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Discussion and decision
1 Introduction

This contribution addresses the following TSC related objective as captured in the agreed IIOT WID [1]:
"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)."
On the accurate reference time provisioning, RAN2 concluded the following, as captured in TR 38.825 [2]:
"In order to enable precise time synchronization using 5G/NR system, it is recommended to specify accurate reference timing delivery from gNB to UE using broadcast and/or unicast RRC signalling. The signalling specified in Rel-15 for E-UTRA can be used as a baseline, but the time information should have granularity no higher than 50 ns. The final design may also depend on SA2 decision with respect to overall synchronization solution".
2 Discussion
2.1 RRC signaling to convey reference timing information
RAN2 agreed to use EUTRA Rel-15 signaling solution as baseline to convey timing information. Therefore, it would be reasonable to confirm the following aspects related to how the reference timing information is conveyed via broadcast and/or unicast RRC signaling:
1. RRC signaling: for unicast, NR DLInformationTransfer message is used and for broadcast, NR SIB9 (which already contains information related to GPS time and Coordinated Universal Time (UTC)) is used.
2. The NR time reference information would include: 
a. Time ( same approach as in LTE could be reused with the required change to enable finer granularity (no higher than 50 ns instead of 250ns defined in LTE).
· In LTE, the indicated time (in 0.25 µs unit) is calculated as "refDays*86400*1000*4000 + refSeconds*1000*4000 + refMilliSeconds*4000 + refQuarterMicroSeconds".
· In NR, the unit of the time and the information provided by the refQuarterMicroSeconds would need to be changed according to the desirable granularity. The following table analyze few possibilities:

	Δ(ns)
	#Δ in 1µs
	Field range of µs ref. info.
	#values
	Required bits

	250
	4
	[0…3999] in 0.25 µs unit
	4000
	12

	50
	20
	[0…19999] in 0.050 µs unit
	20000
	15

	25
	40
	[0…39999] in 0.025 µs unit
	40000
	16

	10
	100
	[0…99999] in 0.010 µs unit
	100000
	17

	5
	200
	[0…199999] in 0.005 µs unit
	200000
	18


In LTE the 0.25µs (i.e. 250ns) granularity contributes to the error budget by an amount of ±125ns. This table shows that when reducing the granularity by 200ns, 3 additional bits would be required and those 50ns granularity contributes to the error budget by an amount of ±25ns. For the other lower granularities (25, 10, 5ns) the required increase on number of bits looks significant for the actual benefit on the error budget reduction. 

On summary, when reducing by 200ns, there is a signaling increase of 3bits vs when reducing by 25ns or 15ns or 5ns, there is a signaling increase of 1bit for each case.
b. Uncertainty ( same approach as in LTE could be reused taking into consideration the changes done to the time reference definition in order to incorporate finer granularity.
c. Reference SFN ( in RAN2#105 different options were proposed:

Option 1. Same as in Rel-15 LTE approach. 

· If the referenceSFN field is provided, the time information indicates the time at the ending boundary of the SFN indicated by referenceSFN, where UE considers the frame indicated by the referenceSFN nearest to the frame where the field is received) or (2) refer to a past instance as it was proposed by some companies.
· If the referenceSFN field is not provided, the time field indicates the time at the SFN boundary at or immediately after the ending boundary of the SI-window in which SystemInformationBlockType16 is transmitted
Option 2. The reference SFN of reference time is a hard coded SFN [3].
Option 3. The reference time should refer to the passed time i.e. the starting boundary of the reference SFN [4].
d. Time type ( same definition as in LTE could be reused (i.e. If timeInfoType is not included, 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 interpretation of the origin of the time is unspecified and left up to upper layers). 
3. UE's handling of the time reference information could follow LTE handling in TS 36.331, section 5.6.1: 
a. UE calculates the time reference based on the included time, timeInfoType and referenceSFN in timeReferenceInfo;

b. UE calculates the inaccuracy of the time reference based on the uncertainty and other implementation-related inaccuracies, if uncertainty is included in timeReferenceInfo;

c. UE informs upper layers of the time reference and, if uncertainty is included in timeReferenceInfo, of the inaccuracy of the time reference.

Proposal 1. The granularity for the unit of the time reference information is 50ns.

