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Introduction
In Rel-17, IIOT WI aims to develop a PDC mechanism(s) including PD estimation, signaling and compensation. This document provides the summary of all the contributions submitted to 8.5.2 agenda item (NR IIoT URLLC- Enhancements for support of time synchronization) of RAN2#116-e meeting and address the open issues of this item. The following categorization has been used in this document.
· Cat-a-Proposal: a potential easy agreement, e.g. Proposals which could reach quick and straightforward agreement.
· Cat-b-Proposal: need further discussion. The proposal seems to have some support but need discussion.
· Cat-c-Proposal: candidate other than Cat-a and Cat-b which may be postponed for the moment. The issue may require other WG discussions or is contentious such that it is unlikely to converge at e-Meeting. 

Please noted during the discussion on the RAN2 impact on specification via TA-based or RTT-based solution, we employ the similar strategy in RAN1, add a condition of “If x-based PDC is supported, …” in the proposal description.
Discussion
UE-side PDC vs. NW-side PDC 
During RAN2 115e, the following was agreed to
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
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

	TDoc
	Company
	Proposals

	R2-2110587
	OPPO
	Proposal 1	If implicit PDC solution is agreed in RAN1, RAN2 considers using UE-side PDC for implicit PDC solution.
Proposal 3	In the case that UE-side PDC is applied for the TA-based PDC solution, the gNB needs to send the enhanced TAC MAC CE with a finer TA value to the UE.
Proposal 4	In the case that UE-side PDC is applied for the RTT-based PDC solution, the gNB needs to send the signaling of gNB Rx-Tx time difference to the UE.

	R2-2110963
	China Telecommunications
	Proposal 1: The gNB can periodically indicate PDC value to UE through an additional MAC CE instead of the legacy TA value, according to the time synchronization requirements.
Proposal 2: The following discussion should focus on the TA solution.
Observation 2: The process of conveying PDC value will increase the signalling overhead.
Proposal 3: The signalling framework/process flow of RTT-based solution shall be further discussed in RAN2.

	R2-2110801
	Intel
	Proposal 1: Field description of IE time-16 is updated to support network pre-compensation.
Proposal 2: If RTT-based PDC is supported and PRS is to be used for UE Rx-Tx time difference measurement, broadcasted PRS configuration (as in posSibType6-1) is used.  . 
Proposal 3: If RTT-based PDC is supported, RAN2 to introduce RRC signaling for Rx-Tx time difference measurement (de)activation and measurement report.


	R2-2110199	
	NTT DOCOMO
	Proposal1: For RTT based PDC, RAN2 to discuss and decide how the RX-TX time difference is reported by UE with the following three options. 
Option1: L1 signaling
Option2: MAC signaling
Option3: RRC signaling

Proposal2: LMF is not involved in RTT based PDC.
Proposal3: RAN2 to discuss and decide the trigger condition for UE to start RX-TX time different measurement and reporting.
Option1: Periodical UE Rx-Tx time difference measurement/reporting. 
Option2: gNB explicitly indicate UE to conduct RTT measurement using dedicated signaling. 
Option3: event based trigger e.g. UE start RTT measurement/reporting when UE is far away from gNB.

Proposal4: Introduce event triggered RX-TX time different measurement and reporting.


	R2-2109925
	Qualcomm
	Proposal 1: RAN2 to prioritize discussing the RAN2 impact in terms of signalling and protocol level measurements exchange that is needed to support RTT-based PDC along with RAN1 and RAN4 ongoing work. 
Observation 2: Any changes to the legacy TA procedure will unnecessarily require new testing of this procedure for the UE and gNB.
Proposal 2: RAN2 should not introduce a PDC solution which changes the legacy TA procedure used for timing alignment of uplink.
Proposal 3: If RAN1 decided to support enhanced TA, RAN2 should ensure that this would only applicable to PDC and not affect existing UL timing requirements. 


