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1	Introduction
During the RAN2#107 meeting, the baseline RRC CR for accurate reference time delivery was agreed based on [1], with some small modifications. In RAN2#107bis, the following was agreed:
	The uncertainty of reference time info is unspecified, if the uncertainty field is absent.
We send an LS: RAN2 asks SA2 to provide information on whether and how the need for reference time information can be determined for any given connected UE




This paper discusses the remaining issues, which need to be solved for accurate reference time delivery objective.
2	Uncertainty encoding
The encoding of reference time information agreed in [1] is the following:
	ReferenceTime-r16 ::=			SEQUENCE {
	refDays-r16							INTEGER (0..72999),
	refSeconds-r16						INTEGER (0..86399),
	refMilliSeconds-r16					INTEGER (0..999),
	refTenNanoSeconds-r16				INTEGER (0..99999)
}



If the way uncertainty is encoded in LTE Rel-15 is adopted, it would indicate the number of unreliable LSBs in refTenNanoSeconds denoted as an INTEGER(0..17). There are concerns that, with this solution, uncertainty would not provide enough granularity, nor the possibility to indicate values such as e.g. 100 ns since uncertainty would take values of 10 ns multiplied by the consecutive powers of 2, i.e. 10 ns, 20 ns, 40 ns, 80 ns, 160 ns, 320 ns and so on, up to 1 ms. Therefore, it has been proposed to encode uncertainty as an integer multiple of a certain value e.g. 10 ns as proposed in [2] or as multiplies of 25/50 ns as proposed in [3]. This solution, however, may lead to a substantial overhead if signalling of uncertainties of up to 1 ms is to be supported. With 10 ns granularity, for example, it would take 17 bits to signal an uncertainty of 1 ms. Since uncertainty quantifies the timing error of the gNB clock w.r.t. primary reference time clock (PRTC) that the gNB uses as a synchronization source, it is unlikely that values larger than few microseconds need to be signalled (e.g. in case a GNSS receiver is used as a sync source for the gNB, the timing error w.r.t. to PRTC is typically under 1 us) unless a synchronization loss is detected or a highly inaccurate synchronization source (e.g. NTP server) is used. Therefore, we propose to encode uncertainty as a multiple of 10 ns, but limit the bit budget to e.g. 10 bits, allowing uncertainties up to 10.23 us to be signalled with 10 ns granularity.
Proposal 1: Encode uncertainty as a multiple of 10 ns with an INTEGER(0..1023).
To indicate uncertainty larger than 10 ns × 1023 = 10 us, as in case of synchronization loss at the gNB or a highly inaccurate synchronization source used by the gNB, the maximum value of the uncertainty (i.e. 1023) is used. 
Proposal 2: The maximum value of the uncertainty (i.e. 1023) indicates that uncertainty is equal or larger than 1023 × 10 ns.
[bookmark: _Hlk19286050]3	Propagation delay compensation
RAN2 sent an LS to RAN1 asking the following questions with respect to propagation delay compensation for synchronization accuracy [4]:
	Q1. What method did RAN1 assume for propagation delay compensation in their synchronization accuracy analysis in IIoT study (as per results captured in TR 38.825), e.g. was it Timing Advance based or based on another method?
Q2. Does RAN1 see the need for specifying any propagation delay compensation requirements or enhancements in order to meet the synchronization requirements as studied in NR Industrial IoT SI?



