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Abstract of the contribution: This contribution proposes Usage of rateRatio, Information in the gPTP message Suffix, QoS for gPTP message and Information carried inside 5GS for UL synchronization. 
Discussion
At the SA2#133, the following editor’s notes regarding the TSN Time Synchronization remained in TS 23.501[1].

Editor's note:	The support of one step and two step sync operation at NW-TT output interfaces (towards TSN) is according to 802.1AS. How the information carried inside 5G system is FFS.
Editor's note:	It is FFS whether gPTP messages are forwarded on a distinct QoS Flow or other mechanism. If distinct QoS Flow is used it is FFS whether all gPTP messages are forwarded on it, or only a subset of the gPTP messages (e.g. those that carry information in the Suffix field). Usage of rateRatio is FFS.
Editor's note:	Whether other information beyond the ingress timestamp needs to be contained in the gPTP Suffix is FFS

The value of rateRatio of the received time synchronization information is equal to the ratio of the frequency of the grandmaster to the frequency of the LocalClock entity of the time-aware system at the other end of the link attached to this port, i.e., the time-aware system that sent the most recently received time-synchronization event message [2].
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Figure 1: Transport of time-synchronization information derived from [2]

At the Ingress port of the TSN system i in the Figure 1, the followings are available.
· Link Delay i-1 (in the time base of Local Clock i-1), the value achieved by peer delay mechanism [2]
· Ingress Time (in the base of Local Clock i): the timestamp value for the received Sync message
· TSN time (in the base of TSN GM Clock): preciseOriginTimestamp + (correctionField i-1) + (Link Delay i-1) * (rateRatio i-1) 
· Local time (in the base of Local Clock i): Ingress Time 
· Time Offset: TSN Time – Local Time

Observation 1. At the ingress port of the 5GS logical bridge, rateRatio in the received Follow_Up message is used for TSN time calculation like the following.
· TSN time = preciseOriginTimestamp + correctionField + Link Delay * rateRatio 
· Link Delay is in the time base of the local clock of the previous TSN system.
· rateRatio is the value in the received Follow_Up message and is the ratio of the frequency of the TSN GM clock to the frequency of the previous TSN system clock.

At the Egress port of the TSN system i in the Figure 1, the followings are available.
· TSN time (in the base of TSN GM Clock): preciseOriginTimestamp + correctionField i
· Local time (in the base of Local Clock): Egress Time (in the base of Local Clock)
· Time Offset: TSN Time – Local Time
· correctionField i (in the base of TSN GM Clock): (correctionField i-1) + (Egress Time – Ingress Time + Link Delay) * (rateRatio i)
· Link Delay: Link Delay i-1 in the time base of Local Clock i (time base conversion is done by being divided by neighborRateRatio). 

Link Delay i-1 in the time base of Local Clock i-1 shall be converted to Link Delay in the time base of Local Clock i by using neiborRateRatio at Ingress port. neighborRateRatio is the ratio of the frequency of the local clock i-1 to the frequency of local clock i, which can be calculated during the process of peer delay mechanism [2]. 
As one example, neighborRateRatio can be estimated as the ratio of the elapsed time of the LocalClock entity of the time-aware system at the other end of the link attached to this port, to the elapsed time of the LocalClock entity of this time-aware system. This ratio can be computed for the time interval between a set of received Pdelay_Resp and Pdelay_Resp_Follow_Up messages and a second set of received Pdelay_Resp and Pdelay_Resp_Follow_Up messages some number of Pdelay_Req message transmission intervals later, i.e.,
{〈correctedResponderEventTimestamp〉_N – 〈correctedResponderEventTimestamp〉_0} / {〈pdelayRespEventIngressTimestamp〉_N – 〈pdelayRespEventIngressTimestamp〉_0}
where N is the number of Pdelay_Req message transmission intervals separating the first set of received Pdelay_Resp and Pdelay_Resp_Follow_Up messages and the second set, and the successive sets of received Pdelay_Resp and Pdelay_Resp_Follow_Up messages are indexed from 0 to N with the first set indexed 0.

rateRatio i is the ratio of the frequency of the grandmaster to the frequency of the Local Clock i. This frequency ratio is computed by (a) measuring the ratio of the grandmaster frequency to the LocalClock frequency at the grandmaster time-aware system and initializing rateRatio to this value in the grandmaster node, and (b) accumulating, in each time-aware system, the frequency offset of the Local Clock entity of the time-aware system at the remote end of the link attached to that port to the frequency of the Local Clock entity of this time-aware system [2]. That is, at time aware system i, rateRatio i = rateRatio i-1 * neighborRateRatio, if time aware system i is not the grandmaster node.

Observation 2. At the egress port of the 5GS logical bridge, rateRatio in the sending Follow_Up message is used for correctionField calculation like the following.
· new correctionField = old correctionField+(Egress Time – (Ingress Time - Link Delay))*(new rateRatio)
· Egress Time, Ingress Time and Link Delay are in the time base of the 5GS clock.
· new rateRatio is the ratio of the frequency of the TSN GM clock to the frequency of 5GS clock.