	R2-2110496	
	Samsung
	Proposal 1.	Enabling/disabling UE-side PDC is supported only for ReferenceTimeInfo by unicast delivery.
Proposal 2.	Enabling/disabling UE-side PDC is not supported for ReferenceTimeInfo by broadcast delivery (SIB). 
Proposal 3. RRC signalling indicates whether gNB provides PD value for UE-side compensation, i.e. (1) PDC based on gNB’s signalling on PD value (2) No UE side compensation (3) UE implementation based Rel-16 PDC.
Proposal 4. This indication is included in ReferenceTimeInfo.


	R2-2109990
	vivo
	Proposal 1: RAN2 confirms that gNB can perform pre-compensation.
Proposal 2: UE performs PDC based on the latest accumulative TA upon receiving the referenceTimeInfo IE. 

	R2-2110442
	Nokia
	Proposal 1: In order to support all Rel-17 time synchronization use cases for PDC, the support of two PDC methods should be considered to minimize the air interface overhead caused by PDC; 
one designed to be sufficiently accurate for the control-to-control with two Uu interfaces which has the strictest time synchronization error budget.
one for the remaining use cases such as smart grid and control-to-control with a single Uu interface which does not have a strict time synchronization error budget

Proposal 2: RAN2 should only focus on the specification impact from supporting UE-side propagation delay compensation, as RAN3 will not have time to complete a study on network propagation delay compensation.
Proposal 3: For RTT based PDC, the gNB may configure the CSI-RS/PRS resource ID along with the SRS resource ID that the UE may use for purposes of PDC.
Proposal 4: PDC update periodicities should not be lower than 80ms and can be set to be similar as SIB9 periodicities.
Proposal 5: To support RTT based PDC, all variants of CSI-RS, PRS and SRS could be employed.
Proposal 6: For RTT based PDC, the gNB delivers Rx-Tx measurement report to the UE via RRC signalling.


	R2-2110107
	ZTE
	Proposal 1a: It’s suggested to introduce 1bit indication in the DLInformationTransfer message to enable/disable UE-side PDC. 
Proposal 1b: R17 UE needs to report its capability of supporting PDC.

Proposal 2: RAN2 needs to discuss whether new trigger for TA update needs to be introduced, e.g., if the TA estimation error exceeds several number TA granularity, TA update would be triggered. Here the number of TA granularity can be.


	R2-2109776
	Ericsson
	Proposal 1: Support only a UE-side determination of the PDC required to meet the target sync accuracy regardless of whether the TA-based or RTT-based PDC method is used.
Proposal 2: When reference time information is received in both the DLInformationTransfer message and the SIB9, the UE applies the reference time info in the DLInformationTransfer message.


	R2-2111046
	CMCC
	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.
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.


	R2-2109599
	Huawei, HiSilicon
	Proposal 1: If RTT-based PDC solution is adopted, methods to avoid excessive resource overhead shall be further investigated and adopted.
Proposal 2: From RAN2 perspective, TA-based PDC shall be supported at least for smart grid scenario, and network can enable/disable UE-side PDC via unicast RRC signalling.
Proposal 3: RRC parameter, e.g. TA-BasedPDC, with value “True”/“False” to enable/disable UE-side PDC, and absence of the parameter means the UE shall apply Rel-16 behaviour, e.g. UE-implementation to apply TA-based PDC.
Proposal 4: If RTT-based PDC is supported, RAN2 support UE to report the UE Rx-Tx difference to the gNB.


