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1 Introduction
The main issues of Enhancements for support of time synchronization, including:

· RAN impacts of SA2 work on uplink time synchronization for TSN, if any. 

· Propagation delay compensation enhancements (including mobility issues, if any). 

In RAN2#113-e meeting, regarding the Propagation delay for TSN, it was agreed that:
Assumptions:

-
There is no UE clock drift issue to be addressed

-
The source and target gNB are tightly synchronized to the same master clock within the budget and there is no need to optimize anything for HO.  
Agreements
-
gPTP message interruption during mobility is not considered in the Rel-17 IIoT WI (i.e. no further specification impact are considered)

-
RAN2 to confirm which PDC option to choose is up-to RAN1 to decide

And in previous RAN1 meeting, regarding the Propagation delay for TSN, RAN1 had achieved the following conclusion:

	Agreements:

The following options for propagation delay compensation are further studied in RAN1  

· Option 1: TA-based propagation delay

· Option 1a: Propagation delay estimation based on legacy Timing advance (potentially with enhanced TA indication granularity).

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

· Option 1c: Propagation delay estimation based on a new dedicated signaling with finer delay compensation granularity (Separated signaling from TA so that TA procedure is not affected)
· Option 2: RTT based delay compensation:

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

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

Agreements: 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:
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· Either option 1 or option 2 below will be applied based on the RAN4 reply to RAN1 LS R1-2102245.
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. 

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[image: image3.png]eITOTyg pL RX



 QUOTE  
 is based on other signals (e.g. CSI-RS) instead of SSB.

· errorBS, UL,RX[image: image5.png]eITOTyg pL RX



 QUOTE  
 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


Regarding the LS to RAN4, RAN4 had discussed and replied in last meeting [2]:
	RAN4 has the common understanding 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). 

RAN4 will further discuss the reference point definition in the future to clarify the term.


Meanwhile, there is a RAN2 email discussion on this topic, i.e., [Post114-e][512][URLLC/IIoT] T-synch open issues (Intel), which focus on how PDC is triggered/activated, signaling, assistance information from UE, whether to support UE based compensation and/or gNB based compensation. Hence, in this contribution, we focus on the investigation of the propagation delay compensation based on latest RAN1 conclusions to progress the study of PDC from RAN2 perspective. And this document aim to bring new issues not covered in previous email discussions. 
2 Discussion

There has been discussed in RAN1 regarding methods of PDC which shall be supported in Release 17 for some meetings through evaluation on the time synchronization accuracy over Uu interface of both TA-based PDC and RTT-based PDC, however, final decision has not been made yet. Furthermore, in RAN1 meeting #104bis-e, it was concluded to “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.” It is therefore up to RAN2 to decide whether pre-compensation at the gNB should be supported in Release 17. Considering current progress on PDC, we prefer that RAN2 start to study and evaluate the normative work load of signalling framework/flow design of RTT based method and make initial decision on whether to pursue such kind of scheme during the limited time budget, without waiting for RAN1’s decision.

2.1 Framework and flow design of RTT based method
As specified in TS38.305, the current NR RTT positioning method makes use of the UE Rx-Tx time difference measurements and DL-PRS-RSRP of downlink signals received from multiple TRPs, measured by the UE and the measured gNB Rx-Tx time difference measurements and UL-SRS-RSRP at multiple TRPs of uplink signals transmitted from UE. The UE measures the UE Rx-Tx time difference using assistance data received from the LMF, and the TRPs measure the gNB Rx-Tx time difference measurements using assistance data received from the positioning server. The measurements are used to determine the RTT at the LMF which are used to estimate the location of the UE.

