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Introduction
The new WID of NR Industrial Internet of Things (IoT) was approved in RAN#83[1]. In which, the following objective is included:
	...
3． The detailed objectives for NR TSC-related enhancements include:
· Specify accurate reference timing delivery from gNB to UE using broadcast and unicast RRC signalling (with EUTRA Rel-15 signalling solution as baseline) for synchronization requirements defined in TS 22.104) [RAN2].
· Specify enhancements to satisfy QoS for wireless Ethernet when using TSC traffic patterns, including 
· Support of provisioning, from Core Network to RAN and between RAN nodes (e.g. upon handover), of UE’s TSC traffic pattern related information such as message periodicity, message size, message arrival time at gNB (DL) and UE (UL) [RAN3].
· Support for multiple simultaneous active semi-persistent scheduling (SPS) configurations for a given BWP of a UE. [RAN2, RAN1].
· Support for shorter SPS periodicities than the existing ones [RAN2, RAN1].
· Address support for TSC message periodicities with non-integer multiple of NR supported CG/SPS periodicities, as captured in TR 38.825, section 6.5.2. [RAN2, RAN1].
· Specify Ethernet header compression based on structure-aware algorithm [RAN2].
· Ethernet header compression solution for LTE to be specified once the design principle for NR is agreed. The impacted LTE specifications to be added latest at RAN#85.


[bookmark: OLE_LINK8]Based on the Report of 3GPP TSG RAN2#109e[2], the following agreements on reference timing delivery have been achieved:
	· [bookmark: OLE_LINK18]It is FFS if UE in RRC Connected can request SIB9 using on-demand SI request (by reusing OSI mechanism defined for RRC Connected UEs, with assumption of no additional work is needed in IIOT WI)


