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1 Introduction
This is a minor revision of R2-1910765 with update to observation 2b.

RAN2 agreed to support reference timing delivery using broadcast and unicast in Rel-16 and some related agreements from RAN2#105bis are copied below.

	· Confirm that we use LTE rel-15 SIB and RRC unicast based methods for reference time delivery

· The reference time information shall correspond to a reference SFN, explicitly indicated in unicast signalling, FFS if inferred from the transmission of the SIB for SIB signalling.

· R2 assumes the UE shall use the end of the reference SFN value as the precise point in time to which the reference time corresponds.

· FFS whether the reference SFN refers to time in the future, past or whether this need to mandated one way or another. 


The main use of accurate reference timing delivery in Rel-16 is to enable end-to-end TSN time synchronization via 5GS by facilitating residence time computation at UEs for received gPTP messages. Following is an excerpt from TS 23.501 discussing end-to-end TSN time synchronization via 5GS, where parts related to accurate reference timing delivery are highlighted.
	5.27.1
TSN Time Synchronization

5.27.1.1
General

For supporting TSN time synchronization, the 5GS is integrated with the external network as a TSN bridge as described in clauses 4.4.8 and 5.28.1. It shall be modelled as an IEEE 802.1AS [104] compliant entity according to TS 22.104 [105]. For TSN Synchronization, the entire E2E 5G system can be considered as an IEEE 802.1AS [104] "time-aware system". Only the TSN Translators (TTs) at the edges of the 5G system need to support the IEEE 802.1AS [104] operations. UE, gNB, UPF, NW-TT and DS- TTs are synchronized with the 5G GM (i.e. the 5G internal system clock) which shall serve to keep these network elements synchronized. The TTs located at the edge of 5G system fulfil all functions related to IEEE 802.1AS [104], e.g. (g)PTP support, timestamping, Best Master Clock Algorithm (BMCA), rateRatio. Figure 5.27.1-1 illustrates the 5G and TSN clock distribution model via 5GS.
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Figure 5.27.1-1: 5G system is modelled as IEEE 802.1AS compliant time aware system for supporting TSN time synchronization

Figure 5.27.1-1 depicts the two synchronizations systems considered: the 5GS synchronization and the TSN domain synchronization, as well as the Master (M) and Slave (S) ports considered when the TSN GM is located at TSN working domain.

-
5GS synchronization: Used for NG RAN synchronization. 5G RAN synchronization is specified in TS 38.331 [28].
-
TSN domain synchronization: Provides synchronization service to TSN network. This process follows IEEE 802.1AS [104].

The two synchronization processes can be considered independent from each other and the gNB only needs to be synchronized to the 5G GM clock.

To enable TSN synchronization, the 5GS calculates and adds the measured residence time between the TTs into the Correction Field (CF) of the synchronization packets of the TSN domain.

5.27.1.2
Distribution of timing information

5.27.1.2.1
Distribution of 5G internal system clock

The 5G internal system clock shall be made available to all user plane nodes in the 5G system. The UPF and NW-TT may get the 5G internal system clock via the underlying PTP compatible transport network with mechanisms outside the scope of 3GPP. The 5G internal system clock shall be made available to UE with signaling of time information related to absolute timing of radio frames as described in TS 38.331 [28]. The 5G internal system clock shall be made available to DS-TT by the UE


Observation 1: The main use of accurate reference timing delivery in Rel-16 is to enable TSN time synchronization via 5GS by facilitating residence time computation at UEs for received gPTP messages. 
RAN need not broadcast reference timing if no UEs are receiving gPTP messages, irrespective of whether the UEs are capable of utilizing the reference timing. 

Observation 2a: RAN need not broadcast reference timing if no UEs are receiving gPTP messages, irrespective of whether the UEs are capable of utilizing the reference timing. 

RAN need not unicast reference timing to a UE if the UE is not receiving gPTP messages, irrespective of whether the UE is capable of utilizing the reference timing.
Observation 2b: RAN need not unicast reference timing to a UE if the UE is not receiving gPTP messages, irrespective of whether the UE is capable of utilizing the reference timing. 

