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Discussion and decision
1 Introduction

SA2 is discussing architectural options, as captured in TR 23.734 [1], to support and integrate Time Sensitive Networking (TSN) with/in 5GC. RAN2#103bis response LS [2] already indicated RAN2 preference, i.e. "reuse the current QoS framework and TSN integration options allowing that (e.g. “5G as a black box”)". This contribution addresses the foreseen NR impacts to convey/include timing reference information considering Rel-15 LTE HRLLC timing feature, as well as, SA1 NR related requirements from TR 22.804 [3]
2 Discussion

Rel-15 LTE HRLLC timing feature already provides the means to convey time reference information via unicast or broadcast signaling with a granularity of 0.25µs, as explained [4]. Rel-16 NR could introduce similar mechanism in order to meet SA1 timing requirements described in clause 8.1.6.2 of TR 22.804 [3]. Note that this document will not discuss how the gNB gets this reference time information (as this is already under discussion in SA2). The key points to consider when distributing the time reference information over the air interface are the following:

1) The gNB can provide the time reference information to the UE via unicast and broadcast signaling.
2) The time reference information is maintained by UEs in any RRC state (i.e. RRC_CONNECTED, RRC_INACTIVE or RRC_IDLE).
3) Time reference information with a given granularity will be provided, most likely including (a) the origin of the time (e.g. the start of GPS time), (b) the reference SFN for the time reference info. (provided explicitly or implicitly e.g. at or immediately after ending boundary of the SI-window that conveys this time reference) and (c) the inaccuracy of the reference time. 

4) Upper layers are informed by RRC of the time reference and the inaccuracy of the time reference, if any.

Proposal 1. Rel-16 NR incorporates time reference information/mechanism similarly as it Rel-15 LTE:
Proposal 1.1. gNB can provide time reference information to UE via unicast and broadcast signaling.
Proposal 1.2. If UE supports reception of signalling for timing reference and network provides it, the time reference information is maintained by UEs in RRC_CONNECTED, RRC_IDLE, as well as, RRC_INACTIVE.

Proposal 1.3. Time reference information with a given granularity is provided by the network to the UE including at least information about (a) the origin of the time (e.g. the start of GPS time), (b) the reference SFN for the time reference info. (e.g. at or immediately after ending boundary of the SI-window that conveys this time reference) and if available, (c) the inaccuracy of the reference time.
Proposal 1.4. UE's upper layer is informed with the time reference and if available, its inaccuracy.

Diverse factors affect in the deterioration of the accuracy when providing the time reference information, such as, the propagation delays in the network and the air interface, as well as, the processing delays of a given node. The processing delays could be corrected autonomously by the node. RAN WGs will need to discuss whether the propagation delays over the air interface need or not to be addressed. However RAN2 should wait for RAN1 input to the related question in the RAN2#103bis LS [2], "to provide feedback on the achievable time synchronization accuracy over Uu interface".

Observation 1. RAN2 should wait for RAN1 feedback before discussing whether any enhancements is required to improve time synchronization accuracy over Uu interface.

Meanwhile RAN2 could discuss the desirable granularity when providing time reference information. Rel-15 LTE HRLLC indicates the time with a 0.25µs granularity (via "refDays*86400*1000*4000 + refSeconds*1000*4000 + refMilliSeconds*4000 + refQuarterMicroSeconds").
In our understanding, the 250ns (0.25µs) granularity contributes to the error budget by an amount of ±125ns. If additional bits were added to increase the granularity to 100ns, the error budget could be reduced by about 150ns (overall) from the 1µs budget. If desirable, RAN2 could check with RAN1 whether this reduction is desirable based on other sources of timing errors or not.

Proposal 2. Discuss the increase on the number of bits used when providing the time reference information in Rel-16 NR vs in Rel-15 LTE with TimeReferenceInfo IE in order to enable finer granularity 

3 Conclusion

The observations captured are the following:
Observation 1.
RAN2 should wait for RAN1 feedback before discussing whether any enhancements is required to improve time synchronization accuracy over Uu interface.

The proposals captured are the following:
Proposal 1.
Rel-16 NR incorporates time reference information/mechanism similarly as it Rel-15 LTE:
Proposal 1.1.
gNB can provide time reference information to UE via unicast and broadcast signaling.
Proposal 1.2.
If UE supports reception of signalling for timing reference and network provides it, the time reference information is maintained by UEs in RRC_CONNECTED, RRC_IDLE, as well as, RRC_INACTIVE.
Proposal 1.3.
Time reference information with a given granularity is provided by the network to the UE including at least information about (a) the origin of the time (e.g. the start of GPS time), (b) the reference SFN for the time reference info. (e.g. at or immediately after ending boundary of the SI-window that conveys this time reference) and if available, (c) the inaccuracy of the reference time.
Proposal 1.4.
UE's upper layer is informed with the time reference and if available, its inaccuracy.
Proposal 2.
Discuss the increase on the number of bits used when providing the time reference information in Rel-16 NR vs in Rel-15 LTE with TimeReferenceInfo IE in order to enable finer granularity
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