to evaluate whether it can be able to meet the budget or not. Meanwhile some other companies assumes that the values defined for positioning in TS 38.133 can be taken as reference. From feature lead perspective, in theory I think it is fine to take the values for positioning for evaluation purpose, since it is expected that the rough range of the values should be similar regardless of being based on TRS or PRS. Of course, in the end if we agree to support RTT-based PDC, RAN4 would need to evaluate and provide more accurate values for PDC again. Therefore, I made the proposals as in section 4.3.3 for further discussion. If there is still concern to use, we may need to send LS to RAN4 to check the feasibility to use those values for evaluation before making decision whether to support RTT-based PDC.    

4.3.3 First round discussion for issue 4.3-3
Based on the inputs and analysis above for issue 4.3-3, the following proposals are made for further discussion. Please all companies check the discussion/analysis above to understand the reason to make these proposals before providing your views here.

Proposal 4.3.3-1: For evaluation of the overall time synchronization error for RTT-based propagation delay compensation with Alt.1, it is assumed that 
· The UE Rx-Tx time difference measurement accuracy based on PRS defined in Table 10.1.25.2-2 in TS 38.133 is taken as the reference for the UE Rx-Tx time difference measurement accuracy based on TRS, assuming similar configuration parameters as those of PRS (e.g., minimum bandwidth, SCS, repetition, Io range) are applied to TRS
· The gNB Rx-Tx time difference accuracy based on SRS for positioning defined in Table 13.2.2.2-1 in TS 38.133 is taken as the reference for the gNB Rx-Tx time difference accuracy based on SRS for PDC, assuming similar parameters as the SRS for positioning (e.g., SRS Ês/Iot, SRS bandwidth) are applied to SRS for PDC
    
	Company
	View

	OPPO
	We are fine to use the mentioned RAN4 references for PRS and SRS, but would like to point out the proposal would make the overall error budget SINR-dependent, which is not the case for other PDC solutions. 
For TRS, is there any analysis to backup the statement of “assuming similar configuration parameters as those of PRS (e.g., minimum bandwidth, SCS, repetition, Io range) are applied to TRS”? 

	
	



Issue 4.3-4: Rx-Tx time difference measurement report signaling
In RAN1#106-e meeting, the following agreements related to Rx-Tx measurement report was achieved: 
	
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




Intel provides some discussion on this: 
	Intel (R1-2109608)
In summary, at this point there seems no evidence to adopt only one of the options, and we expect RAN1 to work on specification of the following features for the most flexible operation:
· Component 1: Support of gNB-based pre-compensation and/or UE-based compensation transparent to propagation delay calculation scheme.
· In case of pre-compensation, the reference time information is modified by gNB to include the necessary adjustment and to indicate to the UE that no other compensation is required.
· In case of UE-based compensation, the reference time information is not modified by gNB, and gNB indicates to the UE that UE-side compensation is required.
· Component 2: Measurement and indication to gNB of the UE Rx-Tx time difference based on DL signals provided outside of LPP.
· Component 3: Measurement and indication to UE of the gNB Rx-Tx time difference based on UL signals provided outside of LPP.
· For reporting, L1 or L2/L3 group-common signaling may be employed to avoid excessive overhead from unicast messages to UEs with similar PD.
Once all components are defined, then network can have freedom to implement one of the suitable options, e.g., RTT-based pre-compensation at the gNB, non RTT-based pre-compensation at the gNB, RTT-based compensation at the UE, non RTT-based compensation at the UE, etc.
As per agreements, the decision on whether to support UE-based compensation or gNB-based pre-compensation is left to RAN2. Taking this into account, the following proposal is formulated:

Proposal 1
· RAN1 to agree to specify the following components to enable flexible propagation delay compensation scheme:
· Component 1: Support of gNB-based pre-compensation and UE-based compensation (up to RAN2) transparent to propagation delay calculation scheme;
· Component 2: Non-LPP measurement and indication to gNB of the UE Rx-Tx time difference based on DL signals;
· Component 3: Non-LPP measurement and indication to UE of the gNB Rx-Tx time difference based on UL signals.

