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Abstract of the contribution: 
1. 	Discussion

This document addresses the following open issues:

	Item #
	Problem Statement
	Consequence of not fixing the problem in Rel-16

	#1
	Which entity should perform conversion of TSN QoS parameters from TSN GM to 5G GM.
	Lack of clear and interoperable solution for assistance parameter determination when different clock domains for TSN/5G system.

	#1a
	Is AF aware of the time difference between 5G time and TSN time? If there is a need for AF to know the time difference between 5G time and TSN time depends on the entity that performs the conversion.

	Impacts to decisions on #1 and #1b

	#7
	Whether 5GS bridge delays (independentDelayMax/independentDelayMin value of bridge) reported to the CNC need to be corrected based the time difference between 5G time and TSN time
	Impacts to decision on #8

	#8
	Is active latency monitoring between UE and UPF required during an ongoing PDU session, e.g. based on QoS Monitoring (GTP-U packet delay measurements) or based on gPTP timestamp measurements.    
	Necessary to know for interface description between UE and SMF, SMF and PCF, PCF and AF, and for AF functionality.

	#13
	5GS Bridge delay reporting towards AF, criteria used for determining bridge delay, also the accuracy of bridge delay i.e. Whether there is a need to convert this to TSN GM needs to be aligned also with the outcome of #1 possibly. 
	Inconsistent system behavior.



Item#13: 5GS Bridge delay reporting towards AF, criteria used for determining bridge delay, also the accuracy of bridge delay i.e. Whether there is a need to convert this to TSN GM needs to be aligned also with the outcome of #1 possibly. 
Item#7: Whether 5GS bridge delays (independentDelayMax/independentDelayMin value of bridge) reported to the CNC need to be corrected based the time difference between 5G time and TSN time?
As per current TS 23.501, the 5GS bridge delays that are reported to the CNC are calculated based on the pre-configured maximum delay per traffic class, i.e. based on the maximum latency within 5GS, and therefore do not reflect the fluctuation of the latency e.g. due to radio conditions or distance between the UPF and gNB e.g. due to cell reselection. The difference between actual latency and maximum latency can be tens of percents (e.g. the PDB can be 5ms and the actual latency may be 4 ms, i.e. 20% less than PDB). If the actual latency for a packet is less than the reported minimum delay, the 5GS is expected to buffer the packet for the remaining time so that the latency never goes below the reported minimum delay.

On the other hand, the TSN clocks and 5G clocks can be expected to be very accurate, so the clock frequency difference (as measured by cumulative rateRatio) between the 5G time and TSN time is small. Annex B.1.1 in IEEE 802.1AS-Rev requires that the fractional frequency offset of the LocalClock relative to the TAI frequency shall be within ±100 ppm. 
If the reported delay is corrected based on this cumulative rateRatio of 0.02%, the delay of 5ms in reference to 5G time could vary between 4.9995 ms – 5.0005 ms in reference to TSN time.
Observation 1: Adjusting the reported delay based on the cumulative rateRatio is not reasonable, since the same can be achieved by increasing the reported delay by a small margin and then preparing the 5GS to buffer the extra delay time. For example, using the numbers in the above example, 5GS can report the delay of 5.0005 ms instead of 5 ms, and then prepare to buffer the packets for the extra 0.0005 ms. If the 5GS had reported the time difference-corrected delay values, the buffering would still be needed for the difference of reported delay and actual minimum delay (5 ms – 4 ms = 1 ms in the above example), thus the 0.005 ms extra buffering time on top of 1 ms is easy to achieve.

Observation 2: S2-1911750 proposed a solution how the SMF adjusts the Port Management Information Container so that the buffer at the egress port can cover also the jitter inside the 5GS. The same solution can also take the save margin in the reported delay into account, when the SMF adjusts the Port Management Information Container. This solution is however not in the scope of this paper.
Proposal for Items#13 and #7: 5GS bridge delays are not corrected based on the time difference between 5G GM and TSN GM.


Item#1: Which entity should perform conversion of TSN QoS parameters from TSN GM to 5G GM. 
Item#1a: Is AF aware of the time difference between 5G time and TSN time? If there is a need for AF to know the time difference between 5G time and TSN time depends on the entity that performs the conversion.
Based on proposal for Items#13 and #7, the 5GS bridge delay does not need to be precise. However, the burst arrival time and periodicity in TSCAI needs to be precise, so that the RAN can optimize the radio resources for the bursts. In TS 23.501 the AF determines the burst arrival time and periodicity based on the IEEE parameters and populates them to the TSN QoS parameters. Either AF or SMF (or PCF) must convert the burst arrival time and periodicity to 5G time before they are sent to RAN. As per TS 23.501, within 5GC only user plane entities i.e. UPF is aware of the 5G time. Therefore only UPF is able to measure the time difference between 5G time and TSN time.  In addition, even though the clocks can be assumed to be very accurate, the clocks are not perfect in stability, i.e. the difference in clock frequency between 5G GM and TSN GM is fluctuating over the time e.g. in the range of ±0.1%. For this reason, it is required to update the TSCAI based on constant measurements of the time difference.
Observation: Since the SMF is closer to the UPF, the SMF is the most feasible entity to adjust the burst arrival time and periodicity based on the constant time difference reports from the UPF. 
Proposal for Item#1: The SMF performs the conversion of TSN QoS parameters from TSN GM to 5G GM.
Proposal for Item#1a: The AF does not need to be aware of the 5G GM nor TSN GM time.


Item#8: Is active latency monitoring between UE and UPF required during an ongoing PDU session, e.g. based on QoS Monitoring (GTP-U packet delay measurements) or based on gPTP timestamp measurements.    
Based on proposal for Item#7, the 5GS bridge delay does not need to be precise. However, the burst arrival time (and periodicity) in TSCAI needs to be precise. The burst arrival time should reflect the actual packet reception in the ingress of gNB.  If there is jitter between the gNB and the UPF for DL packets, the burst arrival time indicated to the gNB does not match with the actual reception time of the packet. For DL direction, as per current TS 23.501, the gNB can be configured for a dynamic CN-PDB e.g. based on the TEID range. If necessary, the SMF can correct the burst arrival time in TSCAI based on the UPF reports for QoS Monitoring as specified in section 5.33.3 in TS 23.501.
Proposal for Item#8: Existing mechanisms in the specification are sufficient for the SMF to correct the TSCAI due to the packet jitter inside 5GS, e.g. QoS Monitoring can be used but this can be left up to the implementation, i.e. no changes to the existing specification are required. 


2. Conclusion
Proposal for Items#13 and #7: 5GS bridge delays are not corrected based on the time difference between 5G GM and TSN GM.
Proposal for Item#1: The SMF performs the conversion of TSN QoS parameters from TSN GM to 5G GM.
[bookmark: _GoBack]Proposal for Item#1a: The AF does not need to be aware of the 5G GM nor TSN GM time.
Proposal for Item#8: Existing mechanisms in the specification are sufficient for the SMF to correct the TSCAI due to the packet jitter inside 5GS, e.g. QoS Monitoring can be used but this can be left up to the implementation, i.e. no changes to the existing specification are required. 
It is proposed to agree the corresponding changes to TS 23.501 in S2-2000073.
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