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Introduction
In RAN#88-e meeting, the scope for Rel-17 IIoT/URLLC WI has been updated. The following objectives about enhancements for support of time synchronization are listed in the WID [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 this paper, we will first review the discussion about 5G timing for TSN time synchronization in Rel-16, then we will analyze the new challenges for 5G timing introduced by uplink time synchronization for TSN. Besides, mobility issues are also analyzed.
Discussion
5G timing for TSN time synchronization in Rel-16
[bookmark: _GoBack]During the study of Rel-16 IIOT/TSN, 5G system is modelled as IEEE 802.1AS compliant time aware system for supporting TSN time synchronization, as shown in the Fig.1 [2]. The TSN GM, which is the TSN sync master, is considered to be deployed outside the UPF. The time synchronization message, e.g. gPTP message, can be sent from the sync master to other TSN end stations, including the end station connected to a UE via DS-TT. The distribution of TSN clock from TSN GM to TSN end station connected to a UE is also called as downlink time synchronization. 

Fig.1 5G system supporting TSN time synchronization
The mechanism for downlink distribution of TSN clock can be briefly summarized as follows. Upon reception of a downlink gPTP message, the NW-TT at the UPF makes an ingress timestamping (TSi) for each gPTP message, based on the 5GS time. UPF forwards the gPTP message from the TSN network to a UE via the UE’s specific PDU session. The UE receives the gPTP message and then forward it to the DS-TT. The DS-TT creates egress timestamping (TSe) for the gPTP message based on the 5GS time. 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 can add the calculated residence time to the correction field of the gPTP message, and send it to the TSN end station.
The premise of the above mechanism for distribution of TSN clock is that the 5GS time maintained at the UPF side is precisely synchronized with the 5GS time maintained at the UE side. As shown in the Fig.1, the UPF and the NW-TT may get the 5G internal system clock through PTP-compatible 5G transport. The UE is synchronized to the gNB via the signaling of reference time related to the radio frame, e.g. via SIB9 or unicast DLInformationTransfer message.
In Rel-16, SA1 proposed the sync error requirement for TSN time synchronization, i.e. the working clock domains require a precision of ≤1 µs between the sync master and any device of the clock domain [3]. In [4], RAN2 request RAN1 to analyze the time synchronization accuracy achievable over Uu interface, and request RAN3 to analyze the time synchronization accuracy achievable from RAN network perspective.
Accordingly, based on RAN1’s evaluation [5], RAN1 concluded that a time synchronization error between a gNB and a UE no worse than 540ns is achievable for Rel-15 NR with 15kHz SCS. The synchronization accuracy is improved when the higher SCS is used. Besides, for small service areas with dense cell deployments, a propagation delay compensation by the UE would not be required. The propagation delay compensation needs to be applied by the TSN UEs for larger service areas with more sparse cell deployments (e.g. for inter-site distances >200m the gNB-to-UE time synchronization accuracy without propagation delay compensation may be worse than 1us). During RAN1’s evaluation, TA/2 (without NTA_offset) is used for propagation delay compensation.
Observation 1: In RAN1’s evaluation for time synchronization accuracy between a gNB and a UE, TA/2 (without NTA,offset) is used for propagation delay compensation.
Observation 2: In Rel-16 study, a time synchronization error between a gNB and a UE no less than 540ns is achievable according to the RAN1 evaluation for Rel-15 NR with 15kHz SCS.
In Rel-16, RAN3 evaluate the maximum absolute time error (TE) between TSN GM clock and gNB is summarized in the following table [6]:
Table-I Maximum absolute time error (TE) between TSN GM clock and gNB
	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. 


RAN3 understanding is that the latency introduced by network interfaces depends on the backhaul type and network architecture. Considering the UPF is synchronized to the gNB through PTP-compatible capable transport, the synchronization accuracy is N*40ns, where N is number of PTP hops between the UPF and the gNB. In certain scenarios, e.g. UPF collocated to the gNB, the latency can be negligible. Based on the evaluations, the time sync error for the whole 5G system is up to (540+N*40)ns, where N is number of PTP hops between the UPF and the gNB.
