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Introduction
The new WID of NR Industrial Internet of Things (IoT) and URLLC support was approved in RAN#86 and revised in RAN#88e [1]. In which, the following objective is included:
	...
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]


[bookmark: OLE_LINK18]Based on the discussion in RAN3#113e meeting, the following agreements on time synchronization have been achieved:
	· For the time synchronization error budget, it is FFS for which level (e.g., UE level, PDU session level, or QoS flow level) and for its details (e.g., parameter name, parameter meaning, and value range)
· [bookmark: OLE_LINK32]It is FFS on whether assistance information (e.g., UE TSN timing reference, referenceTimeInfo delivery periodicity, timestamp) should be delivered during HO.


Based on the discussion in RAN3#114e meeting, the following agreements on Time Synchronisation Assistance Information have been achieved:
	· Introduce the Time Synchronisation Assistance Information IE as an optional UE-level parameter in 
· NGAP (INITIAL CONTEXT SETUP REQUEST, UE CONTEXT MODIFICATION REQUEST, HANDOVER REQUEST, and PATH SWITCH REQUEST ACKNOWLEDGEMENT [FFS]),
· XnAP (HANDOVER REQUEST and RETRIEVE UE CONTEXT RESPONSE)
·  The Time Synchronisation Assistance Information IE includes two sub-IEs:
· Time Distribution Indication IE, encoded as ENUMERATED type with two codepoints (enabled, disabled).
· Uu Time Synchronisation Error Budget IE encoded as INTEGER type having range 1ns to 1ms, and 1ns granularity.
· WA: The Uu Time Synchronisation Error Budget IE is needed over F1AP, details FFS.


In RAN3#114bis meeting, the following agreements on Time Synchronization assistance parameters and  RTT-based PDC have been achieved :
	· Introduce the Time Synchronisation Assistance Information IE as an optional UE-level parameter in PATH SWITCH REQUEST ACKNOWLEDGEMENT.
· It is the gNB-CU that decides whether/how to perform PDC (Note: the PDC mechanisms to be specified in Rel-17, if any, are FFS pending RAN2).


[bookmark: OLE_LINK2]In this contribution, we will mainly discuss the potential RAN3 impacts of Time Synchronization error budget information and the RTT-based PDC.  Then we’ll give our proposals.
[bookmark: OLE_LINK4]Discussion
In RAN3#114bis meeting, the issues of Time Synchronization error budget information have been discussed. For F1AP, some companies indicated that the Uu Time Synchronisation Error Budget affects RTI delivery. In our view, the Uu synchronization error budget is mainly used to decide the RTI contents(e.g. uncertainty field) and the propagation delay compensation accuracy(e.g. decide the propagation delay compensation periodicity and decide whether high-accuracy propagation delay compensation is used).
As for the RTI periodicity, if the propagation delay compensation has not been performed by gNB for the RTI and UE receives the RTI once, UE can always deduce the gNB’s RTI value of a radio frame boundary when the UE keeps synchronization with the gNB, it does not matter what the RTI delivery periodicity is.     Furthermore, the Uu synchronization error budget will be used for RTI contents decision (e.g. uncertainty field). gNB can provide RTI with accuracy from 10ns to 1ms. Usually, the higher Uu synchronization error budget accuracy is, the higher RTI accuracy need to be provided. And the higher RTI accuracy is provided, the higher gNB crystal oscillator accuracy and the more gNB power consumption will be need. gNB only need to provide the RTI with accuracy that is necessary.
Observation 1: The Uu Synchronisation Error Budget can affect the uncertainty field of the RTI.
In addition,  the Uu Time Synchronisation Error Budget IE should be carried in a UE-associated or non-UE associated procedure over F1AP that requires further analysis. We think that it is more appropriate to use the non-UE associated signalling in F1AP and the analysis is as follow.
In the case of accurate time synchronization by unicast, gNB-CU needs to inform gNB-DU of the Uu time synchronization error budget, so that gNB-DU can provide appropriate reference time accuracy. If the Uu time synchronization error budget information over F1AP is carried in UE-associated signalling, considering that gNB may need provide the reference time to UE periodically and the reference time provided by gNB-DU is valid only within 512radioFrames, it seems there is not suitable UE-associated signalling over F1AP to carry such information.  Furthermore, if the reference time is necessary for multiple UEs, the UE-associated signalling will cost unnecessary signalling overhead. So, UE-associated signalling to carry the Uu time synchronization error budget information is not preferable.
[bookmark: OLE_LINK5]Although the Uu time synchronization error budget information in gNB-CU is provided by UE associated signalling over NGAP/XnAP, the gNB-CU can send the minimum Uu time synchronization error budget (e.g. the most rigorous budget) of multiple UEs to the gNB-DU, and gNB-DU reports the reference time with the minimum budget based on the gNB-CU request. Upon receiving the reference time, gNB-CU can provide the received reference time directly to UE (e.g. the minimum budget can fulfill all the UEs’ requirement), or provide the updated reference time to UE based on the UE’s budget request. 
In the case of accurate time synchronization by broadcast, since there is not cell level Uu time synchronization error budget request and gNB-DU can re-write the SIB9 (e.g. including reference time information), the Uu time synchronization error budget can be decided in gNB-DU by OAM(e.g. no Uu time synchronization error budget is delivered over F1AP for the case of accurate time synchronization by broadcast).
Observation 2: For unicast, the gNB-CU can send the minimum Uu time synchronization error budget (e.g. the most rigorous budget) of multiple UEs to the gNB-DU, and gNB-DU reports the reference time with the minimum budget based on the gNB-CU request. 
Furthermore, since non-UE associated signallings in F1AP are used to request/report the reference time, it is simple to carry the Uu time synchronization error budget in the non-UE associated signallings (e.g. REFERENCE TIME INFORMATION REPORTING CONTROL message), so that gNB-DU can provide appropriate reference time accuracy.
Proposal 1: For F1AP, the gNB-CU notifies the gNB-DU of the Uu time synchronization error budget information through the REFERENCE TIME INFORMATION REPORTING CONTROL message.
An LS [2] is sent from RAN2 to RAN3 as following indicating that RAN2 has agreed to support RTT-based PDC and TA-based PDC in Rel-17.
	1. Overall Description:
In RAN2#116bis e-meeting, based on the latest RAN1 progress as indicated in [R2-2200080], RAN2 has discussed the open issues for Time Synchronization and focus on the specification impacts of RTT-based PDC and legacy TA-based PDC procedures. The agreements are achieved as below:
1. Both RTT-based PDC and legacy TA-based PDC are supported.
2. Both RTT-based UE side PDC and RTT-based gNB side PDC are supported.  RTT-based gNB side PDC has to be a simple solution and converge by February meeting.  
3. A single pair of TRS/PRS and SRS is configured via RRC signaling for RTT-based PDC.
4. For RTT-based UE side PDC, gNB Rx-Tx time difference, e.g., gNBRx-Tx, shall be provided to UE via DLInformationTransfer signaling.
5. No need to introduce additional activation for RTT measurement in UE side.
6. For RTT-based gNB side PDC, RRC measurement framework can be reused as baseline to provide UE Rx-Tx time difference report.
7. For RTT-based gNB side PDC, besides UE Rx-Tx time difference, no additional information needs to be reported to NW.
8. The signaling flow(s) of RTT-based PDC can be captured in stage-2 specification (taking the examples in [R2-2200991] or [R2-2201016] as baseline). The details can be further fine-tuned based on RAN2 agreements during stage-2 running CR review.
9. FFS an explicit indication to only activate UE side TA-based PDC is introduced in SIB or in unicast signalling and what is indicated
10. FFS For TA-based PDC, it’s no need to specify PD calculation related contents in RAN2.
11. Network configuration should guarantee that RTT-based PDC and TA-based PDC are not activated simultaneously for a UE.
12. RAN2 confirms to introduce separate R17 UE capabilities for RTT-based PDC and legacy TA-based PDC, as defined by RAN1 feature list.
13. RAN2 confirm the agreement in last meeting that reference time provided in dedicated signaling takes priority.  FFS UE behavior when it receives reference time info via dedicated signaling.  
14. It’s no need to specify solution for the issue of mismatch between propagation delay value and reference time information.

