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1	Overall description
SA2 thanks ITU-T Study Group 15 for their response.
Regarding the questions provided to 3GPP SA2 in S2-2200041 (SG15-LS348), SA2 would like to provide following responses (in bold text): 
“1) Could some assumption be made on the typical network architectures for the 5G domain in terms of distance (e.g., number of switches/routers) between the gNB and the NW-TT in this context (i.e., 5G integrated in TSN)? (the service area, < 1 km x 100m, seems to indicate a relatively small number of hops)”
Answer: 3GPP does not specify transport network architectures, however the assumptions proposed  look reasonable, i.e., relatively small number of hops between gNB and NW-TT is expected. The analysis performed by RAN2 indicated below (i.e. R2-2100001), the worst case scenario involved 3 – 5 hops between the gNB and the UPF/NW-TTs.

“2) Could we assume that the PRTC (5G T-GM) be normally common for the gNB and the NW-TT in this context (i.e., 5G integrated in TSN)?  the service area, < 1 km x 100m, seems to indicate that the same PRTC can be generally assumed)”
Answer: 3GPP does not specify sync network architectures, however the assumptions made look reasonable, i.e., 5G T-GM is common for gNB and NW-TT in the context of 5G integrated with TSN.

“3) What typical budget of time error “X” should be allocated to the radio interfaces including UE and DS-TT in this context (i.e., 5G integrated in TSN, with up to 1 km distance)?”
Answer: Some analysis has been discussed on this topic in 3GPP RAN WG2 and the following agreements were reached regarding the Uu (air) interface between the 3GPP UE and the gNB, see section 8.5.2 in the Report of the 3GPP TSG RAN2#112-e meeting: https://www.3gpp.org/ftp/TSG_RAN/WG2_RL2/TSGR2_112-e/Report/R2-2100001.zip, based on some identified scenarios, and a total 5G system budget of 900ns. Note that Time Sensitive Communications (TSC) is a more general service, which includes integration with TSN gPTP profile or other relevant PTP profiles.
These two scenarios that seem more related to the questions associated with this LS: 
· Scenario 1: In the control-to-control communication use case, where TSC devices behind a target UE/DS-TT are synchronized to any TD, from a GM behind the NW-TT. The 5GS introduced error is caused by the relative time-stamping inaccuracy at the NW-TT and the DS-TTs. This is the scenario discussed in the incoming LS.
· Scenario 2: In the control-to-control communication use case, where TSC devices behind a target UE/DS-TT are synchronized to any TD, from a GM behind the UE (see Figure 1). The 5GS introduced error is caused by the relative time-stamping inaccuracies at the involved DS-TTs, since message distribution makes two rounds (receiving DS-TT to destination DS-TTs). This scenario may also be of interest. 
[image: ]
Figure 1 Scenario 2: GM is located behind the UE, the synchronization messages are switched back to other UE/DS-TTs at the UPF (core network).
Note that to improve the accuracy of the timing distribution over the Uu (radio interface), the RAN nodes may apply a propagation delay compensation (PDC) method.
Some estimation for the error budget for X (according to the incoming LS) could be made based on the assumptions in:  
https://www.3gpp.org/ftp/TSG_RAN/WG2_RL2/TSGR2_112-e/Report/R2-2100001.zip 
Note however, that these values presented in the above report are not requirements or specifications but were just used for the purpose of understanding the feasibility/applicability of different PDC methods. Different values may be also used in the analysis. 
In addition, RAN2 also indicated the following via R2-201087 (Liaison communication with RAN WG1):
“…It is noted that two Uu interfaces are involved in the Control-to-control scenario and one Uu interface is involved in the Smart Grid scenario. The agreed synchronicity budget per Uu interface is tabulated below:

	Scenario
	Single Uu interface Budget

	Control-to-Control
	±145ns to ±275ns

	Smart Grid
	±795ns to ±845ns



These values are determined with assumptions such that network-side synchronization for Control-to-control is based on gPTP and Smart Grid is based on GNSS. The Uu interface time synchronization budget can be interpreted as the maximum 5GS time synchronization error between the UE and the gNB-DU…”

For scenario 1:
Assumptions:
UE+DS-TT (defined as “Device” in report) error budget: +/-50 or +/- 100ns
Assuming the best PDC method also applied to scenario 1, i.e., RTT based method: +/-145 or +/-275ns for which +/-145 relates to higher device value of 100ns, and +/-275ns relates to lower UE value of 50ns.
Limited granularity of 5GS time reference information (Note: this budget in the 3GPP report was allocated to the network):  ±5ns 
Calculation:
With best PDC method: 
Error budget for X (for UE internal 50ns) = 50+275+5= +/-330ns, 
Error budget for X (for UE internal 100ns) = 100+145+5= +/-250ns.
Another way of calculating would be to take the worst UE/DS-TT error budget with worst air interface range 100+275+5= 380ns.
For scenario 2:
Same assumptions as in scenario 1.
Calculation: 
With best PDC method (2x scenario 1): 
Error budget for X (for UE internal 50ns) = +/-660ns,
Error budget for X (for UE internal 100ns) = +/-500ns.
Using the worst case UE with worst air interface range:  error budget for X = 2*380ns (scenario 1) =  +/- 760ns. This result leaves a smaller part for the network budget than the referred report assumed (240-400ns for this scenario).
2	Actions
ACTION: 	ITU-T Group 15
None. 
 

3	Dates of next TSG SA WG 2 meetings

SA2#151e		May 16-20, 2022		Electronic meeting
SA2#152e		August 17-26, 2022		Electronic meeting	
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