Figure 1 shows the architecture in 5GS applicable to positioning of a UE with NR access. The AMF receives a request for some location service associated with a particular target UE from another GMLC and then sends a location services request to an LMF. The LMF processes the location services request which may include transferring assistance data to the UE to assist with UE-based and/or UE-assisted positioning and/or may include positioning of the UE. The LMF then returns the result of the location service back to the AMF. A gNB may control multiple TRPs/TPs.
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Figure 1: UE Positioning Overall Architecture applicable to NG-RAN 
On top of the above architecture, figure 2 shows the overall sequence of events applicable to the UE, NG-RAN and LMF for any location service.
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Figure 2: Location Service Support by NG-RAN [5]
Obviously, considering the super low latency requirement in the IIOT, the current LMF-based architecture and procedure which involving CN network and positioning server (LMF) is not feasible in the IIOT scenarios are too complex. We tend to support that positioning functions for IIOT PDC are only located in the related UE and gNB, without the involvement of LMF and AMF.
However, this means the architecture, signalling flow/parameter and measurement procedure for all needs to be re-consideration, as the preferred architecture for RTT-based PDC shown in figure 3.
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Figure 3: UE Positioning Overall Architecture applicable to NG-RAN 

The example signalling-flow for UE-side PDC for RTT based method as follows:
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Figure 4: UE Positioning Overall Architecture applicable to NG-RAN 

1. The serving gNB determines the resources available for UL-SRS and configures the target device with the UL-SRS resource sets.

2. The serving gNB provides the UL-SRS configuration information to the UE directly.
3. In the case of semi-persistent or aperiodic SRS, the gNB can activate the UE SRS transmission to the UE. The target device begins the UL-SRS transmission according to the time domain behavior of UL-SRS resource configuration.
4. The target device performs the DL-PRS measurements from all gNBs based on the measurement information from gNB, e.g. PCI, GCI, and TRP IDs of the TRPs served by the gNB, Timing information of TRPs served by the gNB ,DL-PRS configuration of the TRPs served by the gNB, SSB information of the TRPs (the time/frequency occupancy of SSBs), Spatial direction information of the DL-PRS Resources of the TRPs served by the gNB and Geographical coordinates information of the DL-PRS Resources of the TRPs served by the gNB. 
5. The serving gNB configured measures the UE SRS transmissions from the target device.

6. The UE reports the DL-PRS measurements for Multi-RTT to the gNB; Or:
7. Each gNB reports the UE SRS measurements to the UE.

8. The gNB or UE determines the RTTs from the UE and gNB Rx-Tx time difference measurements for each gNB for which corresponding UL and DL measurements and calculates the position of the target device.

Hence, current R16 RTT-based method used for positioning procedure with AMF and LMF needs to be re-designed including architecture, procedure signalling flow/parameter and measurement procedure for RTT-based PDC purpose, that is, the current NAS signaling for positioning needs to be adapted into AS signaling for the TSC PDC, which will require significant discussion for details. From our perspective, RTT-based PDC method is not so simple that can reduce the work load of the WID. Furthermore, the RTT_based PDC is in fact a 2-step solution including PD estimation and PD compensation, both of which generate timing errors. Hence, RTT-based PDC still face the challenge to introduce new impacts to UE requirements in RAN4 and meanwhile to potentially have more RAN1 spec impacts even than TA-based.
Observation 1: current R16 RTT-based method used for positioning procedure with AMF and LMF needs to be re-designed including architecture, procedure signalling flow/parameter and measurement procedure for RTT-based PDC purpose, that is, the current NAS signalling for positioning needs to be adapted into AS signaling for the TSC PDC, which will require significant discussion for details.
Observation 2: RTT-based PDC still face the challenge to introduce new impacts to UE requirements in RAN4 and meanwhile to potentially have more RAN1 spec impacts even than TA-based.
Proposal 1: it is propose that RAN2 start to study and evaluate the normative work load of signalling framework/flow design of RTT based method and make initial decision on whether to pursue such kind of scheme during the limited time budget, without waiting for RAN1’s decision.

2.2 RAN2 Issues identified during RAN1 evaluation on the PDC 

Although the evaluation work itself is not within the scope of RAN2, some issues related to RAN2 can be identified and analysed to progress the PDC topic.
Issue 1#: When PD estimation is to be acquired after DRX for both TA-based PDC and RTT-based PDC?
RAN1 had discussed on this issue and achieved some conclusions as follows which are still not mature:
	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.
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 QUOTE  
 is based on other signals (e.g. CSI-RS) instead of SSB.
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 QUOTE  
 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.




