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In this contribution, a summary is provided on the open issues of the agenda item “6.7.2.1	Accurate reference timing”. The agreements and FFS issues related to the accurate reference time in the RAN2#109e meeting are listed as follows:
	· Capture for the reference time information in 38.331 that “The indicated time is referenced at the network, i.e., without compensating for RF propagation delay.”
· In Rel-16, propagation delay compensation may be done by UE implementation.
· Do not capture propagation delay compensation aspect in stage-2 specifications.
· No EN-DC specific enhancements are pursued for accurate reference time objective of Rel-16 IIOT WI.
· Do not make any specifications changes to indicate which of the received reference time information takes precedence in case the UE receives reference time via both unicast and broadcast signalling. 
· 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).



Discussion
UE request of reference time
This section provides a summary on the UE request of reference time.
	Company (Tdoc)
	Proposals
	Argument

	Ericsson [1]
	Proposal 1:	No additional RRC standardization efforts are needed to allow the UE to request accurate reference information.
Proposal 2: For the SIBs related to NR IIoT WI (i.e., SIB9), the on-demand SI request feature for RRC_CONNECTED UEs is not supported.
	RAN can determine need for reference timing based on information received from core network by using an existing N2-SM parameter (S-NSSAI), provision of TSCAI to RAN from the core network and UE capability reporting to RAN.
Observation 1: gNB is aware whether a UE needs accurate reference time information.

	Ericsson [15]
	Proposal 1: The UE shall not be allowed to request SIB9 on-demand while in RRC_CONNECTED.

	Observation 1:	If the current on-demand SIB procedure (for UE in RRC_CONNECTED) is used, there is no possibility for the UE to explicitly request the field referenceTimeInfo (that is the relevant field for the IIoT WI).
Observation 2:	The gNB is aware whether a UE needs accurate reference time information and thus there may be no benefit to allow the UE in CONNECTED to request the SIB9 on-demand.
Observation 3:	The current on-demand SIB procedure (for UE in RRC_CONNECTED) is not able to deliver the SIB9 to the UE via dedicated RRC signaling.
Observation 4	: If the UE is allowed to request SIB9 on-demand, a new “ad-hoc” procedure is needed for its handling thus leading to more standardization effort.

	Samsung [5]
	Proposal 1. UE’s request on timing delivery is not supported in Rel-16. RAN2 assumes gNB can know if there is a UE requiring the timing information.
Proposal 2. If RAN2 agree UE’s request of ReferenceTimeInfo, UE assistance is used. 
	Observation 1. By existing mechanism, gNB can know if there is a UE requiring timing information.
Observation 3. Using on-demand SI is more about SI discussion, not IIOT specific issue.

	CATT [3]
	Proposal 1: UE in RRC Connected can acquire referenceTimeInfo in SIB9 using on-demand SI request procedure.
	Observation 1: Rel-16 already supports that UE in RRC Connected can request SIB9 by reusing OSI mechanism defined for RRC Connected UEs, and no additional work is needed in IIOT WI in Rel-16.

	vivo [4]
	Proposal 1: The CONNECTED UE is allowed to request SIB9.
	Observation 1: SIB9 includes not only the referenceTimeInfo field (for the TSC UE) but also the legacy timeInfo field (for the non-TSC UE).
Observation 2: If the CONNECTED on-demand SI procedure supports SIB9, the TSC UE should be allowed to request SIB9.
Observation 3: The current RRC specification already allows the SIB9 transmission via the RRCReconfiguration message, including both the referenceTimeInfo field (for the TSC UE) and the legacy timeInfo field (for the non-TSC UE).

	OPPO [6]
	Proposal 1: kindly asks RAN2 to accept taking advantage of OSI request for obtaining the time reference information UE in RRC_connected state.
	Observation 3: suppose that the reception of the first SIB at the UE for 5G internal synchronization is latter than the arrive of the gPTP message, UE cannot include a performance-satisfying timestamp in the correction field in the gPTP message, which will lead to erroneous calculation of the processing time of the gPTP message in the 5GS, and therefore the failure of timing synchronization between TSC network and TSC terminal.
Observation 4: If the TSC synchronization service could be attached with a specific PDU session/QoS flow remains questionable. It is totally up to operator network configuration. We should avoid making such assumption.