Observation 3: In Rel-16, the time synchronization error for the 5G system is up to (540+N*40) ns, where N is number of PTP hops between the UPF and the gNB.
During Rel-16 discussion, RAN2 agreed that the indicated reference time is referenced at the network, i.e., without compensating for RF propagation delay. The propagation delay compensation may be done by UE implementation. Also RAN2 did not capture propagation delay compensation aspect in stage-2 specifications. It shall be noted that if UE implementation performs propagation delay compensation based on TA/2, the 1µs synchronization accuracy requirement between the sync master and TSN end station can be fulfilled in downlink time synchronization scenario.
Uplink time synchronisation for TSN
In Rel-17, SA2 proposed a key issue for uplink time synchronization [6], where the TSN GM in the TSN network is attached to the TSN device connected to the UE. The time synchronization message can be sent from the TSN GM to TSN end stations behind 5G system (e.g. connected to the UPF), or TSN end stations behind other UEs. The scenario for uplink time synchronization for TSN is depicted in the following Fig.2. 


TR 23.700/Figure 6.1.2-1: The distribution of UL Time Synchronization Information with the same UPF
Fig.2 Illustration of uplink time synchronization
There are 2 cases for the gPTP message transmission:
· Case 1: In case of synchronizing TSN end stations behind 5G System (NW-TT), all gPTP messages are transmitted using the user-plane resources in 5GS and follows the principle that one PDU session is established per DS-TT port for a UPF. 
This time synchronization accuracy error for RAN is then same as R16. No new time synchronization accuracy requirement is foreseen.
· Case 2. In case of synchronizing TSN end stations behind other UE(s), all gPTP messages are transmitted using the user-plane resources in 5GS and follow the principle that two PDU sessions are used. This case can be called as UE-UE timing case.
In this case, the sync error will be doubled due to round-trip propagation delay (UE-gNB-UPF-gNB-UE). For uplink time synchronization, if the total sync error caused by 5G timing and 5GC network interfaces for downlink time synchronization is △, the total sync error for uplink time synchronization in this case will be 2*△. Based on the above observation 3, the time synchronization error in the UE-UE timing case will be up to (1080+N*80) ns, assuming 15kHz SCS is deployed and TA/2 is used for propagation delay compensation.
It can be found that in the UE-UE timing case, the time synchronization error will exceed the 1µs synchronization accuracy requirement between the sync master and TSN end station.
Observation 4: In the UE-UE timing case, the time synchronization error will be up to (1080+N*80) ns assuming 15kHz SCS deployment and TA/2 is used for propagation delay compensation, which will exceed the 1µs end-to-end synchronization accuracy requirement.
Besides, it shall be noted that SA1#90e has agreed that time synchronization budget for the 5G system is 900ns in [7], as depicted in the following Fig.3. Considering this more stringent sync accuracy requirement, in UE-UE timing case, 2*△ shall be less than 900ns. Thus, for uplink time synchronization, the sync error of air interface shall be less than (450-δ) ns, where δ ns is the sync error introduced by 5GC network interfaces. In certain scenarios, e.g. UPF collocated to the gNB, δ can be negligible.
Observation 5: In the UE-UE timing case of Rel-17, the sync error of 5G timing shall be less than (450-δ) ns, where δ ns is the sync error introduced by 5GC network interfaces.
[image: ]
Fig.3. The maximum TE (time error) left for the 5G system is 900ns
Propagation delay compensation enhancements
In Rel-16, RAN2 has discussed some schemes for propagation delay compensation, e.g. NW pre-compensation or UE compensation based on TA/2, etc. The conclusion is that the propagation delay compensation may be done by UE implementation. However, according to analysis in section 2.2, TA/2 based propagation delay compensation mechanism cannot fulfil the requirement of sync accuracy in air interface at least for uplink time synchronization scenario. 
