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1. Overall Description:

SA2 thanks RAN2 reply LS on TSN requirements evaluation. SA2 has now concluded on the TSN integration options allowing “5GS to be integrated as a black box” (Solution #8 in TR 23.734). 
SA2 has also observed the following assumption in the RAN2 LS response regarding gNB to UPF delay:

RAN2 assumes that the delay introduced by network interfaces is negligible (e.g. UPF in TSN use cases will often be collocated or very close to the gNB) and thus the delay budget mentioned in the table above is fully available for the transmission over Uu interface.
However, SA2 would like to point out that this is cannot be assumed to be the case always, e.g. considering the “best case” situation where an operator wants to replace an existing wired, TSN network with a full “in building wireless solution”.   It is also likely that we need solutions utilising wide area network.
Thus SA 2 wishes to indicate that RAN2 cannot assume that the delay between ng-eNB/gNB and UPF is always negligible and that some budget should be available for non-radio interface. Thus, 5GS QoS enhancements have to be supported to deliver deterministic QoS on the links between ng-eNB/gNB and UPF, and at handover.

SA2  is studying TSN Time synchronization solutions that have the following RAN impacts:

1) Conveying timing to the UE that act as boundary master clocks towards connected TSN device via 5G specific signalling, e.g. via 5G broadcast/5G unicast frame structure. In this option, the 5G RAN utilizes its fine-frame structure (e.g. below PHY symbol level) to convey precise timing to the UE. The 5G RAN receives the TSN timing information via direct connectivity with the TSN master clock, e.g. via underlying transport network by having an embedded TSN client within the gNB (this option does not use UE specific 802.1AS messages). (Refer Solution #11 Option 2)
2) One time-aware relay implemented with Solution#8 5G RAN is unaware of the TSN. The timing information from TSN working domain (external clock) is delivered via the UEs to the respective End stations.  The 5G internal system clock will keep these network elements synchronized so that the timestamping of the gPTP event messages is done correctly. The 5G internal system clock can be made available to UE with signalling of time information related to absolute timing of radio frames (i.e. using SIB/RRC based methods described for LTE Rel-15). The timing information (gPTP messages, including the information on the incoming sync message timestamping) can be carried to the UE as data packets (e.g. payload). The time stamp is based on the 5G internal system clock. (Refer Solution #11 Options 3).
3) For multiple time domains: “Multiple time domains merged into one domain using 5G clock “, the UE only receives 5G timing information through gNB, and acts as master clock to the TSN end stations. In this solution each interface of the 5G system is seen by the connected TSN networks and by the End stations, as separate GMs, each of them operating in independent gPTP domains, but providing the same time to all the connected networks. (Refer Solution #11 Options 4).
4) 5GS gives deterministic delays between UPF and UE and 5GS acts as a link or as a TSN Bridge. When 5GS acts as a link, PTP messages containing clock information are passing through 5GS experiencing deterministic delays. 5GS need not perform any measurement/synchronization processes. When 5GS acts as a TSN bridge, the deterministic delays between UPF and UE make the residence time in 5GS be easily calculated so that 5GS can make proper correction of the PTP header’s “correctionField” with the residence time. (See Solution #17).
5) Based on the internal synchronization, the 5GS transparently pass the external PTP message through and makes proper correction of the PTP header’s “correctionField” with the known residence time (See solution #19).

4) 5GS acts as transparent clock with independent internal clock achieving common concept of time between UEs and UPF as well as among different UEs. This is to allow one-way measurement and control of the E2E delay (Refer Solution #28).

Thus, SA2 likes to request RAN1/RAN2 to provide input to SA2 regarding feasibility impacts from RAN perspective for the solution options identified above. In addition, SA2 would like to request feedback on the scalability on the radio interface for solutions that require transport of gPTP time synchronisation messages using per-UE unicast transport over the air.   Feedback will help SA2 decide on the solution option(s) that should be supported for TSN Time synchronization in release 16.
2. Actions:

To RAN1 and RAN2 group.

ACTION 1: 
SA2 kindly asks RAN1 and RAN2 to answer the questions raised above.
ACTION 2: 
SA2 kindly asks RAN1 and RAN2 to take into account SA2 conclusion on the architecture for TSN integration and the non-negligible delay between ng-eNB/gNB and UPF for their work on TSN.
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