	R2-2110318
	Lenovo, Motorola Mobility
	Proposal 1: UE based propagation delay compensation is supported if TA based PDC solution is adopted
Proposal 2: UE based propagation delay compensation is supported if RTT based PDC solution is adopted




2.1.1 The specification scope of PDC in RAN2
There are five companies mentioned the issue of specifying NW-side PDC or UE-side PDC in RAN2: 
One company (vivo) expressed that as the gNB knows the timing advance of every UE and is therefore aware of their propagation delays. Hence, it is proposed that RAN2 confirms that gNB can perform pre-compensation [5]. (1/5)
Meanwhile, four companies (Ericsson, Nokia, Lenovo and CMCC) proposed that RAN2 should only focus on the specification impact from supporting UE-side propagation delay compensation, regardless of whether the TA-based or RTT-based PDC method is used. It is proposed in [9] that propagation delay is primary UE specific (and often dynamic) attribute that is therefore ill suited with SIB9 delivery of referenceTimeInfo. Hence, the take-away is that RAN2 should not further consider specification impact from gNB PD pre-compensation, but only specification impact from UE-side PDC. In [3][8][14], it is proposed that in RAN2 support only a UE-side determination of the PDC required to meet the target sync accuracy regardless of whether the TA-based or RTT-based PDC method is used. 
: RAN2 should only focus on the specification impact from supporting UE-side propagation delay compensation, regardless of whether the TA-based or RTT-based PDC method is used. (4/5)
In [9], it proposed that for the use cases such as smart grid and control-to-control with a single Uu interface which does not have a strict time synchronization error budget. Meanwhile, in [2]we think TA-based PDC shall be supported at least for smart grid scenario, and network shall be able to enable/disable UE-side PDC via unicast RRC signalling. Moreover, RAN1 has indicated that the legacy PDC mechanism based on the existing Rel-15/Rel-16 TA procedure and associated granularity can satisfy the requirements of scenario 3 [13]. Hence, to reduce scope of discussion, it is suggested by rapporteur to attempt conclusion as follows:
: From RAN2 perspective, traditional TA-based PDC shall be supported at least for smart grid scenario, and network can enable/disable UE-side PDC via unicast RRC signalling. (3/3)
2.1.2 The usage scope of PDC pre-compensation
For the issue of the usage scope of PDC pre-compensation, only 2 companies (Nokia and Samsung) mentioned that enabling/disabling UE-side PDC is supported only for ReferenceTimeInfo by unicast delivery. In [10] [9], it expressed the view that as the propagation delay highly depends on the distance between gNB and UE, it is true that different UEs have different value of the propagation delay. It means that the pre-compensation is not feasible for broadcast delivery method of ReferenceTimeInfo by system information. From rapporteur perspective, it is reasonable to limit the usage of this pre-compensation to only unicast delivery.
Cat-b-Proposal 1 Enabling/disabling UE-side PDC is supported only for ReferenceTimeInfo by unicast delivery.

2.1.3 Signaling for PDC mechanism mode indication
In Rel-17, in compensation part, compared to Rel-16, the different approaches of Rel-17 would be employed. It is proposed in [10] , Rel-17 IIOT WI aims to develop a PDC mechanism(s) including PD estimation, signalling, and compensation. In compensation part, the difference of Rel-17 would be whether newly defined PD signalling is used by a UE. The indication can be included in ReferenceTimeInfo.
Cat-b-Proposal 2 RRC signalling indicates whether gNB provides PD value for UE-side compensation, i.e. (1) PDC based on gNB’s signalling on PD value (2) No UE side compensation (3) UE implementation based Rel-16 PDC.
Cat-b-Proposal 3 The indication of whether gNB provides PD value for UE-side compensation can be included in ReferenceTimeInfo.