It shall be noted propagation delay compensation will be dominating part of the sync error of 5G timing. Considering the TA/2 based propagation delay compensation with 15kHZ SCS, the granularity of TA will cause the TA adjusting accuracy error, which is . This TA adjusting accuracy error could bring almost half of the time synchronization error between a gNB and a UE, which is 540ns for 15kHz SCS. The propagation delay compensation enhancements and especially TA accuracy enhancements will help to reduce the sync error of 5G timing.
RAN2 can discuss the propagation delay compensation enhancements to satisfy the time synchronization accuracy for uplink UE-UE time synchronization in Rel-17, e.g. NW pre-compensation or UE compensation or both, as well as TA accuracy enhancements.
Proposal 1: RAN2 can discuss the propagation delay compensation enhancements to satisfy the time synchronization accuracy for uplink UE-UE time synchronization in Rel-17, i.e. (450-δ) ns, where δ ns is the sync error introduced by 5GC network interfaces.
Mobility issues for propagation delay compensation
In the WID objective, it is mentioned that propagation delay compensation enhancements can including mobility issues, if any. However, it is not clear whether there are any mobility issues. In most cases for IIoT services, the UE will be static or moving in low speed, and will not handover too frequently. If UE does handover, we think the target gNB shall firstly be made aware of the UE’s preference for 5G reference time. Then 5G timing information shall be sent to the UE by the target gNB. In order to fulfill the sync accuracy requirement of 5G timing, potential propagation delay compensation enhancements shall be applied, which will be designed in Rel-17. The key issue for handover scenario is then the target gNB’s awareness of the UE’s preference for 5G reference time. 
In Rel-16, the UE wanting 5G reference time will report its preference for 5G reference time via UEAssistanceInformation message. Based on current spec, during handover, such UEAssistanceInformation message will be transferred to the target gNB by the source gNB contained in the HO request message. Thus the target gNB will be made aware of that UE’s preference for 5G reference time, even no UEAssistanceInformation message is reported directly by the UE after handover. We think the mobility issues for propagation delay compensation enhancements can be fulfilled through existing mechanisms.
Observation 6: UEAssistanceInformation will be transferred from the source gNB to the target gNB during handover to make target gNB aware of UE’s preference for 5G reference time.
However, the duration of handover may be hundreds of milliseconds. The 5G time maintained by the UE may lose its accuracy if no 5G reference time is received during such a long time. We think RAN2 can discuss potential mobility issues where UE may lose the accuracy of its 5G reference time.
Proposal 2: RAN2 can discuss potential mobility issues where UE may lose the accuracy of its 5G reference time.
Conclusion
Base on the analysis above, we propose the following observations and proposals:
Observation 1: In RAN1’s evaluation for time synchronization accuracy between a gNB and a UE, TA/2 (without NTA,offset) is used for propagation delay compensation.
Observation 2: In Rel-16 study, a time synchronization error between a gNB and a UE no less than 540ns is achievable according to the RAN1 evaluation for Rel-15 NR with 15kHz SCS.
Observation 3: In Rel-16, the time synchronization error for the 5G system is up to (540+N*40) ns, where N is number of PTP hops between the UPF and the gNB.
Observation 4: In the UE-UE timing case, the time synchronization error will be up to (1080+N*80) ns assuming 15kHz SCS deployment and TA/2 is used for propagation delay compensation, which will exceed the 1µs end-to-end synchronization accuracy requirement.
Observation 5: In the UE-UE timing case of Rel-17, the sync error of 5G timing shall be less than (450-δ) ns, where δ ns is the sync error introduced by 5GC network interfaces.
Observation 6: UEAssistanceInformation will be transferred from the source gNB to the target gNB during handover to make target gNB aware of UE’s preference for 5G reference time.
Proposal 1: RAN2 can discuss the propagation delay compensation enhancements to satisfy the time synchronization accuracy for uplink UE-UE time synchronization in Rel-17, i.e. (450-δ) ns, where δ ns is the sync error introduced by 5GC network interfaces.
Proposal 2: RAN2 can discuss potential mobility issues where UE may lose the accuracy of its 5G reference time.
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