	
	
	Observation 5: Both of OSI request and UEAssistanceInformation message notification mechanism are acceptable. The time reference information could be obtained by UE more instantly by taking advantage of them.

	Huawei [14]
	Proposal 1: UE in RRC Connected can request SIB9 by reusing OSI mechanism without indication.
	Observation 1: It is straightforward to reuse on-demand SI request in RRC_CONNECTED mechanism for SIB9.


	Nokia [8]
	Proposal 1: There should be a mechanism for UE in RRC_CONNECTED mode to explicitly request the accurate reference time delivery from the gNB.
Proposal 2: UEAssistanceInformation message shall be used by the UE to request reference time delivery from the gNB.
Proposal 3: If Proposal 2 is agreed, OSI request for SIB9 is not crucial from IIOT perspective. If Proposal 2 cannot be agreed, RAN2 should support OSI request for SIB9.

	Observation 1: A mechanism allowing the UE to explicitly request SIB9 in RRC_CONNECTED is beneficial as TSCAI and/or S-NSSAI is not always available to the gNB.
Observation 3: There are no technical reasons for which OSI framework would not be applicable for SIB9.


	ZTE, China Southern Power Grid [9]
	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.

	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.


	CMCC [13]
	Proposal 1: It is proposed that RAN can determine on the reference time granularity in the RRC message based on the UE’s report on its reference timing accuracy requirement.
	Observation 1: According to SA2’s answer in the LS, there is no any additional information to RAN from SA2 for determining the need for unicast reference time delivery.
Observation 2: it is reasonable to just send the reference time information with finer granularity to the UE with high reference timing accuracy requirement, e.g. UE with TSC service, especially in unicast signalling mode.



	Summary:
7 papers [3] [4] [6] [8] [9] [13] [14] proposed that the UE in CONNECTED can request reference time, and 2 papers [1] [5] considers that this is not needed. 
If the UE in CONNECTED can request reference time, 6 papers [3] [4] [6] [8] [13] [14] support to use the CONNECTED OSI procedure to request reference time, and 3 papers [5] [8] [9] support to use the UEAssistanceInformation message, and 1 paper [9] supports to use the Msg5. 



Proposal 1: The CONNECTED UE can request the reference time information.
Proposal 2: SIB9 is supported for the CONNECTED OSI.

	Company (Tdoc)
	Proposals
	Argument

	vivo [4] 
	Proposal 2: The referenceSFN field is configured when the referenceTimeInfo field is included in the SIB9 of the RRCReconfiguration message.

	Observation 2. On-demand SI in CONNECTED cannot be directly reused for request of ReferenceTimeInfo. Some potential specification impact is clearly foreseen, so it is not a cleaned approach.
Observation 4: According to the current RRC CR for the IIOT WI, the referenceSFN field is only configured for the referenceTimeInfo included the DLInformationTransfer.

	Huawei [14]
	Proposal 2: Some corrections should be made to unicast time information based on RRC connected OSI mechanism:
Option1: Add reference SFN for timeInfoUTC when timeinfoUTC is transferred by unicast.
Option2: Ensure referenceSFN IE is always available to the reference timing information, i.e. reference SFN should be mandatory if referenceTimeInfo is included in RRC reconfig.
Option3: gNB transfers reference time information to UE in RRC dedicated signal, e.g. DLInformationTransfer when request by UE in RRC Connected with OSI mechanism.

	Observation 3: UTC time would lack its reference SFN when SIB9 is transferred by unicast.
Observation 4: The reference time would miss its reference SFN when DLInformationTransfer message is absent.

	ZTE; China Southern Power Grid [9]
	Proposal 2: It’s suggested to also optionally indicate an accurate reference timing delivery periodicity from the UE to the gNB.

	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.



