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1 Introduction
During RAN3#101bis meeting, a way forward was formed regarding to TSN synchronization [1]. 

- How to deliver time information to gNBs operating in a TSN network (e.g GNSS, gPPT, etc).

- Whether and how to achieve synchronization between gNB and UPF and between gNBs operating in a TSN network.

- What is the achievable synchronization accuracy from RAN network perspective.
Also last RAN2 meeting agreed an LS asking SA2 further synchronization requirement as follows.
SA2 is also requested to provide the feedback on whether <1 us synchronicity requirement is meant for both intra- and inter-gNB cases.
In this contribution, before the LS response from SA2 regarding the synchronization requirement, impacts of TSN synchronization on RAN3 are further discussed based on the way forward and SA2 study. 
2 Discussion
Time Sensitive Networking (TSN) aims to provide deterministic services, i.e. guaranteed packet transport with bounded low latency, low packet delay variation and low packet loss. In order to achieve this purpose, the premise is that all the related nodes/equipment are synchronized. 
According to TS 22.804, many use cases such as factory automation and electrical power distribution have strict requirements on clock synchronicity among coordinated nodes/equipment. As a typical use case in factory automation, the Motion Control scenario requires 1µs synchronicity among devices, which is a huge challenge to the current RAN architecture. Since the synchronization accuracy may rely on RAN1 answer and further clarification from SA2, below gives the analysis of RAN3 impact. 
2.1 Clock synchronization options in SA2
From RAN3 perspective, the nodes that need to be synchronized to the master clock (located in the outside TSN system) in 5GS mainly include gNB and UE. According to SA2 study [2], there are four options to synchronize UE to the TSN master clock: 

· Option 1: Transport of 802.1AS messages over the 5G system to convey timing to the UE. 
In this option, the 5G system appears as an 802.1AS compliant entity and 802.1AS standardized signaling is used to exchange time information between TSN master clock and UE. Option 1 is transparent to RAN3 but has the challenge that 802.1AS messages have to be transported via the 5G system with predictable latency. This is difficult for wireless systems due to the variability of latency over a wireless link. 
· Option 2: The 5G RAN receives the TSN timing information via direct connectivity with the TSN master clock, e.g. by having an embedded TSN client within the gNB. And 5G RAN delivers accurate time information to UE via broadcast/unicast signalling.
Option 2 assumes that gNB has direct connectivity with TSN clock. In this case, the 5GS is open to the outside TSN system. As stated in the LS from RAN2 [3], RAN prefers reusing the current QoS framework and allowing 5GS as a black box for TSN integration. Thus the direct connectivity from TSN to gNB in this option is not preferred from RAN perspective.
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· Option 3: The 5G RAN receives the TSN timing information from the TSN master clock, e.g., via underlying transport network by using an embedded PTP slave entity within the gNB. And 5G RAN delivers accurate time information to UE via broadcast/unicast signaling.
In this option, The 5G RAN receives the TSN timing information from the TSN master clock, e.g., via underlying transport network by using an embedded PTP slave entity within the gNB. Similarly, UPF is synchronized with TSN master clock with embedded PTP slave entity. 
From RAN3 perspective, in order to perform synchronization to TSN, RAN should maintain a PTP slave entity to support (g)PTP. 
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· Option 4: The UPF synchronizes with the TSN master clock using (g)PTP. And then UPF transports (g)PTP message to the UE. In the (g)PTP packet, time stamp is marked at both PDU layer and GTP layer. When the packet is received by RAN, the timer stamp at GTP layer is moved to PDCP layer. At last, UE using the time stamp in PDCP layer and PDU layer to synchronize with UPF.
In this option, RAN3 assumes time stamps should be marked at GTP layer and PDCP layer for the special packets used for synchronization. Moreover, RAN should be able to detect the time stamp in GTP layer to mark the time stamp in PDCP layer.
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To summarize, Option 1 may not work and Option 2 is not preferred by RAN. Option 3 and Option 4 should be considered. Therefore, RAN3 should study the impact brought by Option 3 and Option 4. 
Proposal 1: Option 3 and Option 4 are to be studied from RAN3 perspective. And the impacts of option 3 and option 4 to RAN3 are identified as follows:

