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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. 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)
}



It was suggested in some papers, e.g. in [2][3], to modify this encoding in order to save some bits for uncertainty signalling. The proposals were introducing additional fields such as refMicroSeconds and refFourtyMicroseconds respectively and uncertainty to be denoted as an INTEGER(0..12) or INTEGER(0..7). With the approach agreed at the moment and with uncertainty specified in the similar way, it would have to be INTEGER(0..17) (see, e.g. [4]). There were also some proposals to change the way uncertainty is encoded as compared to what was used in LTE Rel-15, and to denote it as multiplies of a certain value, e.g. 10 ns as proposed in [5] or as multiplies of 25/50 ns as proposed in [6]. The table below summarizes those options and their main features.
	Uncertainty encoding
	Overhead
	Uncertainty range which can be indicated

	number of unreliable LSBs in refTenNanoSeconds denoted as an INTEGER(0..17)
	5 bits
	Uncertainty value can be indicated with the granularity 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.

	number of unreliable LSBs in refTenNanoSeconds denoted as an INTEGER(0..12)
	4 bits
	Similar as above, but maximum uncertainty value is 40.96 us.

	number of unreliable LSBs in refTenNanoSeconds denoted as an INTEGER(0..7)
	3 bits
	Similar as above, but the maximum uncertainty value is 1.28 us.

	Multiple of N and a certain value, e.g. 10, 25 or 50 ns
	Depending on value of N, granularity of uncertainty and target maximum uncertainty value e.g. for 10/25/50 ns granularity
- 17/16/15 bits for 1 ms maximum range
- 12/11/10 bits for 40.96 us
- 7/6/5 bits for 1.28 us 
	The granularity is denser in this case, but at the same time the overhead of the uncertainty signalling rises.



From the above table it can be seen that the choice of how to encode uncertainty is a trade-off between uncertainty signalling granularity and its maximum value and signalling overhead. We think it is important to make it possible for the network to adjust the accuracy of the reference time information depending, e.g. on its capabilities, service requirements and user’s subscription. Therefore, we think that the maximum value of uncertainty should be as long as 1 ms.
Proposal 1: Regardless of encoding, it should be possible to indicate the value of uncertainty up to 1 ms.
If that is agreeable, then there is also a question about the trade-off between granularity of indication and signalling overhead. We do not think that uncertainty granularity needs to be as low as the granularity of reference time signalling. It is normal practice to have granularity of uncertainty coarser than that of time information itself, even in gPTP standard. We therefore propose to reuse the Rel-15 way of uncertainty signalling.
Proposal 2: Encode uncertainty as a number of unreliable LSBs in refTenNanoSeconds denoted as an INTEGER(0..17).
3	Which messages to use for reference time delivery
RAN2 made the following assumption previously:
	R2 assumes that either SIB9 or a new SIB is used for reference time information broadcast delivery, depending on R3 discussion outcome. 



Since SIB9 was assumed to be encoded by the gNB-CU in Rel-15, it was unclear whether it can be used for very accurate reference time provisioning and RAN2 decided to wait for RAN3 to clarify this issue. RAN3 has now agreed that in both Rel-15 and Rel-16 gNB-DU may re-encode the contents of SIB9 before broadcasting it. Thanks to that, it is now well suited for reference time delivery.
Proposal 2: SIB9 is used for reference time information broadcast delivery. 
When it comes to unicast signalling, RAN3 decided that it will be gNB-CU encoding the RRC message based on the time reference information provided by the DU. Which exact message to use could be decided in RAN2 and we see the following options:
· Use unicast delivery of SIB9
· Use a dedicated message (e.g. DLInformationTransfer as in LTE Rel-15)
Both of these options would work, but we think it is more important to ensure, that with any of them, the UE is able to request the reference time information from the gNB. 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 3: UE in RRC Connected mode should be able to request reference time information delivery from gNB.
Proposal 4: RAN2 should discuss whether dedicated SIB9 delivery or another message (e.g. DLInformaitonTransfer) is used for reference time provisioning using unicast signalling.
[bookmark: _Hlk19286050]4	Propagation delay compensation
RAN2 sent an LS to RAN1 asking the following questions with respect to propagation delay compensation for synchronization accuracy [7]:
	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 [8], 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.
Based on the above we propose the following:
Proposal 5: RAN2 will wait for RAN1 decision on whether some signalling is needed for indicating when propagation delay compensation should be applied by the UE.
Proposal 6: No propagation delay compensation enhancements are specified in Rel-16 other than the one mentioned in Proposal 5 (in case RAN1 decides it is needed).
Other than that, we propose to clarify in stage-2 description that Timing Advance command should be used by the UEs to increase the synchronization accuracy when relevant.
Proposal 7: Clarify in stage-2 description that Timing Advance command should be used by the UEs to increase the synchronization accuracy when relevant.
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: Regardless of encoding, it should be possible to indicate the value of uncertainty up to 1 ms.
Proposal 2: Encode uncertainty as a number of unreliable LSBs in refTenNanoSeconds denoted as an INTEGER(0..17).
Proposal 3: UE in RRC Connected mode should be able to request reference time information delivery from gNB.
Proposal 4: RAN2 should discuss whether dedicated SIB9 delivery or another message (e.g. DLInformaitonTransfer) is used for reference time provisioning using unicast signalling.
Proposal 5: RAN2 will wait for RAN1 decision on whether some signalling is needed for indicating when propagation delay compensation should be applied by the UE.
Proposal 6: No propagation delay compensation enhancements are specified in Rel-16 other than the one mentioned in Proposal 3 (in case RAN1 decides it is needed).
Proposal 7: Clarify in stage-2 description that Timing Advance command should be used by the UEs to increase the synchronization accuracy when relevant.
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ANNEX – TP for Stage-2 running CR
16.X	Support for Time Sensitive Communications
Time Sensitive Communications (TSC), as defined in TS 23.501 [3], is a communication service that supports deterministic communication and/or isochronous communication with high reliability and availability. Examples of such services are the ones in the area of Industrial Internet of Things, e.g. related to cyber-physical control applications as described in TS 22.104 [REF]. 
To support strict synchronization accuracy requirements of TSC applications, the gNB may signal 5G system time reference information to the UE using unicast or broadcast RRC signalling with a granularity of 10 ns. Uncertainty parameter may be included in reference time information to indicate accuracy. UE in RRC_CONNECTED mode should apply propagation delay compensation of reference time information based on Timing Advance commands from gNB to increase synchronization accuracy.
Editor’s note: FFS when and how exactly propagation delay compensation is performed, pending RAN1 decision.
Editor’s note: FFS whether more information should be captured in Stage-2.
The gNB may also receive TSC Assistance Information (TSCAI), see TS 23.501 [3], from the Core Network, e.g. during QoS flow establishment, or from another gNB during handover. TSCAI contains additional information about the traffic flow such as burst arrival time and burst periodicity. TSCAI knowledge may be leveraged in the gNB’s scheduler to more efficiently schedule periodic, deterministic traffic flows either via Configured Grants, Semi-Persistent Scheduling or with dynamic grants.
Editor’s Note: FFS (in SA2) whether burst size is also included in TSCAI.