Proposal 2
· For RTT-based UE side compensation, the gNB Rx-Tx time difference measurement is indicated to UE(s) using L1 group-common DCI signaling,
· FFS details




Feature lead: According to agreement achieved in RAN2#115e as below, it seems RAN2 wants to have input from RAN1 on the measurement framework for gNB based RTT-based PDC also, before they make decision on whether to support UE-side PDC or gNB based pre-compensation. Therefore, a few proposes and questions are set accordingly for further discussion. 
	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 



4.3.4 First round discussion for issue 4.3-4
Based on the inputs and analysis above for issue 4.3-4, the following proposals are made for further discussion. Please all companies check the discussion/analysis above to understand the reason to make these proposals before providing your views here.

Proposal 4.3.4-1: 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

	Company
	View

	OPPO
	We are fine with the proposal. 

	
	



Proposal 4.3.4-2: If RTT-based propagation delay compensation is supported, the Rx-Tx time difference is reported with similar granularity for Rx-Tx time difference reporting for positioning. 
	Company
	View

	OPPO
	The proposal is vague in using word of “similar granularity”. As we mentioned before, the RTT indication granularity should be determined in RAN4. 
What RAN1 may take interest is: whether the Rx-Tx time difference report should use MAC-CE or RRC? This should be decided first before talking about granularity. 

	
	



Issue 4.3-5: Equation to calculate the overall time synchronization error over Uu interface for RTT-based PDC

In RAN1#106-e meeting, two alternatives were agreed for the total error equation for RTT-based PDC, and RAN1 to select one of the alternatives in RAN1#106bis-e.
	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



Inconsistent RTT measurement in gNB and UE for RTT-based PDC
In RAN1#106-e meeting, there is an FFS whether / how to handle inconsistent RTT measurement in gNB and UE due a change of uplink TX timing below. 
In RAN1#106bis-e meeting, some companies show views for this below.
	OPPO (R1-2109097)

[image: fig1.png]
Figure 1 RTT-based one-way propagation delay estimation with inconsistent RTT measurements
Figure 1 shows the current principle of RTT-based one-way propagation delay estimation. Assume the delay estimation is performed on UE side. Because the RTT measurement on gNB side and RTT measurement on UE side are not coordinated with each other and the UE does not even know when gNB measures its RTT, there is a chance for UL-Tx timing to be changed, due to either TA command from gNB or autonomous adjustment by UE itself, between the RTT measurement on gNB side and RTT measurement on UE side. Assume such UL-Tx timing change results in a RTT interval change on UE side, from  to , as shown in Figure 1. Then the one-way propagation delay is estimated as following, including an error term of : 

Therefore, the overall error of RTT-based PDC is: 

where:
·  is the DL-Tx timing error. RAN1 agrees to assume it as 65ns.
·  is the DL-Rx timing detection error. RAN1 agrees to assume it as 100ns.
·  is the RTT measurement error on gNB side. RAN4 allows it being as large as 117Tc or 59.5ns, under specific assumptions of SINR and PRS bandwidth. 
·  is the RTT measurement error on UE side. RAN4 allows it being as large as 180Tc or 91.6ns, under specific assumptions of SINR and PRS bandwidth.
·  is the RTT indication error. The value is supposed to be determined by RAN4. If the granularity in IAB Tdelta MAC-CE is reused, it is 32Tc or 16.3ns. 
· ∆ is the accumulated change of UL-Tx timing relative to DL-Rx timing in UE. For a change caused by TA command,   can be as small as TA granularity, i.e., 16*64Tc or 520.8ns; for a change caused by UE autonomous change of UL-Tx timing,  can be as large as  or 179ns, which is defined in 38.133. It can be seem the contribution from ∆ ranks on the top among all error components.  
The total RTT-based PDC error is 248.7ns if error term of  can be avoided; otherwise, the total RTT-based PDC error could be 345ns if only UE autonomous UL-Tx timing change is taken into account. If the error term  can be generated by TA command, the total RTT-based PDC error could be 509ns. 
Observation-3: In order to make RTT-based PDC to meet RAN2 Uu interface error budget, the error term of  caused by change of UL-Tx timing between two RTT measurements in gNB and UE has to be avoided. 



