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[bookmark: OLE_LINK1][bookmark: OLE_LINK2]1.	Introduction
In the IIOT/URLLC WID, the detailed objectives of Enhancements for support of time synchronization are as below [1]:
	4. Enhancements for support of time synchronization:
a. RAN impacts of SA2 work on uplink time synchronization for TSN, if any. [RAN2]
b. Propagation delay compensation enhancements (including mobility issues, if any). [RAN2, RAN1, RAN3, RAN4]


In the contribution, we will discuss the two bullets in detail.
[bookmark: OLE_LINK13][bookmark: OLE_LINK12]2. Discussion
0. Background review
IEEE TSN defines 3 types of TSN configuration modes: Full-centralized, Distributed, and Hybrid. As discussed in R16 IIoT, 3GPP adopted Full-centralized mode [2]. For supporting TSN time synchronization, the 5GS is integrated with the external network as a TSN bridge. For TSN Synchronization, the entire E2E 5G system can be considered as an IEEE 802.1AS [3] "time-aware system". Only the TSN Translators (TTs) at the edges of the 5G system need to support the IEEE 802.1AS [3] 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.

Figure 1 5G system is modelled as IEEE 802.1AS compliant time aware system for supporting TSN time synchronization
From the above figure, it depicts the two synchronization systems: the 5GS synchronization and the TSN domain synchronization, as well as the consideration on Master (M) and Slave (S) ports 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 [4].
-	TSN domain synchronization: Provides synchronization service to TSN network. This process follows IEEE 802.1AS [3].
The two synchronization processes can be considered independent from each other and UEs and gNB only need 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. gPTP messages are used to transfer TSN domain synchronization via 5GS user plane. Since the IEEE 802.1AS synchronization procedure [3] relies on back and forth gPTP messages between the TSN GM to the TSN End Station, there should, in principle, be no major difference from RAN perspective when the TSN GM is located on the network or on the UE side. This is also noticed in TR 23.700-20 [5], where it is stated “Therefore, this solution proposes that similar operations defined for DL TSN Time Synchronization can be re-used for the UL TSN Time Synchronization i.e. for the TSN GM(s) attached to the device side.” in Solution #1: Uplink Time Synchronization for TSN. Only potential changes of the SA2/SA1 requirements could require RAN improvements, which we analyze in the next Section. 
[bookmark: _Ref47355235]Observation 1: Legacy RAN solution in support of DL TSN Time Synchronization should be the starting point, with potential improvements in support of new SA2/SA1 requirements.
0. Analysis of SA2/SA1 requirements
SA2 posted new scenarios for UL Time Synchronization in Rel-17 [5]. One or more TSN GM(s) are attached to the device side and are used to synchronize the TSN end stations behind the 5GS (i.e. NW-TTs) and behind the other UEs (i.e. DS-TTs).
According to SA2 TR, distributing the UL gPTP messages from TSN GM attached to the device to all TSN end stations behind the UPFs (NW-TTs) and behind the other UEs (DS-TTs) can be achieved by using the following steps (referred to the below Figure).


Figure 2 The distribution of UL Time Synchronization Information with the same UPF
-	DS-TT which is attached by one or more TSN GMs will perform exactly same operations for UL gPTP messages as NW-TT performs the operations for the DL gPTP messages as specified in clause 5.27.1.2.2 of TS 23.501 [2].
-	In case of synchronizing TSN end stations behind 5G System (NW-TT), NW-TT will perform exactly the same operations for UL gPTP messages as DS-TT perform the operations for the DL gPTP messages as specified in clause 5.27.1.2.2 of TS 23.501 [2]. After NW-TT on the UPF side receives the UL gPTP messages, the NW-TT will forward to the TSN end stations, with adding 5GS residence time to the correction field and removing TSi timestamp from the suffix field.
-	In case of synchronizing TSN end stations behind other UE(s), the UPF will forward the received UL gPTP message transparently to the other UEs to distribute the gPTP messages further to the TSN end stations behind other UEs (other DS-TTs) by applying the same forwarding principles as described in clause 5.27.1.2.2 of TS 23.501 [2] except that the PDU session of the source device connected to the corresponding DS-TT port is not included in the forwarding.
[bookmark: _Ref47455766][bookmark: _Ref47339631]Observation 2: Since the gPTP messages from/to DS-TT (TSN GM) to/from DS-TT (TSN end station) are forwarded by UPF transparently, the residence time contains the propagation delay in two Uu links (one UL and one DL).
Moreover, from SA1 perspective, in clause 5.6.1 of TS22.104 [6],  there is a definition for the synchronicity budget for the 5G system. 
Clock synchronicity, or time synchronization precision, is defined between a sync master and a sync device. The requirement on the synchronicity budget for the 5G system is the time error contribution between ingress and egress of the 5G system on the path of clock synchronization messages.