Proposal 2. Discuss whether the reference SFN is defined following option (1) same as in Rel-15 LTE, option (2) as a hardcoded SFN or option (3) referring to a passed time (i.e. the starting boundary of the reference SFN). If there is no major concern for LTE approach, option (1) can be agreed.
Proposal 3.  Confirm that the time reference information is enabled in NR following the LTE approach for at least the following aspects:

Proposal 3.1. NR time reference information can be sent via NR DLInformationTransfer message and NR SIB9.
Proposal 3.2. NR time reference information is same as in Rel-15 LTE TimeReferenceInfo-r15 with the corresponding changes required based on the RAN2 agreements taken from Proposals 1 and 2.

Proposal 3.3. UE's handling of the time reference information is followed as in LTE (as per TS 36.331 section 5.6.1).
2.2 Propagation delay and reference timing information

RAN1 LS [5] provides feedback on the achievable time synchronization accuracy over the Uu interface:
For small service areas with dense small cell deployments a propagation delay compensation by the UE would not be required. The propagation delay compensation needs to be applied by the TSN UEs for larger service areas with more sparse cell deployments (e.g. for inter-site distances >200m the gNB-to-UE timing synchronization accuracy without propagation delay compensation may be worse than 1µs).

For the propagation delay, RAN1 confirms that for large service area, the propagation delay needs to be compensated. However, in our understanding, how the UE does the delay compensation could potentially be left up to UE implementation as it was done in Rel-15 LTE HRLLC. On other hand, there are cases, e.g., when the UE is in RRC_INACTIVE or RRC_IDLE, for which it is not clear how requirements on propagation delay compensation may be defined due to a lack of a valid TA. 
Moreover, in some cases, it may be possible for the network to better estimate and pre-compensate for the propagation delay on per-UE basis and use the UE-specific signaling to indicate and/or fine-tune the indicated time reference. By not relying on estimation of propagation delay at the UE side, such an approach also avoids the error components in the estimation of the propagation delay due to TA indication error and DL reference timing error (i.e., no impact from TA command granularity and Te in propagation delay estimation). If this were agreed, the UE would need to be aware when the pre-compensation happens (either via specification or via signaling indication).
Proposal 4. Network could pre-compensate for the propagation delay in the time reference information on per-UE basis (i.e. unicast signaling), and UE needs to be aware of when this is done.

Proposal 5. RAN2 to leave the compensation of the propagation delay for the time reference information up to the UE implementation as was done for Rel-15 HRLLC.

3 Conclusion

The proposals captured are the following:
Proposal 1.
The granularity for the unit of the time reference information is 50ns.
Proposal 2.
Discuss whether the reference SFN is defined following option (1) same as in Rel-15 LTE, option (2) as a hardcoded SFN or option (3) referring to a passed time (i.e. the starting boundary of the reference SFN). If there is no major concern for LTE approach, option (1) can be agreed.
Proposal 3.
Confirm that the time reference information is enabled in NR following the LTE approach for at least the following aspects:
Proposal 3.1.
NR time reference information can be sent via NR DLInformationTransfer message and NR SIB9.
Proposal 3.2.
NR time reference information is same as in Rel-15 LTE TimeReferenceInfo-r15 with the corresponding changes required based on the RAN2 agreements taken from Proposals 1 and 2.
Proposal 3.3.
UE's handling of the time reference information is followed as in LTE (as per TS 36.331 section 5.6.1).
Proposal 4.
Network could pre-compensate for the propagation delay in the time reference information on per-UE basis (i.e. unicast signaling), and UE needs to be aware of when this is done.
Proposal 5.
RAN2 to leave the compensation of the propagation delay for the time reference information up to the UE implementation as was done for Rel-15 HRLLC.


4 Reference

[1] RP-190728, "New WID: Support of NR Industrial Internet of Things (IoT)"

[2] 3GPP TR 38.825: "Study on NR Industrial Internet of Things (IoT)" 

[3] R2-1900837, Discussion on the reference time via dedicate signaling, vivo, Feb.2019.

[4] R2-1900633, Support for Clock Synchronization Service, Nokia, Nokia Shanghai Bell, NTT DOCOMO, Feb.2019.
[5] R1-1901470, Reply LS on TSN requirements evaluation, Jan. 2019, From: RAN1, To: RAN2; Cc: RAN3, SA1, SA2. 