	Nokia (R1-2109161)
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.



	Huawei (R1-2109743)
In the RAN1#106-e agreements, there is an FFS whether / how to handle inconsistent RTT measurement in gNB and UE due to a change of the uplink TX timing. We noticed that in TS38.133 it is defined that the UE Rx-Tx time difference measurement accuracy is not applied if the uplink transmission timing changes during the UE Rx-Tx measurement period due to the network-configured Timing Advance, and FFS whether the accuracy still apply if the uplink transmission timing changes due to the autonomous timing adjustment. The corresponding description in TS 38.133 is copied below. From the gNB perspective, the gNB should not update Timing Advance during the UE Rx-Tx measurement period for RTT-based PDC. Similar at the UE side, UE may be able to avoid the autonomous timing adjustment also if it matters. Thus, the inconsistent measurement can be avoided by gNB/UE’s implementation.
	TS38.133-g80
1.1.1.1 10.1.25.2	 Measurement Accuracy Requirements
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.



Observation 3: It can be gNB/UE’s implementation to handle inconsistent RTT measurement in gNB and UE due to a change of uplink TX timing for RTT-based PDC if supported in Rel-17.



	Intel (R1-2109068)
· Whether / how to handle inconsistent RTT measurement in gNB and UE due to change of uplink TX timing
· It seems a baseline to assume that the change in uplink TX timing is not expected when RTT procedure is being performed
· Alternatively, gNB may request a UE to defer TX timing adjustments until RTT measurement procedure is completed



Feature lead: It seems companies think either there is no inconsistent RTT measurement issue, or if the inconsistent exist it should be avoided by some other way. In addition, as discussed in section 4.3.1, if the proposals in section 4.3.1 is agreed, it seems the inconsistent RTT measurement issue is not there or can be avoided. Therefore, I made a potential conclusion 4.3.5-1 as in section 4.3.5 for further discussion.    

Clarifications for Alt. 1
ZTE proposes to discuss whether UE downlink detection error and/or UE transmitting time error have been taken into account when defining the UE Rx-Tx time difference measurement accuracy and whether BS transmitting time error and/or BS uplink detection error have been taken into account when defining gNB Rx-Tx time difference measurement accuracy before down-select. If no consensus, then an LS can be sent to RAN4.
	ZTE (R1-2110397)
Proposal 4: RAN1 should discuss and achieve a consensus on the details of gNB/UE Rx-Tx time difference measurement accuracy before further adopting Alt. 1 for evaluation.
Proposal 5: If RAN1 cannot make a consensus, an LS can be sent to RAN4 for clarification on the Rx-Tx time difference measurement accuracy with the following questions.
· Question 1: Whether UE downlink detection error and/or UE transmitting time error have been taken into account when defining the UE Rx-Tx time difference measurement accuracy and whether BS transmitting time error and/or BS uplink detection error have been taken into account when defining gNB Rx-Tx time difference measurement accuracy?
· Question 2: Is there any other error components needed to be considered in addition to , , , if gNB Rx-Tx time difference and UE Rx-Tx time difference are used to calculate the DL propagation delay with the assumption of the same DL and UL propagation delay, where  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.


