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* * * * Start of Change * * * *
[bookmark: _Toc524187559][bookmark: _Toc473190644][bookmark: _Toc500949091][bookmark: _Hlk535086380][bookmark: _Hlk535097958]6.X	Solution #  Time error budget between UE and NG RAN
[bookmark: _Toc524187560]6.X.1	Description
The solution addresses Key issue #3.2: Time synchronization aspect regarding the open issues of:
-	How the 5G system achieves time synchronization for the devices connected to the 3GPP network, to meet the requirement defined by SA WG1.
-	How the 5G system achieves time synchronization between the devices connected to the 3GPP network and external time-sensitive network to meet the requirement defined by SA WG1.


[bookmark: _GoBack]Figure-6.X.1-1 The synchronization precision requirement over Uu
As defined in chapter 5.6.1 in TS 22.104, maximum absolute time error (TE) between TSN GM clock and End Station is ≤ 1 µs.
	The global time domain shall provide time synchronization with precision of 1 µs.
NOTE 2:	Some use cases require only a precision of ≤ 100 µs for the global time domain if a working clock domain with precision of ≤ 1 µs is available.
NOTE 3:	The required precision is between the sync master and any device of the global time domain.
The working clock domains shall provide time synchronization with precision of ≤ 1 µs. 
NOTE 4:	The required precision of ≤ 1 µs is between the sync master and any device of the clock domain.
NOTE 5:	Different working clock domains are independent and can have different precision.



RAN3 has confirmed (LS S2-1812473) the maximum absolute time error (TE) between TSN GM clock and gNB is summarized in the following table:
	Synchronization source
	Synchronization accuracy

	Local on-site GNSS receiver (GPS is TSN GM clock) 
	|TE| = 100 ns absolute, 200ns relative between nodes.

	Local on-site TSN GM clock
	TE is negligible.

	Remote TSN GM clock entity using cascaded PTP capable transport network connections
	|TE| ~N*40ns, where N is number of PTP hops. 


As defined in 802.1AS, the TE is related to the time measurement granularity, the time measurement granularity is the granularity with which the Local Clock measures time shall be less than or equal to 40ns.
The TE budget between the RAN and UE shall be less than or equal to (1 µs - N*40ns - M*40ns), where N is number of PTP hops between the gNB and TSN GM clock and M is number of PTP hops between the UE and End Station. The PTP hops can be retrieved by the BMCA (Best master clock algorithm).
The minimum granularity is TA adjustment is 0.25µs, then stable |TE| should be 0.125µs. RAN has agreed to do the time distribution via broadcast RRC. The 0.5 broadcasting period is also a stable |TE|. TE budget between the RAN and UE should be took into account by the RAN to decide the time precision for the UE.
6.X.2	procedure


Figure 6.X.2-1: UE-requested PDU Session Establishment
1.	When the UE requests to setup a PDU session for a TSN bridge, the UE provides the maximum timer error (TE) between the UE and the End Station in the N1 SM container (PDU Session Establishment Request). 
2-10. are defined as the step 2-10 in Figure 4.3.2.2.1-1: UE-requested PDU Session Establishment for non-roaming and roaming with local breakout in TS 23.502
11.	The SMF sends Namf_Communication_N1N2MessageTransfer to the AMF, the N2 SM information includes the TE between the UE and the End Station.
12.	AMF to (R)AN: N2 PDU Session Request (N2 SM information, NAS message (PDU Session ID, N1 SM container (PDU Session Establishment Accept))).
	The RAN decides the TE budget between the UE and RAN based on the received TE between the UE and the End Station and the TE between the RAN and TSN Grand Master.
13-20. are defined as the step 13-20 in Figure 4.3.2.2.1-1: UE-requested PDU Session Establishment for non-roaming and roaming with local breakout in TS 23.502.
[bookmark: _Toc531962330]6.X.3	Impacts on Existing Nodes and Functionality
Editor's note:	This clause captures impacts on existing 3GPP nodes and functional elements.

[bookmark: _Toc531962331]6.X.4	Solution Evaluation
Editor's note:	This clause provides an evaluation of this solution.

* * * * End of Changes * * * *
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