	Summary:
1 paper [9] proposes to indicate an accurate reference timing delivery periodicity from the UE to the gNB.
2 papers [4] [14] propose to indicate the reference SFN when SIB9/ timeinfoUTC is provided via unicast.



Proposal 5: Some corrections should be made to unicast time information based on RRC connected OSI mechanism:
· Option1: Add reference SFN for timeInfoUTC when timeinfoUTC is transferred by unicast.
· Option2: Ensure referenceSFN IE is always available to the reference timing information, i.e. reference SFN should be mandatory if referenceTimeInfo is included in RRC reconfig.
· Option3: gNB transfers reference time information to UE in RRC dedicated signal, e.g. DLInformationTransfer when request by UE in RRC Connected with OSI mechanism.
[bookmark: _GoBack]Proposal 6: The UE optionally indicates an accurate reference timing delivery periodicity.

Other issues
This section provides a summary of the staget-3 details on accurate reference timing.
	Company (Tdoc)
	Proposals
	Argument

	Ericsson [2]
	Proposal 1: The accurate reference time information (in referenceTimeInfo), if provided, includes all time information from the start of the time.
Proposal 2: Adopt the TP in section 5 on simplying the reference timing information encoding.

	Due to the high accuracy requirement of the reference time information, it is desirable that GPS time is provided and in a complete and independent information block.
We can use a similar encoding as UTC time of one field instead of multiple fields to simplify the encoding of the accurate reference timing.

	Nokia [8]
	Proposal 4: Encoding of reference time information in the current Rel-16 TS 38.331 should be kept intact. If that is not seen possible the encoding of reference time information shall not be compromised by any leap second issue and the size of integer values shall be kept reasonable, preferably not higher than 32 bits.

	Observation 6: It is crucial for the reference time information specified in Release 16 that its timescale is continuous and not compromised by any leap second issue.
The issue with single information element with 10ns steps is that it would exceed the range of 64bit unsigned integer numbers, which may introduce unnecessary computational complexity.

	QC [10]
	Proposal 1: RAN2 should consider ways to reduce SIB1 size in case GPS time is used for precise time delivery to the UE. (Example ASN.1 change options provided in Section 3).
	Observation 1: UE can obtain GPS time to 10ms resolution from Rel-15 SIB9.
Observation 4: There is a possibility to reduce SIB9 size by 32 bits, which is a significant reduction for small and a periodic SIB.



	Summary:
2 papers [2] [8] consider to keep the reference time information independent as the current specification, and 1 paper [10] proposes to use the 10ms resolution of SIB9 for the reference time information when timeInfoType indicates GPS time.
1 paper [2] proposes to simplify the encoding of reference time by using one field instead of multiple fields.




Proposal 3: The ReferenceTime uses one field instead of multiple fields. 
Proposal 4: The Rel-16 10ms resolution of the GPS reference time is not provided when the Rel-15 10ms resolution of the GPS time in SIB9 is provided.

Conclusions
The following proposals with a major support could be easy agreements.
Proposal 1: The CONNECTED UE can request the reference time information.
Proposal 2: SIB9 is supported for the CONNECTED OSI.

The following proposals related to stage-3 details may need more discussions.
Proposal 3: The ReferenceTime uses one field instead of multiple fields. 
Proposal 4: The Rel-16 10ms resolution of the GPS reference time is not provided when the Rel-15 10ms resolution of the GPS time in SIB9 is provided.
Proposal 5: Some corrections should be made to unicast time information based on RRC connected OSI mechanism:
· Option1: Add reference SFN for timeInfoUTC when timeinfoUTC is transferred by unicast.
· Option2: Ensure referenceSFN IE is always available to the reference timing information, i.e. reference SFN should be mandatory if referenceTimeInfo is included in RRC reconfig.
· Option3: gNB transfers reference time information to UE in RRC dedicated signal, e.g. DLInformationTransfer when request by UE in RRC Connected with OSI mechanism.
Proposal 6: The UE optionally indicates an accurate reference timing delivery periodicity.
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