From the reply RAN1 provides in [5], we learn that:
· Timing Advance methods were used within RAN1 synchronization accuracy requirement analysis.
· RAN1 does not see the need for additional enhancements for propagation delay compensation (e.g. more granular TA commands), since the synchronization accuracy requirements can be already met with existing methods as can be seen in Sec. 6.3.5 of TR 38.825.
· RAN1 is further discussing when the propagation delay needs to be compensated and whether this will require specifying some signalling  this might have RAN2 impact, but is pending further RAN1 decision.
· It would be useful to have performance requirements and test cases defined  this issue is for discussion in RAN4 and RAN5, out of scope of RAN2.
From the subsequent reply RAN1 provides in [6], we learn that:
· The propagation delay between gNB and UE is assumed to be approximately half of the indicated timing advance (i.e. NTA×Tc/2, and not to include NTA_offset) for both TDD and FDD.  
· RAN1 discussed when and how to apply propagation delay compensation without a conclusion in RAN1 in Rel-16. 
· RAN1 is not intending to capture any time/clock synchronization related aspects in the physical layer (i.e. 38.200 series) specifications, as no physical layer impact has been identified. 
· No further actions for RAN1 have been identified related to time/clock synchronization in Rel-16.
Based on the above we propose the following solution to be adopted in Rel-16:
Proposal 3: UEs should use NTA×Tc/2 when performing propagation delay compensation.
RAN1 indicated in their reply LS that propagation delay compensation should only be applied by the UE when the distance from the gNB is higher than ~200m. In case propagation delay compensation is applied by the UE when being closer than 200m, the synchronization accuracy actually deteriorates. We then think it is important to tell the UE where the propagation delay compensation needs to be applied with direct signalling from gNB.
Proposal 4: UE should only apply propagation delay compensation for reference time information when instructed by the gNB with explicit signalling.
With this solution, Rel-16 will support the following scenarios:
· small-cell (e.g. factory floor) scenarios (without propagation delay compensation) 
· static macro-cell scenarios (e.g. electrical grid) with stable and known propagation delay (with implementation-specific propagation delay compensation at UE)
Support of other scenarios is left for Rel-17, which is expected to introduce new tighter requirements on the maximum timing error over Uu (to support arbitrary TSN GM placement) further emphasizing the need for more sophisticated solutions and clarifying the expected performance of those solutions.

4	How is the need for accurate reference time delivery determined
For UEs in Inactive and Idle modes, on demand SI delivery can be requested and similar mechanism is currently being discussed for UEs in RRC Connected mode. It is not yet clear however, what the capabilities of the OSI for RRC Connected UEs will be. For example, will the SIB always be delivered using broadcast signalling or will unicast delivery be allowed. SIB9 is also specific in such a way that in case a UE requires it for synchronization information determination, it needs to be provided to it periodically for the duration of the service. While we can wait for OSI discussion to conclude before making final decision for reference time information, we think that it is important to agree on the following:
Proposal 5: UEs in Inactive and Idle modes may use OSI to request SIB9. Additional mechanism may be needed for UEs in RRC Connected mode to request reference time information delivery from the network.
The second part of the proposal is related to the LS RAN2 sent to SA2 in [7] to request information on “whether and how the need for reference timing information can be determined for any given connected UE in Rel-16”.
Such mechanism is required to avoid resource-wasteful delivery of accurate reference timing to UEs that make no use of it. When UE’s need for accurate reference timing is coupled with a service (e.g. TSN/TSC) that it receives from 5GS, the need can be deduced by the CN. However, there could be cases where UE’s need for the accurate clock information is not coupled with any other service provided by the 5GS (e.g. a non-TSC UE attached to a device that requires accurate clock for its own purpose). To support such cases, there should be a possibility for UE to send a request for accurate reference time delivery. 
Proposal 6: There should be a mechanism for UE to explicitly request the reference time delivery from 5GS. 
Such mechanism could work either on NAS or AS layer, so we can wait with the final decision on whether RRC signalling based is required or whether this can be supported in NAS until SA2 provides the reply to the LS RAN2 sent previously.
5	Summary
This contribution elaborated on remaining issues for accurate reference time delivery objective. The following is proposed based on the discussion above:
Proposal 1: Encode uncertainty as a multiple of 10 ns with an INTEGER(0..1023).
Proposal 2: The maximum value of the uncertainty (i.e. 1023) indicates that uncertainty is equal or larger than 1023 × 10 ns.
Proposal 3: UEs should use NTA×Tc/2 when performing propagation delay compensation
Proposal 4: UE should only apply propagation delay compensation for reference time information when instructed by the gNB with explicit signalling.
Proposal 5: UEs in Inactive and Idle modes may use OSI to request SIB9. Additional mechanism may be needed for UEs in RRC Connected mode to request reference time information delivery from the network.
[bookmark: _GoBack]Proposal 6: There should be a mechanism for UE to explicitly request the reference time delivery from 5GS. 
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