Link Delay and Ingress Time is available at the Ingress port only, so they need to be delivered to Egress port for new correctionField calculation. The ingress port should delver Ingress Time (in the time base of Local Clock i) – Link Delay (in the time base of Local Clock i) to the egress port. It is called as upstreamTxTime in 802.1AS [2].
The new rateRatio is calculated at the ingress port, so it needs to be forwarded from ingress port to egress port.

Observation 3. Link Delay, Ingress Time and the new rateRatio shall be delivered from Ingress port to Egress port for new correctionField calculation.

In TS 23.501 Appendix H, it is already proposed that the ingress timestamp should be contained in the gPTP Suffix. 

TS 23.501 5.27.1.2.2 clause also has a text that the link delay may be applied to the ingress timestamp, when ingress timestamp is delivered from the ingress port to the egress port.
NOTE 1: The Link Delay from the previous TSN system (gPTP entity) can be reflected in the TSi.
In this case, the difference between TSi and TSe is considered as the calculated residence time spent within the 5G system for this gPTP message and the Link Delay from the previous TSN system (gPTP entity).

Observation 4. TS 23.501 5.27.1 clause already has a note that addresses how to deliver Link Delay and Ingress Time information inside 5G system.
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The new rateRatio may be delivered by an additional field in the suffix. However, as the Follow_Up message already includes the rateRatio field, we may reuse the field. In this case, the Follow_Up message inside the 5G system includes the following.
· preciseOriginTimestamp (in the time base of TSN GM clock)
· old correctionField  (in the time base of TSN GM clock)
· new rateRatio
· Ingress Time – Link Delay (in the time base of Local clock i)

Observation 5. The new rateRatio may be delivered inside 5GS by updating the rateRatio field in the Follow_Up message at the Ingress TT.

There are 5 kinds of messages: (1) Peer Delay Measurement messages including Pdelay_Req, Pdelay_Resp and Pdelay_Resp_Follow_Up messages, (2) Synchronization messages including Sync and Follow_Up messagess, (3) Announce messages, (4) Signalling messages and (5) Management messages.
Pdelay_Req, Pdelay_Resp and Pdelay_Resp_Follow_Up messages are delivered between peer ports, so they are not forwarded inside 5GS.
Sync messages need to be forwarded inside 5G System. The residence time of a time-aware system, measured relative to the TAI frequency, shall be less than or equal to 10 ms. TAI is International Atomic Time (from the French term Temps Atomique International) [2]. Hence, Sync messages need to be forwarded on a delay-critical GBR QoS Flow.
Follow_Up messages do not have the residence time requirements because residence time is calculated only for the Sync messages. However, the delay between a Sync message and the associated Follw_Up message at the receiver should be similar to that at the sender. It would be better to apply the same QoS to the Follow_Up messages as to the Sync messages to prevent any errors in the synchronization process.
There are no distinct QoS requirements in delivering Announce, Signalling or Management messages.

Observation 6. Sync and Follow_Up gPTP messages need to be forwarded on a delay-critical GBR QoS Flow.
Observation 7. The other types of messages need not be forwarded on a delay-critical GBR QoS Flow.

The behaviour of a TSN bridge is the same regardless of the directions. So the behaviour of the 5GS logical bridge shall be the same regardless of the directions.

Observation 8. The 5GS logical bridge behavior should be the same regardless of UL or DL direction.
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Conclusion
The followings are proposed.

Proposal 1. Update 23.501 5.27.1 clause by removing the following Editor’s Note and adding descriptions according to observations 1, 2 and 5.
· Delete E.N.: Usage of rateRatio is FFS.
· Add Descriptions: rateRatio is used for converting the residence time and link delay from local clock base to TSN GM clock base. The rateRatio may be delivered inside 5G system by updating the rateRatio field in the Follow_Up message at the Ingress TT.

Proposal 2. Update 23.501 Appendix H by removing the following Editor’s Note according to observations 3 through 5.
· Delete E.N.:	 Whether other information beyond the ingress timestamp needs to be contained in the gPTP Suffix is FFS
· Reasons: Link Delay, Ingress Time and the new rateRatio shall be delivered from Ingress TT to Egress TT for new correctionField calculation. TS 23.501 5.27.1 clause already has a note that addresses how to deliver Link Delay and Ingress Time information inside 5G system. The new rateRatio may be delivered by updating the rateRatio field in the Follow_Up message at the Ingress TT.

Proposal 3. Update 23.501 5.27.1 clause by removing the following Editor’s Note and adding descriptions according to observations 6 and 7.
· Editor's Note:	 It is FFS whether gPTP messages are forwarded on a distinct QoS Flow or other mechanism. If distinct QoS Flow is used it is FFS whether all gPTP messages are forwarded on it, or only a subset of the gPTP messages (e.g. those that carry information in the Suffix field).
· Add Descriptions: Sync and Follow_Up gPTP messages need to be forwarded on a delay-critical GBR QoS Flow. The other types of gPTP messages need not.

Proposal 4. Update 23.501 5.27.1 clause by removing the following Editor’s Note according to observations 1 through 8 and to add descriptions on the UL synchronization according to observation 8.
· Delete E.N.:	 The support of one step and two step sync operation at NW-TT output interfaces (towards TSN) is according to 802.1AS. How the information carried inside 5G system is FFS.
· Add Descriptions: For the Uplink, the procedure is similar to that for the Downlink.
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