Based on the above two observations, we can conclude that it is useful for RAN to know whether a connected UE of the RAN is receiving gPTP messages as it facilitates more resource efficient reference timing delivery.
Observation 3: It is useful for RAN to know whether a connected UE of the RAN is receiving gPTP messages.

2 Reference timing delivery determination information from core to RAN
Core network is aware of which UEs of a RAN receive gPTP messages as part of end-to-end TSN time synchronization, and this is evident from the following excerpt from TS 23.501.
	5.27.1.2.2
Distribution of TSN clock and time-stamping

Editor's note:
The support of one step and two step sync operation at NW-TT output interfaces (towards TSN) is according to 802.1AS. How the information carried inside 5G system is FFS.

UPF then forwards the gPTP message to the UE via user plane (i.e. using the PDU session applicable for sending gPTP messages). Only one PDU session per UE per UPF is used for sending gPTP messages regardless of how many external TSN working domains have their clock information delivered through a given UPF serving that UE.

Editor's note:
It is FFS whether gPTP messages are forwarded on a distinct QoS Flow or other mechanism. If distinct QoS Flow is used it is FFS whether all gPTP messages are forwarded on it, or only a subset of the gPTP messages (e.g. those that carry information in the Suffix field). Usage of rateRatio is FFS.

A UE receives the gPTP messages and forwards them to the DS-TT. The DS-TT then creates egress timestamping (TSe) for the gPTP messages for external TSN working domains. The difference between TSi and TSe is considered as the calculated residence time spent within the 5G system for this gPTP message. The DS-TT modifies the gPTP messages it sends towards an end station to include the calculated residence time.

NOTE:
The Link Delay from the previous TSN system (gPTP entity) can be reflected in the TSi.


Observation 4: Core network is aware of which UEs of a RAN receive gPTP messages.

Given the above, core network can provide reference timing delivery information to RAN indicating whether associated UEs are receiving gPTP messages. As noted in observation 3, this information can facilitate resource efficient reference timing delivery. Hence, we propose the following.
Proposal 1: Core network should provide reference timing delivery information to RAN indicating whether associated UEs are receiving gPTP messages.

RAN may use reference timing delivery determination information provided by core network to determine delivery of reference timing. As an example, a RAN may determine which of its UEs are receiving gPTP messages based on reference timing delivery determination information received from core network and 

· May use broadcast reference timing only if there are at least two RRC connected UEs receiving gPTP messages, or

· May use unicast reference timing to a RRC connected UE only if the UE the is receiving gPTP messages.

Proposal 2: RAN may use reference timing delivery determination information provided by core network to determine delivery of reference timing. 

RAN2 should request SA2 and RAN3 to support signalling of reference timing delivery determination information.

Proposal 3: RAN2 should request SA2 and RAN3 to support signalling of reference timing delivery determination information.

3 Conclusion and summary
Following is list of observations and proposals from above discussion: 

Observation 1: The main use of accurate reference timing delivery in Rel-16 is to enable TSN time synchronization via 5GS by facilitating residence time computation at UEs for received gPTP messages. 
Observation 2a: RAN need not broadcast reference timing if no UEs are receiving gPTP messages, irrespective of whether the UEs are capable of utilizing the reference timing. 

Observation 2b: RAN need not unicast reference timing to a UE if the UE are receiving gPTP messages, irrespective of whether the UE is capable of utilizing the reference timing. 

Observation 3: It is useful for RAN to know whether a connected UE of the RAN is receiving gPTP messages.

Observation 4: Core network is aware of which UEs of a RAN receive gPTP messages.

Proposal 1: Core network should provide reference timing delivery information to RAN indicating whether associated UEs are receiving gPTP messages.

Proposal 2: RAN may use reference timing delivery determination information provided by core network to determine delivery of reference timing. 

Proposal 3: RAN2 should request SA2 and RAN3 to support signalling of reference timing delivery determination information.