Feature lead：This issue was discussed in RAN1#106-e meeting also. Firstly, Rx – Tx time difference is defined by the first detected path as given in TS 38.215, therefore it is expected that the measurement inaccuracy defined in TS 38.133 should have taken  and  into account, respectively. Secondly, according to the definition of Rx – Tx time difference as given in TS 38.215, the reference point for transmit measurement is antenna connector, thus in this case it seems  and  don’t need to be considered. However, as defined in TS 38.133 section 13.2.2.1 for gNB Rx-Tx time difference measurement and section 10.1.25.2 for UE Rx-Tx time difference measurement, it can be expected that if these error components really need to be considered, it can be reflected by the margin Y for gNB Rx-Tx time different measurement and the margin   for UE Rx-Tx time difference measurement. Note that Y is very likely reported by companies and it seems RAN4 is discussing the value for . Potential conclusion 4.3.5-2 in section 4.3.5 is made for further discussion. 
	TS 38.133 section 13.2.2.2

13.2.2.2	Requirements
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.



	TS 38.133 section 10.1.25.2

10.1.25.2	Measurement Accuracy Requirements
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.




Clarifications for Alt. 2
Feature lead: From the agreements, it can be seen that two parts of Alt.2 is still in brackets. Based on the views in the contribution and also the previous discussions, it is not clear to me how to achieve consensus on the brackets, the views are still very divergent. As to “[]”, I think it is related to the proposal in section 2.1, for further discussion I would make the proposal with the removal of the whole “[]” to align the proposal in section 2.1. As to , it is obvious that still there are diverse views. Considering that for Alt.1, we leave the room for companies to consider  by the margin  , probably here we can compromise to keep  also, and it can be combined with  to go for Te, which means whatever Te is enhanced for TA-based PDC, the corresponding Te can be used here for Alt.2 for RTT-based PDC. Note that it is expected that Alt.2 would provide better performance since it is assumed co-related error components, similar as Alt.2 for TA-based PDC. I made proposal 4.3.5-1 in section 4.3.5 for further discussion.          

Down-selection between Alt.1 and Alt.2   
Based on inputs from companies in RAN1#106bis meeting, the company position on Alt.1 and Alt.2 are as below. Note that some companies didn’t provide very clear view here, thus I didn’t include them yet. 
· 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


· Support: Ericsson, Huawei, HiSilicon, [LG], Qualcomm, OPPO, vivo 


· 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

· Support: 
· Nokia, NSB: Remove the bracket for [] (i.e. keep ) and delete the whole “”
· CATT: Delete the whole “[]” and remove the bracket for  (i.e. keep )
· ZTE: Remove the bracket for [] (i.e. keep ) and remove the bracket for  (i.e. keep ) 

Feature lead: Based on the situation, it is not clear to me how to do the downs-selection. If we really need to do the down-selection, the only way I can suggest is to go Alt.1, since it has a little bit more companies supporting it and also no controversial brackets for Alt.1. However, let’s hear more views from companies first.  

4.3.5 First round discussion for issue 4.3-5
Based on the inputs and analysis above for issue 4.3-5, the following proposals are made for further discussion. Please all companies check the discussion/analysis above to understand the reason to make these proposals before providing your views here.

Inconsistent RTT measurement in gNB and UE for RTT-based PDC
Proposed conclusion 4.3.5-1: there is no additional error component to be added in the RTT-based PDC caused by a change in the uplink TX timing.
	Company
	View

	OPPO
	We are fine to the proposed conclusion, only if the proposal 4.3.1-2 and our comment to proposal 4.3.2-1 are addressed, i.e., the same pair of subframes containing the DL-RS and UL-RS is used by gNB and UE to measure RTT. 

	
	




Clarifications for Alt. 1
Potential conclusion 4.3.5-2: For Alt.1 for evaluation of the overall time synchronization error for RTT-based propagation delay compensation, the following is assumed for DL propagation delay estimation error:  
· BS uplink detection error  is reflected by , and BS transmitting time error  (if needs to be considered) can be reflected by the margin Y for gNB Rx-Tx time difference measurement, where Y is declared by manufacturer;
· UE downlink detection error is reflected by , and UE transmitting time error (if needs to be considered) can be reflected by the margin  for UE Rx-Tx time difference measurement, where the definition of   is up to RAN4.   
	Company
	View

	OPPO
	Is the proposal for Alt-1 only or trying to harmonize Alt-1 and Alt-2? 
If it is for Alt-1 only (as said in main proposal), does it mean the Alt-1 formula should use +Y to replace  and use  to replace ? Please clarify. 
In addition, the proposal seems doing something not fully endorsed by RAN4: there is an editor line in 38.133 vg80 saying “Editor’s note: In accuracy tables  is margin and is FFS”, it does not say this margin is fully dedicated to . Is this a different  from the one that is used in 38.133?     

