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1	Introduction
This paper discusses the remaining issues related to propagation delay compensation for accurate reference time delivery.
2	Discussion
RAN2 sent a LS to RAN1 asking the following questions with respect to propagation delay compensation for synchronization accuracy [1]:
	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 [2], 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 [3], 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 replies from RAN1, RAN2 discussed during RAN2#108 meeting when and how the UE should apply propagation delay compensation and the following proposal was eventually made and almost agreed:
	The following is FFS (Ericsson and LG have concerns):
R2 assume that UE may perform propagation delay compensation. 
We don’t specify how the UE perform propagation delay compensation.
For unicast and broadcast, the network can indicate to the UE to not do delay compensation. 



Companies were not eager to capture details of how the propagation delay compensation is performed, e.g. whether it is based on TA or not. On the other hand it was underlined that RAN1 analysis clearly shows that without propagation delay compensation the synchronization accuracy requirements as captured in TS 22.104 and TR 38.825 cannot be met. 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 deteriorates. 
Observation 1: Synchronization accuracy requirements for Rel-16 as captured in TS 22.104 and studied in TR 38.825 cannot be met without propagation delay compensation being applied to reference time information. 
[bookmark: _Hlk32507443]Observation 2: According to RAN1 analysis during SI phase, propagation delay compensation is required in case the UE is more than 200m away from the gNB providing the time information. Otherwise, it is not needed and for UEs close to gNB, the synchronization accuracy may even deteriorate with propagation delay compensation being applied.
It should be noted that SA1 has recently recognized that some of the synchronization requirements need to be updated in TS 22.104. The reason for that is because they currently indicated end to end synchronization requirements, which means that the acceptable synchronization accuracy error in 5GS segment of the overall TSC network will be even lower. After further decomposition into errors introduced by CN and RAN, requirements on RAN side will be even more stringent. This makes the propagation delay compensation even more important already in Rel-16.
Observation 3: The requirements captured in TS 22.104 as analysed in TR 38.825 are E2E requirements, which means that synchronization error budget for RAN will be even stricter considering conversion errors to/from vertical clock domain and internal synchronization errors between 5G System egress points. This was not considered in RAN1 analysis and may offset in practice when propagation delay compensation must be applied.
Further, for the case where the network applies propagation delay compensation, it is important that propagation delay compensation is not conducted by the UE. We then think it is important to tell the UE when the propagation delay compensation shall not be applied with direct signalling from gNB. 
[bookmark: _Hlk32507180]Proposal 1: UE is not allowed to apply propagation delay compensation for reference time information if forbidden 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 continues in Rel-17 [4], which include large cell scenarios for Smart Grid, tele-surgery, AV Production, etc. Above proposal helps to ensure that Rel-16 requirements are met by RAN2 and that Rel-16 UE can be applied most effectively for Rel-17 use-cases.

3	Summary
Based on the discussion, the following is observed and proposed:
Observation 1: Synchronization accuracy requirements for Rel-16 as captured in TS 22.104 and studied in TR 38.825 cannot be met without propagation delay compensation being applied to reference time information. 
Observation 2: According to RAN1 analysis during SI phase, propagation delay compensation is required in case the UE is more than 200m away from the gNB providing the time information. Otherwise, it is not needed and for UEs close to gNB, the synchronization accuracy may even deteriorate with propagation delay compensation being applied.
Observation 3: The requirements captured in TS 22.104 as analysed in TR 38.825 are E2E requirements, which means that synchronization error budget for RAN will be even stricter considering conversion errors to/from vertical clock domain and internal synchronization errors between 5G System egress points. This was not considered in RAN1 analysis and may offset in practice when propagation delay compensation must be applied.
Proposal 1: UE is not allowed to apply propagation delay compensation for reference time information if forbidden by the gNB with explicit signalling.

A related TP for TS 38.300 and TS 38.331 is provided in Annex A.
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Annex A – TP for 38.300
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 its accuracy. To account for the propagation delay of reference time information signalling, a UE may apply propagation delay compensation, if allowed by the network.
Editor’s note: FFS how the need for reference time information can be determined for any given connected UE.
Editor’s note: FFS how exactly propagation delay compensation should be captured considering the following FFS from RAN2#108: “R2 assume that UE may perform propagation delay compensation; We don’t specify how the UE perform propagation delay compensation; For unicast and broadcast, the network can indicate to the UE to not do delay compensation.”
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.


Annex B – TP for 38.331
–	ReferenceTimeInfo
The IE ReferenceTimeInfo contains timing information for 5G internal system clock used for, e.g., time stamping, see TS 23.501 [32], clause 5.27.1.2.
ReferenceTimeInfo information element
-- ASN1START
-- TAG-REFERENCETIMEINFO-START

ReferenceTimeInfo-r16 ::=		SEQUENCE {
    time-r16                            ReferenceTime-r16,
    uncertainty-r16                     INTEGER (0..32767)                        OPTIONAL,   -- Need R
    timeInfoType-r16                    ENUMERATED {localClock}     OPTIONAL,   -- Need R
    referenceSFN-r16                    INTEGER (0..1023)           OPTIONAL,    -- Cond RefTime
    
    -- FFS whether for unicast and broadcast, the network can indicate to the UE to not do delay compensation
    needForDdelayCompensationAllowed-r16            ENUMERATED {false}           OPTIONAL
}

ReferenceTime-r16 ::=           SEQUENCE {
    refDays-r16                         INTEGER (0..72999),
    refSeconds-r16                      INTEGER (0..86399),
    refMilliSeconds-r16                 INTEGER (0..999),
    refTenNanoSeconds-r16               INTEGER (0..99999)
}

-- TAG-REFERENCETIMEINFO-STOP
-- ASN1STOP


	ReferenceTimeInfo field descriptions

	delayCompensationAllowed
If present, UE is not allowed to perform propagation delay compensation for the reference time information contained in time field.

	referenceSFN
This field indicates the reference SFN corresponding to the reference time information. If referenceTimeInfo field is received in DLInformationTransfer message, this field indicates the SFN of PCell.

	time
This field indicates time reference with 10ns granularity. The indicated time in 10ns unit from the origin is refDays*86400*1000*100000 + refSeconds*1000*100000 + refMilliSeconds*100000 + refTenNanoSeconds. The refDays field specifies the sequential number of days (with day count starting at 0) from the origin of the time field. 
If the referenceTimeInfo field is received in DLInformationTransfer message, the time field indicates the time at the ending boundary of the system frame indicated by referenceSFN. The UE considers this frame (indicated by referenceSFN) to be the frame which is nearest to the frame where the message is received (which can be either in the past or in the future).
If the referenceTimeInfo field is received in SIB9, the time field indicates the time at the SFN boundary at or immediately after the ending boundary of the SI-window in which SIB9 is transmitted.
If referenceTimeInfo field is received in SIB9, this field is excluded when determining changes in system information, i.e. changes of time should neither result in system information change notifications nor in a modification of valueTag in SIB1.

	timeInfoType
If timeInfoType is not included, the time indicates the GPS time and the origin of the time field is 00:00:00 on Gregorian calendar date 6 January, 1980 (start of GPS time). If timeInfoType is set to localClock, the origin of the time is unspecified.

	uncertainty
This field indicates the uncertainty of the reference time information provided by the time field. The uncertainty is 25ns multiplied by this field. If this field is absent, the uncertainty is unspecified.



	Conditional Presence
	Explanation

	RefTime
	The field is mandatory present if referenceTimeInfo is included in DLInformationTransfer message; otherwise the field is absent.