Originally, there are two use cases:
· One is the UE just utilize the PD estimation from its previous DRX awake period, considering the best PD estimation will be the latest one acquired, a timing error related to using an likely-to-expire PD for PDC will be brought applying to all PD estimation options; 
· And another is that an additional signal based on the uplink transmission detected arrival time, the gNB may delivery an updated timing advance value, a PD estimation signal, or even a reference signal to complete an Rx-Tx measurement procedure. In this case, the UE can utilize an up-to-data PD for estimation (from either NTA2/2 or RTT2/2), where the PD accuracy evaluation assumptions should be quite different. 
And for TA-based PDC, an up-to-date NTA value can be provided to the UE and hence Te does not apply anymore. Instead, the TA adjustment error would be applicable. For an Rx-Tx procedure, since both an UL and DL reference signal has been available, e.g. CSI-RS in DL and some UL transmission (e.g. SRS), the Rx-Tx measurement can be conducted, but if the initial UL transmission is used, Te would still apply. 

In order to improve the time accuracy of the Uu interface, the RAN1 has selected option2 and its conclusion indicates that gNB is allowed to signal an up-to-date timing advance value or complete a Rx-Tx measurement procedure, then if UE receives referenceTimeInfo-r16 after DRX wake-up, the UE can either update its local clock timing using the earlier PD estimation (obtained prior to DRX) or discard the received referenceTimeInfo-r16 (meaning no clock time update). However, whether and how to reuse existing signalling or utilize some enhanced signalling should be determined to achieve this goal. 

Based on this, further study and specify new procedure and signalling (if necessary) to ensure that the PD estimation can be acquired after DRX for the adopted PDC method.
Regarding TA-based PDC, the UE can derive PD based on TA at any time as long as it has a valid TA. And the conclusion means that this there is a need for the gNB to delivery an updated NTA value based on the UL RS. The issue is whether the UE is allowed to pro-actively acquire PD estimation during inactive state in DRX. 

Regarding RTT-based PDC, the UE has to wait for RTT from gNB side, e.g., T_delta MAC-CE for RTT-based PDC. And the conclusion means that there is need to execute a DL RS, UL RS and an Rx-Tx measurement, which is all needed to acquire PD estimation with the procedure. And the potential inconsistent RTT pairing in PD derivation should be taken into account, which is caused by the fact that the RTT measurements in gNB and UE are not coordinated, e.g., the RTT measurement in gNB side occurs before a TA command being applied on UE side and the RTT measurement in UE side happens after the TA command being applied. Then the error of PD contains half of TA command value.
From our perspective, since the UE’s downlink link is not available from gNB side during the inactive state in DRX cycle, in order to acquire the up-to-data PD value, the UE can be allowed to pro-actively acquire PD estimation during inactive state in DRX cycle for either NTA value or trigger an Rx-Tx measurement procedure before waking up from DRX. 

Proposal 2: it is proposed that the UE can be allowed to pro-actively acquire PD estimation during inactive state in DRX cycle for either NTA value or trigger an Rx-Tx measurement procedure before waking up from DRX. 

Issue #2: Whether to take gNB based pre-compensation or UE-based compensation?
As the concluded in RAN1, 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. For example, for the Option 2, which is our preference, either RTT-based UE compensation or gNB pre-compensation.
As we know, the RTT-based compensation could be realized using the existing gNB Rx-Tx time difference and UE Rx-Tx time difference measurements, or specified new Rx-Tx time difference method using other signals. Another issue is which side to execute the compensation, which are two possible alternatives:

-
Alternative 1: UE side performing compensation. A UE measures UE Rx-Tx time difference and receives from gNB the gNB Rx-Tx time difference, so that UE can calculate and compensate the final PD based on the above information. The signalling in this option should be UE-specific. This introduces additional signaling overhead in DL, same way as UE-specific pre-compensation at gNB, where reference timing information is assumed to be delivered in dedicated RRC message. Moreover, to reduce the signalling overhead of gNB Rx-Tx time difference in DL, whether group-common signalling could be introduced or not.