2.1.4 Signalling to enable / disable UE-side PDC
Regarding the potential specification impact by the agreed signalling to enable / disable UE-side PDC，two basic approaches are depicted in the proposals submitted to this meeting:
· Option1: a new RRC parameter, can be introduced to explicitly enable/disable UE-side PDC [2] [6];
· Option2: UE performs PDC based on the latest accumulative TA upon receiving the referenceTimeInfo IE [5];
Three companies proposed their approaches on this issue: 
From the proposals, 2 out of 3 companies (Huawei, ZTE) propose to introduce a new IE/field to enable / disable UE-side PDC. in [2], it is proposed that an RRC parameter, e.g. TA-BasedPDC, can be introduced to explicitly enable/disable UE-side PDC and absence of the parameter means the UE shall apply Rel-16 behaviour, e.g. UE-implementation to apply TA-based PDC. In [6], it is proposed that gNB can just include a 1bit indication in the DLInformationTransfer message.
Meanwhile,only one company (vivo) expressed that a UE only needs to perform PDC when the referenceTimeInfo IE is received (e.g., via dedicated RRC message). In RAN2# 113e Agreement, RAN2 concluded that “There is no UE clock shift to be discussed”. If UE clock shift is not considered, UE can always keep reference time synchronization with NW after PDC is performed once. Thus, it is reasonable that UE only performs PDC upon receiving the referenceTimeInfo IE [5].
Hence, to reduce scope of discussion, it is suggested by rapporteur to attempt conclusion:
A new RRC parameter can be introduced to explicitly enable/disable UE-side PDC, FFS it is in the DLInformationTransfer message. 

UE performs PDC based on the latest accumulative TA upon receiving the referenceTimeInfo IE. 
PDC solutions：TA-based PDC & RTT-base PDC solution
The following options for propagation delay compensation are further studied in RAN1  
Scheme 1. 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)
Scheme 2. 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 position). 

Besides, Implicit PDC solution is proposed in [11] (OPPO), however, we will still focus on the TA-based PDC and RTT-base PDC solution. Some companies discussed on whether to support of enhancing TA by increasing granularity or reducing Te. Then, there are the following options to go at this phase:
· Option 1: Not support it, keeping the legacy TA procedure used for timing alignment of uplink [4];
· Option 2: Support [13];
· Option 3: Wait for RAN1/RAN4;
In [13], China Telecommunications suggested that RTT-based solutions shall be selected only when TA-based solutions with better granularity can’t meet the requirements. And in [13], it expressed that TA-based solutions can achieve higher time synchronization accuracy with finer TA granularity, thus meeting the stringent requirements in all the three scenarios. Since there is a small number of participants touched this issue, the rapporteur suggests insist on previous conclusion:
Wait for RAN1/RAN4 to make decision on selection of the specific option for PDC.
2.2.1 Enhancement in TA-based PDC solution
UE-side TA-based PDC
And the related proposal raised by QC can be discussed:
RAN2 should not introduce a PDC solution which changes the legacy TA procedure used for timing alignment of uplink.(1)
If RAN1 decided to support enhanced TA, RAN2 should ensure that this would only be applicable to PDC and not affect existing UL timing requirements. (1)

And there are two companies mentioned the issue related the TA value delivery:
OPPO proposed that in the case that UE-side PDC is applied for the TA-based PDC solution, the gNB needs to send the enhanced TAC MAC CE with a finer TA value to the UE [11]. 
Furthermore, China Telecommunications further proposed that the gNB can periodically indicate PDC value to UE through an additional MAC CE instead of the legacy TA value, according to the time synchronization requirements. It claimed that additional MAC CEs shall be introduced to indicate PDC values, making the PDC enhancement independent of the legacy TA procedure. Since the gNB needs to consider clock drift, UE’s mobility, and other issues, the new PDC value shall be periodically indicated to UE through the MAC CE according to the time synchronization requirements of the scenario.
If RAN1 decided to support enhanced TA, the gNB needs to send the enhanced TAC MAC CE with a finer TA value to the UE. (2/2)
The gNB can periodically indicate PDC value to UE through an additional MAC CE instead of the legacy TA value, according to the time synchronization requirements [13]. (1/1)

New trigger for TA update

[bookmark: OLE_LINK17]In [6], it also mentioned that RAN2 needs to discuss whether new trigger for TA update needs to be introduced, e.g., if the TA estimation error exceeds several number TA granularity, TA update would be triggered. Here the number of TA granularity can be. Since RAN2 just agreed that UE-based trigger for TA update or RACH procedure for PDC are deprioritized for Release 17 in RAN2#115-e meeting, so rapporteur proposes to postpone the discussion on the new trigger for TA update.