The stringent requirements for clock synchronization service performance is changed from 1us to 900ns (see the below table green parts).
Table 1 Clock synchronization service performance requirements for the 5G System
	User-specific clock synchronicity accuracy level 
	Number of devices in one Communication group for clock synchronization
	5GS synchronicity budget requirement 
(note)
	Service area 
	Scenario

	1
	Up to 300 UEs
	≤900 ns 
	≤ 100 m x 100 m
	· Motion control
· Control-to-control communication for industrial controller

	2
	Up to 10 UEs
	< 10 µs
	≤ 2500 m2
	· High data rate video streaming

	3
	Up to 100 UEs
	<1  µs
	< 20 km2
	· Smart Grid: synchronicity between PMUs

	NOTE:	The clock synchronicity requirement refers to the clock synchronicity budget for the 5G system, as described in Clause 5.6.1.


[bookmark: _Ref47455677][bookmark: _Ref47355246]Observation 3: The stringent 5GS synchronicity budget requirement is lower down to 900ns and can now apply between UEs.
0. RAN impacts
According to the observations in section 2.2, two aspects shoud be considered in RAN2 for UL TSN synchronization.
1) The transmission of gPTP messages
As depicted in SA2 TR 23.700-20, gPTP message contains a timestamp and possible correction field. It is critical for TSN synchronization. If the Egress cannot get the gPTP message and amend the time point of data transmission based on it within the time budget, TSN time synchronization is difficult to be maintained. Moreover, based on Observation 2, the travel path now becomes longer (UE1-UPF-UE2) which, although estimated and removed as residence time, should still be minimized to guarantee a minimum delay of the synchronization procedure. Therefore, RAN should be aware of gPTP messages and discuss how to ensure both their reliability and latency.
[bookmark: _Ref47339744]Proposal 1: RAN should be aware of gPTP messages and discuss how to ensure their reliability and latency.
2) Time synchronization in Uu interface
[bookmark: _Ref46930476]In Rel-17, two new factors are involved: 1) for DS-TT to DS-TT, the evaluation and compensation of the overall synchronization accuracy error should consider two Uu interfaces; 2) the inter-site distances can be greater than 200m. 
In Rel-16, we had discussed gNB or UE perform PDC for a long time and decided UE may perform PDC. Because of the new factors in Rel-17, PDC should be supported (not may).
Additionally, for the DS-TT to DS-TT case, the time deviation in the first Uu interface (UE with TSN GM to gNB) should not be ignored because it can accumulate the overall timing synchronization error unexpectedly. In the uplink, it is suitable for gNB to perform PDC because it can evaluate and compensate the time deviation more accurately. Then UE should know if the gNB has performed PDC so that it can decide whether PDC is needed in UE side.
[bookmark: _Ref47339747]Proposal 2: PDC should be supported at either NW or UE, and UE should be informed.
3. Conclusion
In this contribution, Rel-17 Enhancement for support of time synchronization is discussed. Based on the above analysis, the following observations and proposals are made: 
Observation 1: Legacy RAN solution in support of DL TSN Time Synchronization should be the starting point, with potential improvements in support of new SA2/SA1 requirements.
Observation 2: Since the gPTP messages from/to DS-TT (TSN GM) to/from DS-TT (TSN end station) are forwarded by UPF transparently, the residence time contains the propagation delay in two Uu links (one UL and one DL).
Observation 3: The stringent 5GS synchronicity budget requirement is lower down to 900ns and can now apply between UEs.
[bookmark: _GoBack]Proposal 1: RAN should be aware of gPTP messages and discuss how to ensure their reliability and latency.
Proposal 2: PDC should be supported at either NW or UE, and UE should be informed.
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