	
	




Clarifications for Alt. 2
Proposal 4.3.5-1: For Alt.2 for evaluation of the overall time synchronization error for RTT-based propagation delay compensation, it is revised as below: 
· Alt. 2:  


=
· ±32.5 ns is used for
· Enhanced Te for TA-based PDC is applied to Te here also
·  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

	Company
	View

	OPPO
	Not agree. 
If  is zero or does not show up in PD estimation part, the necessary condition is that RTT measurements take reference point at antenna connector. Then because PD compensation takes reference point at baseband, the total error formulation (before error term combining) is:
where the first two terms come from PD compensation (“BB” stands for “baseband”) and the last term (divided by 2) comes from PD estimation (“ANT” stands for “antenna connector”, in this case). Then the question is how come to get  and  combined to reach a single ½ coefficient? It seems Alt-2 messes up different reference points for DL-Tx timing and DL-Rx timing, which is quite strange.   

	
	



Down-selection between Alt.1 and Alt.2   
Question 4.3.5-1: Which option do you prefer for the following evaluation of RTT-based PDC? 
· [bookmark: OLE_LINK30]Option 1:  Keep both Alt.1 and Alt.2 for further evaluation for RTT-based PDC, and do comparison between RTT-based PDC and TA-based PDC under the same assumption  
· Option 2:  Down-select to Alt.1 for RTT-based PDC
· Option 3:  Down-select to Alt.2 for RTT-based PDC  
	Company
	View

	OPPO
	We think Option-2 is the most promising. 
Option-1 conflicts RAN1 agreement in last meeting. 
Option-3 has the issue we commented above. 

	
	




Issue 4.3-6: Evaluation on the achievable time synchronization accuracy for RTT-based PDC

Based on inputs from companies in RAN1#106bis meeting, the total error results are summarized below.
Table 1 Overall synchronization error summary for RTT-based PDC
	Source
	overall synchronization error
	Assumptions
(Alt.1 or Alt. 2)
	Note

	
	15 kHz
	30 kHz
	
	

	Qualcomm
(R1-2110182)
	182.3ns
	
	Alt. 1
	=45.8ns




	
	282ns
	
	Alt.2-1
	

	
	136.5ns
	
	Alt.2-2
	

	
	265.75 ns
	
	Alt.2-3
	

	
	120.25 ns
	
	Alt.2-4
	

	Ericsson
(R1-2108833)
	251ns
	158ns
	Alt. 1
	
 for 15kHz and  for 30kHz
 for 15kHz and  for 30kHz
 for 15kHz and  for 30kHz
 for 15kHz and 4ns for 30kHz

	Huawei
(R1-2109743)
	245ns
	245ns
	Alt. 1
	=60ns

ns


	
	179ns
	179ns
	Alt. 1
	=4ns

ns


	
	314ns
	249ns
	Alt.2-1
	ns


	
	169ns
	169ns
	Alt.2-2
	

	
	282ns
	217ns
	Alt.2-3
	

	
	137ns
	137ns
	Alt.2-4
	

	ZTE
(R1-2110397)
	240.75+(δ+Y)*0.25
	217.25+(δ+Y)*0.25
	Alt.1
	ns
 for 15kHz and  for 30kHz
 for 15kHz and  for 30kHz

	
	278.25
	212.75
	Alt.2-3?
	ns
 

	Nokia
(R1-2109161)
	
	
	Alt.2-4
	

	vivo
(R1-2108970)
	
	
	Alt. 1
	ns
 for 15kHz
 is TBD in fading channel

	LGE
(R1-2109974)
	