[bookmark: OLE_LINK7]In this contribution, we will mainly discuss the issue of request for accurate reference timing delivery and give our proposals.
Discussion
[bookmark: OLE_LINK44][bookmark: OLE_LINK14]Based on the email discussion of RAN2#109e, some companies think that RAN can know the reference timing based on information such as S-NSSAI or TSCAI.
[bookmark: OLE_LINK43]For the S-NSSAI, the RAN can determine the requirement of reference timing based on the information it receives from the core network, and use it to inform NG-RAN about the need for reference timing delivery:
[bookmark: OLE_LINK64][bookmark: OLE_LINK25]-UEs which are required to receive time synchronization information are configured with a specific S-NSSAI.
[bookmark: OLE_LINK16]-Based on local NG-RAN configuration, if NG-RAN serves at least one UE that has a PDU session with an S-NSSAI that is locally configured for reference timing delivery, then NG-RAN delivers 5G reference timing information.
[bookmark: OLE_LINK24][bookmark: OLE_LINK36][bookmark: OLE_LINK32][bookmark: OLE_LINK27][bookmark: OLE_LINK46][bookmark: OLE_LINK26][bookmark: OLE_LINK47][bookmark: OLE_LINK35]In the process of UE Context Handling, PDU Session Setup Handling and Mobility, the core network sends the S-NSSAI list carrying the accurate reference timing request information to the gNB. Prior to this, the gNB chose S-NSSAI according to the two optional methods(Temp ID optional, NSSAI optional) sent by UE or the default mode of the gNB. This means that when the gNB selects S-NSSAI by default, the gNB cannot know the service type of UE. In addition, the request information only indicates the service type, and does not involve the reference timing precision requirement. If the reference timing precision sent by the gNB is higher than the precision required by the UE, the resource overhead is wasted.
[bookmark: OLE_LINK45]Observation 1: Since the gNB chooses S-NSSAI according to the two optional methods sent by UE or the default mode of the gNB, it may be impossible for the gNB to know the service type of UE.
[bookmark: OLE_LINK37]For TSCAI, only TSCAI for TSC services with deterministic traffic pattern has been specified while TSCAI for TSC services with deterministic delay but non-deterministic traffic pattern hasn’t been specified. Therefore, the TSCAI-based method does not always implement the request for the accurate reference timing.
[bookmark: _GoBack]Observation 2: TSCAI for TSC services with deterministic delay but non-deterministic traffic pattern cannot implement the request for the accurate reference timing.
[bookmark: OLE_LINK48][bookmark: OLE_LINK38][bookmark: OLE_LINK9]Based on the above discussions, we think NG-RAN cannot get enough information from core network and request from UE is needed. In addation, even if NG-RAN can know that a UE has TSC service based on some information from core network, NG-RAN may still not know whether broadcasting accurate reference timing in SIB is enough and whether UE needs to update its clock or to require a security clock. In such case, we think UE request for accurate reference timing delivery in unicast is still needed.
[bookmark: OLE_LINK29]Observation 3: In methods S-NSSAI and TSCAI, gNB cannot get enough information about accurate reference timing from the core network, and neither of them can distinguish whether reference timing information is transmitted by broadcast or unicast.
[bookmark: OLE_LINK21][bookmark: OLE_LINK50][bookmark: OLE_LINK28][bookmark: OLE_LINK30][bookmark: OLE_LINK17][bookmark: OLE_LINK51][bookmark: OLE_LINK57][bookmark: OLE_LINK52][bookmark: OLE_LINK39][bookmark: OLE_LINK53][bookmark: OLE_LINK58][bookmark: OLE_LINK54][bookmark: OLE_LINK40]Based on email discussions, some companies suggest that UE in RRC Connected can request SIB9 or DLInformationTransfer using on-demand SI request, but there may be some unavoidable problems. e.g., if on-demand SI request could trigger that referenceTimeInfo is sent either in SIB9 or in DLInformationTransfer, it is not clear how the gNB chooses the two transmission mechanisms. Moreover, on-demand SIB framework is about asking for a SIB message, and we believe mixing these two together would create more confusion in the discussion. From the perspective of security, the on-demand SI request for SIB9 broadcast is obviously less secure than the unicast based on an accurate reference timing request indication. So we don’t against UE can request SIB9 using on-demand SI request, but also think it cannot completely solve the issue. 
[bookmark: OLE_LINK31]Observation 4: On-demand SI request can trigger sending ReferenceTimeInfo, in SIB9 or DLInformationTransfer, which can be mixed up to cause more confusion.
[bookmark: OLE_LINK23][bookmark: OLE_LINK42][bookmark: OLE_LINK60][bookmark: OLE_LINK55]Observation 5: Under the condition that there is no precision indication of the UE synchronization clock, gNB will always send high-precision reference timing information, which will lead to greater resource overhead. 
[bookmark: OLE_LINK15][bookmark: OLE_LINK41][bookmark: OLE_LINK59][bookmark: OLE_LINK62]As the accurate reference timing is mainly used for TSC service, it should be delivered to UE by unicast RRC signaling only if the UE is triggering TSC service and needs to (re)acquire the accurate reference timing. It’s no need to deliver accurate reference timing at each time of RRC connection establishment.Therefore, in order that eNB can know whether the UE is triggering a TSC service, an accurate reference timing request indication from UE to eNB would be needed when the UE triggers TSC service establishment. Based on email discussions, this request indication can be included in RRC message or UEAssistanceInformation message. e.g., to carry unicast reference timing delivery request in RRC Msg5 (establishment complete or reconfiguration complete) or in an uplink dedicated message (UE assistance information message). This approach has the advantage of being extensible in future with further information regarding to synchronization delivery, e.g. the UE could also inform gNB about additional information such as the required accuracy of the information or required periodicity of the time information which may differ depending on the synchronization service accuracy requirement.
[bookmark: OLE_LINK61]Proposal 1: It’s suggested to provide an accurate reference timing request indication, e.g., in RRC Msg5 or UE assistance information message for indicating whether accurate reference timing delivery by unicast is needed by the UE. 
[bookmark: OLE_LINK49][bookmark: OLE_LINK65]Proposal 1a: In RRC Msg5 or UE assistance information message, the precision of the UE synchronization clock should be included in the accurate reference timing request information.
[bookmark: OLE_LINK56][bookmark: OLE_LINK22][bookmark: OLE_LINK20]Furthermore, considering that the TSC service period is generally long and the UE clock will drift, the UE needs to be calibrated again within a certain period of time, which means that the unicast accurate reference timing should be delivered periodically. The periodicity would depend on the UE’s crystal oscillator precision and time drift degree, which may be different for different UEs. If the gNB does not obtain the period information, it will cause the gNB to send frequently according to the minimum period, resulting in a waste of resources. Thus, together with the accurate reference timing request indication, an accurate reference timing delivery periodicity also need to be indicated to the gNB, if the UE wants to be provided with accurate reference timing periodically.
[bookmark: OLE_LINK6][bookmark: OLE_LINK3]Proposal 2: It’s suggested to also optionally indicate an accurate reference timing delivery periodicity from the UE to the gNB.
[bookmark: OLE_LINK1]Conclusions
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]In this contribution, we make the following observations and proposals:
Observation 1: Since the gNB chooses S-NSSAI according to the two optional methods sent by UE or the default mode of the gNB, it may be impossible for the gNB to know the service type of UE.
Observation 2: TSCAI for TSC services with deterministic delay but non-deterministic traffic pattern cannot implement the request for the accurate reference timing.
Observation 3: In methods S-NSSAI and TSCAI, gNB cannot get enough information about accurate reference timing from the core network, and neither of them can distinguish whether reference timing information is transmitted by broadcast or unicast.
Observation 4: On-demand SI request can trigger sending ReferenceTimeInfo, in SIB9 or DLInformationTransfer, which can be mixed up to cause more confusion.
Observation 5: Under the condition that there is no precision indication of the UE synchronization clock, gNB will always send high-precision reference timing information, which will lead to greater resource overhead.
 
Proposal 1: It’s suggested to provide an accurate reference timing request indication, e.g., in RRC Msg5 or UE assistance information message for indicating whether accurate reference timing delivery by unicast is needed by the UE. 
Proposal 1a: In RRC Msg5 or UE assistance information message, the precision of the UE synchronization clock should be included in the accurate reference timing request information.
Proposal 2: It’s suggested to also optionally indicate an accurate reference timing delivery periodicity from the UE to the gNB.
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