Moreover, in recent RAN2 e-meetings, some agreements related to TA-based PDC have been achieved as below:
RAN2#115 e-meeting:
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.
RAN2#116 e-meeting:
1. The gNB can enable/disable UE-side PDC via unicast and broadcast RRC signalling.

RAN2 understands that the above agreements marked with highlight yellow may have impacts on RAN3 specifications, e.g., F1 application protocol. Therefore RAN2 respectfully ask RAN3 to take the above information into account and to see whether changes to specification are needed.

2. Actions:
To 3GPP RAN3
ACTION: RAN2 respectfully asks RAN3 to take the above information into account in their future work.


According to the above LS, the gNB(UE) delivers Rx-Tx measurement report to the UE(gNB) via RRC signaling. In other words, for RTT-based PDC at UE or gNB, the gNB-DU reports the gNB Rx-Tx time difference of a UE to the gNB-CU, so that the gNB-CU can send the gNB Rx-Tx Time difference to the UE by unicast RRC message. And gNB-CU sending TRS/PRS and SRS configuration information to gNB-DU is triggered to report the gNB Rx-Tx time difference of a UE, the report can be period or on demand.
In addition, we think that TRS/PRS and SRS configuration information can be included in UE CONTEXT SETUP REQUEST and UE CONTEXT MODIFICATION REQUEST, and the specific configuration information needs to wait for the conclusion of RAN2. Therefore, when the gNB-CU configures the measurement information, the gNB-DU should provide the gNB-CU with the gNB Rx-Tx time difference for each UE through the UE-related process.
Proposal 2: The TRS/PRS and SRS configuration information triggers gNB-DU to report (period or on demand) to gNB Rx-Tx time difference, and the specific configuration information needs to wait for RAN2’s conclusion.
Proposal 3: The new UE-associated F1AP procedure and messages are introduced to support gNB-DU to report gNB Rx-Tx time difference to gNB-CU, e.g. the gNB Rx-Tx Time Difference Information Report messages.
Based on the above analysis, we think that we need to add the Uu time synchronization error budget and the gNB Rx-Tx Time Difference Information Report messages in TS38.473. We provide the text proposal for TS 38.473 in [3].
[bookmark: OLE_LINK1]Conclusions
In this contribution, we make the following observations and proposals:
Observation 1: The Uu Synchronisation Error Budget can affect the uncertainty field of the RTI.
Observation 2: For unicast, the gNB-CU can send the minimum Uu time synchronization error budget (e.g. the most rigorous budget) of multiple UEs to the gNB-DU, and gNB-DU reports the reference time with the minimum budget based on the gNB-CU request. 
Proposal 1: For F1AP, the gNB-CU notifies the gNB-DU of the Uu time synchronization error budget information through the REFERENCE TIME INFORMATION REPORTING CONTROL message.
[bookmark: _GoBack]Proposal 2: The TRS/PRS and SRS configuration information triggers gNB-DU to report (period or on demand) to gNB Rx-Tx time difference, and the specific configuration information needs to wait for RAN2’s conclusion.
Proposal 3: The new UE-associated F1AP procedure and messages are introduced to support gNB-DU to report gNB Rx-Tx time difference to gNB-CU, e.g. the gNB Rx-Tx Time Difference Information Report messages.
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