	
	Alt. 2
	

	CATT
(R1-2109219)
	285.5ns
	220.5ns
	Alt. 2-1
	ns


	Samsung
(R1-2109485)
	265.55ns
	
	Alt. 1
	ns
 =116 ns




	Intel
(R1-2109608)
	230ns
	178ns
	Alt. 1
	

	
	173ns
	173ns
	Alt.2-4
	

	Note:

Alt. 1: 
[image: ]
Alt. 2-1: 
 
Since  based on LS from RAN4 [15], so Alt.2-1 can be the following
 

Alt. 2-2: 
 

Alt. 2-3: 
 
Since  based on LS from RAN4 [15], so Alt.2-3can be the following
 

Alt. 2-4: 
 




Feature lead: Based on the above evaluation, it can be seen that with Alt.1, RTT-based PDC can meet the 275 ns budget in the worst case without considering the margin. With Alt.2, without enhanced Te, then in some cases RTT-based PDC cannot meet the budget. It is expected that with enhanced Te, RTT based PDC with Alt.2 can meet the budget also. I made some observation for further discussion in section 4.3.6.
  
4.3.6 First round discussion for issue 4.3-6
Based on the inputs and analysis above for issue 4.3-6, the following proposals are made for further discussion. Please all companies check the discussion/analysis above to understand the reason to make these proposals before providing your views here.

Proposed observation 4.3.6-1: With Alt.1 as the equation for evaluation of the overall time synchronization error for RTT-based PDC, RTT-based PDC can meet the upper bound (i.e. ±275 ns) of Uu interface synchronicity error budget for control-to-control scenario without considering the margin, where margin Y for gNB Rx-Tx time difference measurement is declared by manufacturer, and margin   for UE Rx-Tx time difference measurement is up to RAN4.    
	Company
	View

	OPPO
	We are basically fine with the observation, but having two comments on the margins: 
· Is the margin   the one currently mentioned in 38.133 in table 10.1.25.2-2 for UE Rx-Tx time difference measurement (for positioning purpose) or a second new one? 
· What we want to keep clarified is that the margins Y and   are not declared specifically for PDC purpose.    

	
	



Proposal 4.3.6-1: Send an LS to RAN4 to ask for feedback on the following questions, if Alt.1 will be used as the equation for evaluation of the overall time synchronization error for RTT-based PDC:
· Question 1: The value range of  for UE Rx-Tx time difference measurement and the potential factors that may have impact on  ; 
· Question 2: The value range of Y for gNB Rx-Tx time difference measurement and the potential factors that may have impact on Y; 
 
	Company
	View

	
	

	
	




Proposed observation 4.3.6-2: With Alt.2 as the equation for evaluation of the overall time synchronization error for RTT-based PDC, RTT-based PDC may or may not meet the upper bound (i.e. ±275 ns) of Uu interface synchronicity error budget for control-to-control scenario, depending on the value of enhanced Te.    
	Company
	View

	OPPO
	We have the concern on Alt-2 formula itself, as explained under issue 4.3-5.  

	
	




Implicit propagation delay compensation
OPPO (R1-2109097) proposes an implicit PDC method as below:
	[image: fig3.png]
[bookmark: _Ref70104851]Figure 3 Implicit PDC procedure
The principle of implicit PDC is to identify the clock time difference  between gNB clock time and UE clock time, as shown in Figure 3. It can be proved that , which suggests the following procedure steps: 
· Step-1: UE sends a UL SRS to help UE and gNB to establish the UL-Tx clock time in UE () and UL-Rx clock time in gNB (). This UL SRS can be identified as the last SRS transmitted before the DL message transmitted in Step-2. There should be no RAN1 spec impacts for Step-1. This SRS could be a subset of another configured periodic SRS. RAN2 may want to make the configuration of this SRS specifically for PDC purpose (although the SRS signal itself can be used for other purpose). 
· Step-2: The gNB sends to UE a ReferenceTimeInfo-alike RRC message containing a clock time information of , where  corresponds to the DL-Tx clock time for the transmission of this DL message. The existing RRC message of ReferenceTimeInfo can be reused/extended in this case. The detailed design is up to RAN2.
· Step-3: The UE calculates , where  is the DL-Rx clock time corresponding to the reception of the DL message mentioned in Step-2, and  is the UL-Tx clock time established in Step-1. 
For the implicit PDC in Figure 3, the total clock synchronization error is given by