NW-side TA-based PDC
RAN2#115-e meeting agreed that “RAN2 assumes that gNB can perform pre-compensation.”  Only one company (Intel) proposed in [12], in TS 38.331, IE ReferenceTimeInfo-r16 is used to provide timing synchronization information. And current Sub-IE time-r16 ‘s text description precludes the possibility of pre-compensation at gNB side. Therefore the field description of IE time-r16 needs to be updated to support network pre-compensation e.g. either deleting the highlighted text, or changing the text by referring to the yet to be defined IE to enable/disable PDC. From rapporteur perspective, it is reasonable and to reduce scope of discussion, it is suggested by rapporteur to attempt conclusion:
Cat-a-Proposal 1 Field description of IE time-16 is updated to support network pre-compensation. (1/1)
In [3], an issue was mentioned that when the UE may receive two different values of reference time information, a pre-compensated value in SIB9, and an un-compensated value in the UE-specific DLInformationTransfer message. This requires an understanding from the UE that the broadcast reference time should not be considered, and the UE shall apply the reference time information in the RRC unicast message, i.e., DLInformationTransfer. From rapporteur perspective, it is reasonable and to reduce scope of discussion, it is suggested by rapporteur to attempt conclusion:
Cat-a-Proposal 2 When reference time information is received in both the DLInformationTransfer message and the SIB9, the UE applies the reference time info in the DLInformationTransfer message. (1/1)
2.2.3 Enhancement in RTT-based PDC solution
2.2.3.1 Way forward on discussion on RTT-based PDC solution in RAN2
As mentioned by some companies, although RAN1 has not yet agreed on whether to support RTT-based PDC method. To avoid deadlock between RAN1 and RAN2 on the design of RTT based method, we try to analyze the relevant RAN1 agreements and discuss the potential signalling flow, protocol level measurements exchange for RTT-based method along with RAN1 and RAN4 ongoing work.
· Option 1: wait for RAN1/RAN4(0)
· Optoin 2: RAN2 to discuss the RAN2 impact in terms of signalling framework/flow design of RTT based method along with RAN1 and RAN4 ongoing work. [2][4][7][9][13][12][14] (7/7: NTT DOCOMO, Intel, Nokia, CMCC, Qualcomm, Huawei, China Telecommunications)
Cat-a-Proposal 3 RAN2 to prioritize discussing the RAN2 impact in terms of framework and flow design of RTT based method that is needed to support RTT-based PDC along with RAN1 and RAN4 ongoing work. (7/7)

2.2.3.2 Signaling Framework for RTT-based PDC 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. Hence, there are two basic approaches:
Option1: reusing Multi-RTT based signalling flow (0)
Option2: the timing synchronization in I-IoT can be independent of positioning [2][12][14][7] (4/4: CMCC, Intel， Huawei, NTT DOCOMO)
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.


Figure 1: UE Positioning Overall Architecture applicable to NG-RAN [14]
Some companies [2][12][14][7] expressed that the current LMF-based architecture and procedure which involving CN network and positioning server (LMF) . This will cause excessive resource overhead and/or extended transmission delay, measurement delay, which 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.
In [2], it just expressed that RTT-based PDC solution will result in resource overhead, power consumption, as well as few additional signalling overhead and UE processing complexity. Among these incurred costs, we think resource overhead and power consumption need to be further studied. We propose if RTT-based PDC solution is adopted, methods to avoid excessive resource overhead and power consumption shall be further investigated.
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.