-
Alternative 2: gNB side performing pre-compensation. A UE measures UE Rx-Tx time difference and reports it to gNB. gNB measures the gNB Rx-Tx time difference, receives the UE Rx-Tx time difference, and pre-compensates the reference timing information before sharing it with the UE. From perspective of the overall signaling exchange, this alternative may be a bit easier to implement if the UE Rx-Tx time difference measurement is defined as just another regular measurement as part of MeasurementReport. Obviously, the different signaling and message flows could lead to different error budgets. For example, for the the earlier-mentioned PD indication error will be taken into account into the error budgets if gNB-based PD is used. Additionally, whether the T_Delta MAC-CE should be a DL MAC-CE or re-designed as an UL MAC-CE on Uu all need to be discussed in RAN2.

In our understanding, RTT-based UE compensation should be considered with high priority because UE compensation is already supported in Rel-16, which has limited spec impact. If RTT-based UE compensation can’t be satisfied with the requirement, we can consider RTT-based gNB compensation. Additionally, gNB-based PD may have RAN3 impact, and the gNB may not be timely aware of the UE’s TA when DL timing is changed and the UE adjusts TA automatically. Meanwhile, for TA-based PD, it’s infeasible for the gNB to perform PDC for the UE in IDLE since the gNB is not aware of the TA value of a given UE.
Observation 2: the UE compensation is already supported in Rel-16, which has limited spec impact. Additionally, gNB-based PD may have RAN3 impact, and the gNB may not be timely aware of the UE’s TA when DL timing is changed and the UE adjusts TA automatically. Meanwhile, for TA-based PD, it’s infeasible for the gNB to perform PDC for the UE in IDLE since the gNB is not aware of the TA value of a given UE.
If RTT-based UE compensation can’t be satisfied with the requirement, we can consider RTT-based gNB compensation. Additionally, gNB-based PD may have RAN3 impact, and the gNB may not be timely aware of the UE’s TA when DL timing is changed and the UE adjusts TA automatically. Meanwhile, for TA-based PD, it’s infeasible for the gNB to perform PDC for the UE in IDLE since the gNB is not aware of the TA value of a given UE.
Proposal 3: it is preferred that the UE side compensation can be regarded as baseline for both TA-based PDC and RTT-based PDC.
Moreover, according to RAN1’s simulation result, it seems that the PDC needs to be performed for some special use cases, e.g. larger service areas with more sparse cell deployments as for inter-site distances >200m. However, for some other cases, e.g., small service areas with dense small cell deployments, the accuracy requirement can be met even the PDC has not been performed. Hence, some additional signalling to negotiation the PDC behaviour between gNB and UE is required for both TA-based PDC and RTT-based PDC.
Proposal 4: some additional signalling to align the PDC behaviour between gNB and UE is required for both TA-based PDC and RTT-based PDC.
3 Conclusions

Observation 1: current R16 RTT-based method used for positioning procedure with AMF and LMF needs to be re-designed including architecture, procedure signalling flow/parameter and measurement procedure for RTT-based PDC purpose, that is, the current NAS signalling for positioning needs to be adapted into AS signalling for the TSC PDC, which will require significant discussion for details.
Observation 2: RTT-based PDC still face the challenge to introduce new impacts to UE requirements in RAN4 and meanwhile to potentially have more RAN1 spec impacts even than TA-based.
Proposal 1: it is propose that RAN2 start to study and evaluate the normative work load of signalling framework/flow design of RTT based method and make initial decision on whether to pursue such kind of scheme during the limited time budget, without waiting for RAN1’s decision.
Observation 3: the UE compensation is already supported in Rel-16, which has limited spec impact. Additionally, gNB-based PD may have RAN3 impact, and the gNB may not be timely aware of the UE’s TA when DL timing is changed and the UE adjusts TA automatically. Meanwhile, for TA-based PD, it’s infeasible for the gNB to perform PDC for the UE in IDLE since the gNB is not aware of the TA value of a given UE.
Proposal 2: it is proposed that the UE can be allowed to pro-actively acquire PD estimation during inactive state in DRX cycle for either NTA value or trigger an Rx-Tx measurement procedure before waking up from DRX. 
Proposal 3: it is preferred that the UE side compensation can be regarded as baseline for both TA-based PDC and RTT-based PDC.
Proposal 4: some additional signalling to align the PDC behaviour between gNB and UE is required for both TA-based PDC and RTT-based PDC.
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