where  is clock time indication granularity in the ReferenceTimeInfo-alike RRC message.  
Because the implicit PDC has no explicit step of propagation delay compensation, the network error budget counted for ReferenceTimeInfo granularity of 10ns does not apply to implicit PDC, which means the total Uu interface error budget for implicit PDC is 280ns, not 275ns.  
Observation-4: For implicit PDC, the total Uu error budget is 280ns, instead of 275ns. 
Then,  leads to .
Proposal 3: Suggest RAN2 to adopt implicit PDC for clock synchronization, with following RAN2 specification impacts.
· Design a UE-dedicated ReferenceTimeInfo-alike DL RRC message that contains  () with granularity no larger than 4ns, where  is the local clock time associated with the reception of the last UL SRS before transmission of this DL RRC message, and   is the local clock time associated with the transmission of this DL RRC message. 
· The UL SRS can be configured with periodicity/offset specifically for PDC purpose (which is already agreed in RAN1 in case RTT-based PDC is supported).



Feature lead: There were some initial discussions on implicit PDC in the previous meetings as captured in the feature lead summaries, mainly on the benefits and difference with explicit PDC compared to TA-based PDC and/or RTT based PDC. However, since the implicit PDC was proposed late (i.e. in RAN1#104b-e) and there was only very initial discussions, the final views from companies are still not clear yet. From feature lead perspective, some questions are set below for further discussion. 

4.4.1 First round discussion 
Based on the inputs and analysis above, the following proposals are made for further discussion. Please all companies check the discussion/analysis above to understand the reason to make these proposals before providing your views here.

Question 4.4-1: Do you have any further comment/question/views on implicit PDC proposed above?
	[bookmark: OLE_LINK27]Company
	View

	Feature lead
	A few questions from feature lead as below:
1. Is it correct understanding that implicit PDC can at most allow 280 ns synchronization budget? 
2. Do we need RAN2 to check the feasibility to support ? 


	OPPO
	First of all, it is a bit surprising to see an assessment of “the implicit PDC was proposed late (i.e. in RAN1#104b-e) and there was only very initial discussions”, since the idea has been on the table for almost half year, and receiving only a few comments should not be interpreted as still being in initial discussion (we can comment in a different way that people just have no comments), not to mention all received comments in the past meetings are all answered.
To answer FL questions: 
1. The error budget is not what the solution can allow, it is a requirement put onto any solution, just like 275ns for explicit PDC. But if people agree that explicit PDC can at most allow 275ns budget, then yes, implicit PDC can at most allow 280ns budget. 
2. We do not see an issue for RAN2 to support a finer clock time granularity (from 10ns down to 4ns) in RRC message. But in order to remove people’s potential concern, it is ok to us to ask RAN2 to check feasibility.   




Way forward on PDC in RAN1 for Rel-17
Nokia (R1-2109161) propose to send LS to RAN2 to inform the latest available status below.
	Nokia (R1-2109161)

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).




Samsung (R1-2109485) propose the following.
	Samsung (R1-2109485)
Proposal: Adopt existing TA procedure for propagation delay compensation for smart grid scenario. 



In RAN1#104bis-e meeting, RAN1 reached the following agreements.

	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. 



Feature lead: I do agree that it would be good for RAN1 to let RAN2 know the current status, then they can see what kind of work RAN2 can do first.     

4.5.1 First round discussion 
Based on the inputs and analysis above, the following proposals are made for further discussion. Please all companies check the discussion/analysis above to understand the reason to make these proposals before providing your views here.

Proposal 4.5.1-1: Send an LS to RAN2 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. 
· Inform RAN2
· The legacy timing advance based PDC can be supported for at least the less strict time sync use cases, e.g. smart grid scenario. 
· 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 based PDC).