Figure 3: UE Positioning Overall Architecture applicable to NG-RAN [14]
Cat-b-Proposal 4 The timing synchronization in I-IoT can be independent of positioning , e.g. support that positioning functions for IIOT PDC are only located in the related UE and gNB, without the involvement of LMF and AMF. [2][12][14][7] (4/4)

2.2.3.3 Signaling Flow for RTT-based PDC method
In UE-side PDC RTT method, required additional signalling from RAN2 perspective is:
Define the information of gNB Rx-Tx time different measurement report in Uu interface. The detailed information IE can reuse IE nr-UE-RxTxTimeDiff-r16 defined in LPP protocol (TS 37.355). This signalling can be seen as the implicit RRC signalling to enable UE-side PDC. For RTT based PDC, RAN2 to discuss and decide how the RX-TX time difference is reported by UE with the following three options. 
· Option1: L1 signaling
· Option2: MAC signaling
· Option3: RRC signalling [12] [7]
For the additional signalling, one discussion point is whether those signalling should be RRC signalling or MAC CE or even L1 indication. RRC signalling is preferred in [12] since:
· RAN2 already agreed to use unicast RRC signalling to enable/disable PDC.
· Using RRC signalling is more aligned with existing measurement framework.
· RRC signalling is ciphered, therefore is helpful to protect user privacy.
[bookmark: Proposal_RRC]Although there are only 2 companies explicitly raised this issue, from rapporteur point of view, it is indeed reasonable:
Cat-a-Proposal 4 If RTT-based PDC is supported, RAN2 to introduce RRC signaling for Rx-Tx time difference measurement (de)activation and measurement report. (2/2)
Measurement Objective
One company (Nokia) proposed in [9], that per RAN1 agreement, in uplink, SRS is in general agreed to be supported, and in downlink, currently CSI-RS for tracking (TRS) and PRS will both be supported. The most important aspect of the Rx-Tx measurement is that it is clear which reference signal is used at the UE and the gNB, then the gNB need to manage which CSI-RS, PRS and SRS resources can be used for PDC. And in [9], it is proposed that for RTT based PDC, all variants of CSI-RS, PRS and SRS configuration options from Release-16 can be used for purposes of PDC. Meanwhile, Intel proposed that if RTT-based PDC is supported and PRS is to be used for UE Rx-Tx time difference measurement, broadcasted PRS configuration (as in posSibType6-1) is used.  .
Cat-b-Proposal 5 If RTT-based PDC is supported, the gNB may configure the CSI-RS/PRS resource ID along with the SRS resource ID that the UE may use for purposes of PDC. (1)
Cat-b-Proposal 6 If RTT-based PDC is supported, all variants of CSI-RS, PRS and SRS could be employed. (1)
Cat-b-Proposal 7 If RTT-based PDC is supported and PRS is to be used for UE Rx-Tx time difference measurement, broadcasted PRS configuration (as in posSibType6-1) is used.(1)  .

Measurement report signalling
It is proposed in [2][9] that for UE-side PDC is supported with RTT based PDC, and that the gNB signals the UE with Rx-Tx measurement report allowing the UE to calculate the RTT and hence DL PD estimation. The RRC framework can be utilized for the gNB to deliver Rx-Tx measurement reports to the UE.
Cat-b-Proposal 8 If RTT-based PDC is supported, the gNB delivers Rx-Tx measurement report to the UE via RRC signalling.

Measurement Periodicities
It is illustrated that in [9], for PDC it will be important that the periodicities are at least in the same order of SIB9, which delivery rate can be from 80ms up to 5s. The same set of periodicities can be applied to both TA and RTT based PDC methods (i.e. not be limited to a specific PDC method). From rapporteur perspective, this may require more RAN1 input:
Cat-b-Proposal 9 If RTT-based PDC is supported, PDC update periodicities should not be lower than 80ms and can be set to be similar as SIB9 periodicities. (1)
However, it can be left for gNB implementation to select the most appropriate periodicities and RS configuration. And to minimize specification impact for supporting PDC, we do not see any need to restrict from the existing CSI-RS, SRS and PRS configurations.
Cat-b-Proposal 10 If RTT-based PDC is supported,all variants of CSI-RS, PRS and SRS could be employed.(1)