· For Option 3, RAN should maintain a PTP slave entity to support (g)PTP.
· For Option 4, RAN should be able to detect and mark the time stamp in GTP layer and PDCP layer.
2.2 Inter-gNB synchronization scenario
Though SA2 shall provide LS responses regarding the synchronization requirement for intra and inter-gNB cases, in RAN3 we think that synchronization between UEs under different gNBs is needed. Therefore multiple gNBs are responsible for providing accurate reference timing to the UEs. In addition to the synchronization between gNB and UE, synchronization among gNBs is also necessary. Because if the gNBs are not strictly synchronized, the synchronization among the UEs is not possible either. What’s worse, the final time derivation among UEs will be the sum of the derivation between gNBs and the derivation between UE and gNB.
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At least the following two options for synchronization can be studied in this case:

Option1: All gNBs are synchronized to the same master clock, i.e. the TSN master clock.

This option can reuse the mechanism discussed in the previous sections and requires almost no extra effort. 

Option2: All gNBs are synchronized to each other through interaction, i.e. via Xn signaling.

For this option, the synchronization accuracy between network nodes has been fully studied at earlier releases and also by other working groups. For instance, RAN4 already defined the sync accuracy between gNBs is 3us. However, more study is needed to fulfil the TSN requirements.

Besides, synchronization among DUs belonging to the same CU should also be considered under CU-DU architecture. This is because possibly slave clocks may be on the DUs to be closer to UE. Therefore we propose:
Proposal 2: RAN3 to study the solutions for synchronization between gNBs or between DUs depending on SA2 confirmation.
3 Conclusion
In this contribution, we provide our analysis on potential RAN3 impacts regarding to TSN synchronization:
Proposal 1: Option 3 and Option 4 are to be studied from RAN3 perspective. And the impacts of option 3 and option 4 to RAN3 are identified as follows:

· For Option 3, RAN should maintain a PTP slave entity to support (g)PTP.
· For Option 4, RAN should be able to detect and mark the time stamp in GTP layer and PDCP layer.
Proposal 2: RAN3 to study the solutions for synchronization between gNBs or between DUs depending on SA2 confirmation.
A TP is provided in the annex. 
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5 Annex TP
6.4
Accurate reference timing provisioning
Editor’s note: RAN2 responsibility with potential network interfaces impacts handled by RAN3

6.4.1
Options for time synchronization using TSN
These are the solutions in “6.11 Options for time synchronization using TSN” and “6.19 Time synchronization between UE and TSN” for Key Issue 3.2 captured in TR 23.734 [x].

6.4.1.1
Solution 1 
This solution enables the 5G RAN to receive the TSN timing information from the TSN master clock, e.g., via underlying transport network by using an embedded PTP slave entity within the gNB. And 5G RAN delivers accurate time information to UE via broadcast/unicast signaling.
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Figure 6.4.1.1-1：Solution 1

· RAN impact：

In order to perform synchronization to TSN, RAN should maintain a PTP slave entity to support (g)PTP.
6.4.1.2
Solution 2 

In this solution, the UPF synchronizes with the TSN master clock using (g)PTP. And then UPF transports (g)PTP message to the UE. In the (g)PTP packet, time stamp is marked at both PDU layer and GTP layer. When the packet is received by RAN, the timer stamp at GTP layer is moved to PDCP layer. At last, UE using the time stamp in PDCP layer and PDU layer to synchronize with UPF.
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Figure 6.4.1.1-2：Solution 2

RAN impact：
Time stamps should be marked at GTP layer and PDCP layer for the special packets used for synchronization. Moreover, RAN should be able to detect the time stamp in GTP layer to mark the time stamp in PDCP layer.
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