	Company
	View

	OPPO
	We oppose the proposal, because it precludes implicit PDC with no technical reason and it also does not reflect the truth – implicit PDC is still being discussed and evaluated in RAN1.  
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Appendix Agreements in the past meetings
RAN1#102-e
Agreements:
· Take the following use cases as the representative use cases for further study on propagation delay compensation enhancements in Rel-17. 
	User-specific clock synchronicity accuracy level 
	Number of devices in one Communication group for clock synchronisation
	5GS synchronicity budget requirement 
(note)
	Service area 
	Scenario

	2
	Up to 300 UEs
	≤900 ns          
	≤ 1000 m x 100 m
	· Control-to-control communication for industrial controller

	4
	Up to 100 UEs
	<1  µs
	< 20 km2
	· Smart Grid: synchronicity between PMUs



Agreements:
· 8*64*Tc/2 as the TA indicating error is assumed in the evaluation.

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

Agreements:
For BS transmit timing error, further study the following three options: 
· Option 1: 65 ns 
· Option 2:±130ns for the indoor scenario and ±200ns for the smart grid scenario
· Option 3:82.5 ns

Agreements:
The value defined in Table 7.1.2-1 for initial transmit timing error (Te) in TS 38.133 should be considered for evaluation of the time synchronization.  

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

Agreements:
100 ns is assumed for BS detecting error.  

Agreements:
Timing advance adjustment accuracy defined in Table 7.3.2.2-1 in TS 38.133 is assumed for evaluation of the time synchronization.   
Agreements:
Both 15 kHz and 30 kHz are assumed for both control-to-control and smart grid for evaluation of the time synchronization.   

Agreements:
Send an LS to RAN2 with the content including      
· Inform RAN2 the two representative use cases concluded in RAN1 for further study;
· Ask RAN2 for input about Uu interface error budget for each of the two use cases;

Agreements:
The following options for propagation delay compensation are further studied in RAN1  
· Option 1: TA-based propagation delay
· Option 1a: Propagation delay estimation based on legacy Timing advance (potentially with enhanced TA indication granularity).

· Option 1b: Propagation delay estimation based on timing advanced enhanced for time synchronization (as 1a but with updated RAN4 requirements to TA adjustment error and Te)

· Option 1c: Propagation delay estimation based on a new dedicated signaling with finer delay compensation granularity (Separated signaling from TA so that TA procedure is not affected)

· Option 2: RTT based delay compensation:
· Propagation delay estimation based on an RAN managed Rx-Tx procedure intended for time synchronization (FFS to expand or separate procedure/signaling to positioning). 

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

RAN1#103-e
[bookmark: OLE_LINK58]Agreements:
· Take 65 ns as the assumption of transmit timing error for evaluation of the overall time synchronization error for control-to-control. 
· Asymmetry between downlink and uplink channel for smart grid scenario is not considered. 
· TA adjustment accuracy is not considered for the evaluation of time synchronization error. 
· errorBS,DL,TX is included in the equation for calculating the overall time synchronization error. 

Agreements:
TA adjustment accuracy is not considered for the evaluation of time synchronization error. 

Agreements:
For evaluation of the overall time synchronization error for smart grid, companies can take one of the following two options as the assumption for BS transmit timing error:
· Option 1: 200 ns
· Option 2: 65 ns


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

Decision: As per email posted on feb 5th, the draft LS is endorsed. Final LS is approved in R1-2102245.


RAN1#104b-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
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.


RAN1#106-e
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/2)) 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.

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

R1-2108513	Feature lead summary on propagation delay compensation enhancements	Moderator (Huawei)

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

R1-2108618 Draft LS on TA-based propagation delay compensation 	Moderator (Huawei)
Decision: The draft LS is endorsed with the following note
· [bookmark: OLE_LINK38]Note: It’s pending further discussion in RAN1 whether the WA is to be confirmed including which alternative is to be selected
Final LS is approved in R1-2108635. 

image3.emf
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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Table 7.1.2-1: T, Timing Error Limit.

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

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