Trigger condition for UE to start RX-TX time different measurement and reporting
Additionally, how to trigger UE to report RX-TX time difference is an open issue. Generally, the following three options are proposed:
· Option1: Periodical UE Rx-Tx time difference measurement/reporting. 
· Option2: gNB explicitly indicate UE to conduct RTT measurement/reporting using dedicated signaling. 
· Option3: event based trigger e.g. UE start RTT measurement/reporting when UE is far away from gNB. [7]
Considering PDC is only needed when UE is far away from the gNB, periodically UE Rx-Tx time difference measurement reporting is also not efficient from power saving perspective, therefore event type UE Rx-Tx time difference measurement and reporting could be introduced for RTT based PDC.
RAN2 to discuss the trigger condition for UE to start RX-TX time different measurement and reporting.
Introduce event triggered RX-TX time different measurement and reporting.

UE Capability
In [6][11], ZTE and OPPO mentioned that the gNB needs to send the above indication information only to the R17 UE which has the ability to apply PDC. Therefore, UE needs to report its capability to network and then gNB will use unicast RRC signaling to send the above indication only if it knows that UE can support PDC. 
Introduce a new UE capability on the support of accurate time synchronization or Rel-17 PDC mechanism.
Conclusions
Based on the discussion in the previous sections, the following Cat-A proposals were identified:
1. : RAN2 should only focus on the specification impact from supporting UE-side propagation delay compensation, regardless of whether the TA-based or RTT-based PDC method is used. (4/5)
Cat-a-Proposal 6 : From RAN2 perspective, traditional TA-based PDC shall be supported at least for smart grid scenario, and network can enable/disable UE-side PDC via unicast RRC signalling. (3/3)
Cat-a-Proposal 7 A new RRC parameter can be introduced to explicitly enable/disable UE-side PDC, FFS it is in the DLInformationTransfer message.
Cat-a-Proposal 8 Field description of IE time-16 is updated to support network pre-compensation. (1/1)
Cat-a-Proposal 9 When reference time information is received in both the DLInformationTransfer message and the SIB9, the UE applies the reference time info in the DLInformationTransfer message. (1/1)
Cat-a-Proposal 10 RAN2 to prioritize discussing the RAN2 impact in terms of framework and flow design of RTT based method that is needed to support RTT-based PDC along with RAN1 and RAN4 ongoing work. (7/7)
If RTT-based PDC is supported, RAN2 to introduce RRC signaling for Rx-Tx time difference measurement (de)activation and measurement report. (2/2)

