[bookmark: _Hlk485401214][bookmark: _GoBack]3GPP TSG-RAN WG2 #105bis	Tdoc R2-1904044
Xi’an, China, 08 Apr – 12 Apr 2019	 

Agenda Item:	11.7.2.1
Source:	Ericsson
Title:	Clock type in reference time provisioning
Document for:	Discussion

Introduction
[bookmark: _Toc524946176]This paper addresses the following item in the WID
	· 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) [RAN2].



In this paper, we provide a technical overview of the solution options in TR 23.734 v16.0 [2] and analyse the RAN impacts of these solutions, in particular related with the clock type in reference time provisioning.  
Discussion
The SA2 solutions can be categorized into the following two categories:
5GS as one time-aware system: Solution #11 option 3 and solution #28.X2 of TR 23.734 from a timing perspective can be considered as falling into a common category since on a high level they all model 5GS as a time-aware system. 
The technical aspect of the time-aware system is based on the timing mechanism described in IEEE802.1AS. The basic principle of how time synchronization is achieved is that, as the TSN GM sends its view of time (using SYNC messages) towards slave clock(s), each network element along the way receives the SYNC message and adds a correction to the SYNC message in which the correction is the delay of the SYNC message (i.e., residence time) in this network element. The 5GS acts as a single Time-Aware system, where the residence time is calculated between the external interfaces (e.g., between the translator connected to the TSN bridge on the right, and the translator connected to the End Station on the left). 
Thus, for the solution of using 5GS as one time-aware system, the correction includes the residence time through the system, i.e., 5G system adds a correction related with the delay of the message when it is transmitted through 5G system. The 5G system relays the “preciseOriginTimestamp to the end station, and the overall residence time is evaluated at the edges of the 5GS (i.e., UE/Translator and UPF/Translator).


Figure 1 5G system modelled as a time-aware system
The prerequisite is: 
1. UPF/Translator, gNB and UE/Translator are synchronized to the 5G grandmaster clock;
2. UPF/Translator is also locked to the TSN master clock.
[bookmark: _Hlk536197517]The 5GS transparently passes the external PTP message as user plane data. With the assumption that the nodes within 5GS are synchronized, it is possible to know the residence time of this PTP message within the 5G system and add the residence time within the relay into the "correctionField" within the header of the PTP message.
[bookmark: _Toc4165961][bookmark: _Toc4404732][bookmark: _Toc4517425][bookmark: _Toc4567757]For solution #11 option 3 and solution #28.X2, gNB only needs to transparently pass the external PTP messages as user plane data.
For all the above methods, gPTP time synchronisation messages are transmitted using per-UE unicast transport over the radio interface and require that the UE/Translator, gNB and UPF/Translator are all aware of the 5G clock.
[bookmark: _Toc4165962][bookmark: _Toc4404733][bookmark: _Toc4517426][bookmark: _Toc4567758]For solution #11 option 3 and solution #28.X2, UE needs to be synchronized to the 5G clock. 

The second category is that gPTP Processed in every 5GS node.
In this second category of the solutions, all nodes in the 5GS, process the IEEE 802.1AS information. The nodes regenerate the timestamp, that would imply a deviation from IEEE 802. In our understanding and interpretation, solution 11 option 2 falls into the second subcase. In more detail, the UPF implements a PTP Relay Instance, and the gNB implements a PTP End Instance that regenerates the TSN timing information received from the TSN master clock via the UPF or via underlying transport network. gNB then utilizes its fine-frame structure (e.g. below PHY symbol level) via 5G specific signalling, e.g. via 5G broadcast/5G unicast frame structure, to convey precise TSN timing to the UE.  Finally, the UE implements a PTP instance that acts as GM towards the connected TSN device. 


Figure 2 Termination of gPTP message at gNB/UE
[bookmark: _Toc4165963][bookmark: _Toc4404734][bookmark: _Toc4517427][bookmark: _Toc4567759]For solution #11 option 2, gNB needs to be synchronized to the TSN clock. 

In the LTE baseline, we can specify the time info type to indicate whether the time is a GPS time or a local time, see TS 36.331 v15.4.0. In a similar fashion, NR can also indicate the clock type, i.e., whether it is a TSN time or a local 5G time.
[bookmark: _Toc4165964][bookmark: _Toc4404735][bookmark: _Toc4517428][bookmark: _Toc4567760]The LTE baseline is enough to meet the (signalling-aspect) requirement on reference time provisioning from gNB to UE for any of SA2 solutions. 

However, it is not clear yet whether SA2 would support which one of them or both. We propose to wait till SA2 progress to decide whether we need a similar indication 
Proposal 1 [bookmark: _Toc4165968][bookmark: _Toc4404736][bookmark: _Toc4517429][bookmark: _Toc2957359][bookmark: _Toc2959963][bookmark: _Toc2960022][bookmark: _Toc3295262][bookmark: _Toc4141986][bookmark: _Toc4142060][bookmark: _Toc4142132]Wait till SA2 progress to decide whether to support indication of the clock type in RRC-unicast/SIB reference clock provisioning. 

Conclusion
The following observations have been made:
Observation 1	For solution #11 option 3 and solution #28.X2, gNB only needs to transparently pass the external PTP messages as user plane data.
Observation 2	For solution #11 option 3 and solution #28.X2, UE needs to be synchronized to the 5G clock.
Observation 3	For solution #11 option 2, UE needs to be synchronized to the TSN clock.
Observation 4	The LTE baseline is enough to meet the (signalling-aspect) requirement on reference time provisioning from gNB to UE for any of SA2 solutions.

[bookmark: _Toc528850436][bookmark: _Toc528850447][bookmark: _Toc528850496][bookmark: _Toc528850518][bookmark: _Toc528853699][bookmark: _Toc785813]Based on the discussion above, we propose the following:
Proposal 1	Wait till SA2 progress to decide whether to support indication of the clock type in RRC-unicast/SIB reference clock provisioning.
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