Based on the discussion in the previous sections, the following Cat-B proposals were identified:
Cat-b-Proposal 1 Enabling/disabling UE-side PDC is supported only for ReferenceTimeInfo by unicast delivery (1).
Cat-b-Proposal 2 RRC signalling indicates whether gNB provides PD value for UE-side compensation, i.e. (1) PDC based on gNB’s signalling on PD value (2) No UE side compensation (3) UE implementation based Rel-16 PDC.
Cat-b-Proposal 3 The indication of whether gNB provides PD value for UE-side compensation can be included in ReferenceTimeInfo.
Cat-b-Proposal 4 The timing synchronization in I-IoT can be independent of positioning , e.g. support that positioning functions for IIOT PDC are only located in the related UE and gNB, without the involvement of LMF and AMF. [2][12][14][7] (4/4)
Cat-b-Proposal 5 If RTT-based PDC is supported, the gNB may configure the CSI-RS/PRS resource ID along with the SRS resource ID that the UE may use for purposes of PDC. (1)
Cat-b-Proposal 6 If RTT-based PDC is supported, all variants of CSI-RS, PRS and SRS could be employed. (1)
Cat-b-Proposal 7 If RTT-based PDC is supported and PRS is to be used for UE Rx-Tx time difference measurement, broadcasted PRS configuration (as in posSibType6-1) is used.(1)
Cat-b-Proposal 8 If RTT-based PDC is supported, the gNB delivers Rx-Tx measurement report to the UE via RRC signalling.
Cat-b-Proposal 9 If RTT-based PDC is supported, PDC update periodicities should not be lower than 80ms and can be set to be similar as SIB9 periodicities. (1)
Cat-b-Proposal 10 If RTT-based PDC is supported,all variants of CSI-RS, PRS and SRS could be employed.(1)
Based on the discussion in the previous sections, the following Cat-C proposals were identified:
1. UE performs PDC based on the latest accumulative TA upon receiving the referenceTimeInfo IE. 
RAN2 should not introduce a PDC solution which changes the legacy TA procedure used for timing alignment of uplink.(1)
If RAN1 decided to support enhanced TA, RAN2 should ensure that this would only be applicable to PDC and not affect existing UL timing requirements. (1)
If RAN1 decided to support enhanced TA, the gNB needs to send the enhanced TAC MAC CE with a finer TA value to the UE. (2/2)
The gNB can periodically indicate PDC value to UE through an additional MAC CE instead of the legacy TA value, according to the time synchronization requirements [13]. (1/1)
RAN2 to discuss the trigger condition for UE to start RX-TX time different measurement and reporting.
Introduce event triggered RX-TX time different measurement and reporting.
Introduce a new UE capability on the support of accurate time synchronization or Rel-17 PDC mechanism.
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 Annex –Agreements on PDC
In RAN2#113-e and RAN2#115-e meeting, regarding the Propagation delay for TSN, it was agreed that:
	Agreements
· RAN2 assumes that gNB can perform pre-compensation.  RAN2 agrees to introduce signalling to enable/disable UE-side PDC.  
· The gNB can enable/disable UE-side PDC via unicast-RRC signalling for Rel-17
· 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.  
· UE Assistance information from the UE which could for example be used by gNB to activate PDC is not supported
· Implicit activation of UE-side PDC when a pre-configured threshold is met is not supported
· UE-based trigger for TA update or RACH procedure for PDC are deprioritized for Release 17

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 last RAN1#106 meeting, regarding the Propagation delay for TSN, RAN1 had achieved the following conclusion:
	Agreement
For RTT-based PDC, only a single pair of CSI-RS for tracking (TRS)/PRS and SRS configuration, i.e. one CSI-RS for tracking (TRS)/PRS configuration for Rx – Tx time difference estimation at UE side and one SRS configuration for Rx – Tx time difference estimation at gNB side, is configured for PDC in Rel-17, if RTT-based PDC is supported. 
Agreement
If RTT-based propagation delay compensation is supported and performed at the gNB side, the Rx-Tx measurement report provided from the UE to the gNB should include at least:  
· UE Rx-Tx time difference at a given granularity


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). 

· 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.   
1. 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.
1. errorUE,DL,RX is based on other signals (e.g. CSI-RS) instead of SSB.
1. errorBS, UL,RX iss based on other uplink signals instead of contention based PRACH, e.g. SRS.  
1. 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.   
1. FFS whether PRS can be used for UE Rx – Tx time difference estimation or not  
1. 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



Key agreements specific for RTT-based PDC
	
[bookmark: OLE_LINK11]Agreement (Note: Agreements from RAN1#106-e and RAN1#106b-e are merged)
For evaluation of the overall time synchronization error for RTT-based propagation delay compensation,
· Alt.1 for RTT-based PDC
[image: ]



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

Agreement
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
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
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
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

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

Agreement
For RTT-based PDC, only a single pair of CSI-RS for tracking (TRS)/PRS and SRS configuration, i.e. one CSI-RS for tracking (TRS)/PRS configuration for Rx – Tx time difference estimation at UE side and one SRS configuration for Rx – Tx time difference estimation at gNB side, is configured for PDC in Rel-17, if RTT-based PDC is supported.


Agreement
If RTT-based propagation delay compensation is supported, the Rx-Tx time difference is reported with granularity 2k*Tc, where k is an integer satisfying 0<=k<=5.   
· FFS the value of k
· FFS the reporting range of Rx-Tx time difference measurement for PDC
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