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	Reason for change:
	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 needs to be delivered to Egress port so that 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 can be 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.
We can deliver the new rateRatio utilizing the suffix. However, as the Follow_Up message already includes the rateRatio field, we can 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 can 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 through 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].
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 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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It is proposed to update 23.501 5.27.1 clause by removing the following Editor’s Note according to observations 3 through 7 and to add descriptions on the UL direction according to observation 8.
· Delete E.N.:
 The support of one step and two step sync operatio 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.
Approved CR 1381rev.2 (S2-1906610) is not fully implemented in TS23.501. The blue-highlighted part is not implemetend in the TS.

< Approved CR 1381rev.2 (S2-1906610) >

5.27.1.2.2
Distribution of TSN clock and time-stamping

For the downlink, when gPTP frames from TSN working domain(s) arrive at the NW-TT, the NW-TT makes an ingress timestamping (TSi) for each gPTP event (sync) message. The TSi can be carried using existing fields of the gPTP sync or related follow-up message together with the original TSN timing information.
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.
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*************** Start of changes ***************
5.27.1
TSN Time Synchronization

5.27.1.1
General

For supporting TSN time synchronization, the 5GS is integrated with the external network as a TSN bridge as described in clauses 4.4.8 and 5.28.1. It shall be modelled as an IEEE 802.1AS [104] compliant entity according to TS 22.104 [105]. For TSN Synchronization, the entire E2E 5G system can be considered as an IEEE 802.1AS [104] "time-aware system". Only the TSN Translators (TTs) at the edges of the 5G system need to support the IEEE 802.1AS [104] operations. UE, gNB, UPF, NW-TT and DS- TTs are synchronized with the 5G GM (i.e. the 5G internal system clock) which shall serve to keep these network elements synchronized. The TTs located at the edge of 5G system fulfil all functions related to IEEE 802.1AS [104], e.g. (g)PTP support, timestamping, Best Master Clock Algorithm (BMCA), rateRatio. Figure 5.27.1-1 illustrates the 5G and TSN clock distribution model via 5GS.
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Figure 5.27.1-1: 5G system is modelled as IEEE 802.1AS compliant time aware system for supporting TSN time synchronization

Figure 5.27.1-1 depicts the two synchronizations systems considered: the 5GS synchronization and the TSN domain synchronization, as well as the Master (M) and Slave (S) ports considered when the TSN GM is located at TSN working domain.

-
5GS synchronization: Used for NG RAN synchronization. 5G RAN synchronization is specified in TS 38.331 [28].

-
TSN domain synchronization: Provides synchronization service to TSN network. This process follows IEEE 802.1AS [104].

The two synchronization processes can be considered independent from each other and the gNB only needs to be synchronized to the 5G GM clock.

To enable TSN synchronization, the 5GS calculates and adds the measured residence time between the TTs into the Correction Field (CF) of the synchronization packets of the TSN domain.

5.27.1.2
Distribution of timing information

5.27.1.2.1
Distribution of 5G internal system clock

The 5G internal system clock shall be made available to all user plane nodes in the 5G system. The UPF and NW-TT may get the 5G internal system clock via the underlying PTP compatible transport network with mechanisms outside the scope of 3GPP. The 5G internal system clock shall be made available to UE with signaling of time information related to absolute timing of radio frames as described in TS 38.331 [28]. The 5G internal system clock shall be made available to DS-TT by the UE.
5.27.1.2.2
Distribution of TSN clock and time-stamping
For the downlink, when gPTP frames from TSN working domain(s) arrive at the NW-TT, the NW-TT makes an ingress timestamping (TSi) for each gPTP event (sync) message. The TSi can be carried using existing fields of the gPTP sync or related follow-up message together with the original TSN timing information.

UPF then forwards the gPTP message to the UE via user plane (i.e. using the PDU session applicable for sending gPTP messages). Only one PDU session per UE per UPF is used for sending gPTP messages regardless of how many external TSN working domains have their clock information delivered through a given UPF serving that UE.

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.

A UE receives the gPTP messages and forwards them to the DS-TT. The DS-TT then creates egress timestamping (TSe) for the gPTP messages for external TSN working domains. The difference between TSi and TSe is considered as the calculated residence time spent within the 5G system for this gPTP message. The DS-TT modifies the gPTP messages it sends towards an end station to include the calculated residence time.
For the uplink, when gPTP frames from TSN working domain(s) arrive at the DS-TT, the DS-TT makes an ingress timestamping (TSi) for each gPTP event (sync) message. The TSi can be carried using existing fields of the gPTP sync or related follow-up message together with the original TSN timing information.
UE then forwards the gPTP message to the UPF via user plane. The UPF receives gPTP messages and forward them to the NW-TT. The NW-TT then creates egress timestamping (TSe) for the gPTP messages for external TSN working domains. The difference between TSi and TSe is considered as the calculated residence time spent within the 5G system for this gPTP message. The NW-TT modifies the gPTP messages it sends towards a TSN system to include the calculated residence time.
NOTE:
The Link Delay from the previous TSN system (gPTP entity) can be reflected in the TSi.
5.27.1.3
Support for multiple TSN working domains

Each TSN working clock domain sends its own gPTP messages. The related Ethernet frames carry the gPTP multicast Ethernet destination MAC address and the gPTP message carries a specific PTP "domainNumber" that indicates the time domain they are referring to. The NW-TT makes ingress timestamping (TSi) for the gPTP event messages of all domains.

A UE receives gPTP messages and forwards them all to the DS-TT. The DS-TT receives the original TSN clock timing information and the corresponding TSi via gPTP messages for one or more working domains. The DS-TT then makes egress timestamping (TSe) for the gPTP event messages for every external TSN working domain. Ingress and egress time stamping is based on the 5G system clock at NW-TT and DS-TT.

NOTE 1:
An end-station can select TSN timing information of interest based on the "domainNumber" in the gPTP message.

The process described in "Distribution of TSN clock and time-stamping" is thus repeated for each TSN working domain between a UE and the UPF it is connected to. When a UE is connected to multiple TSN working domains via the same UPF, then all gPTP messages from these domains are forwarded to the UE via the same PDU session.

NOTE 2:
If all TSN working domains can be made synchronous and the synchronization can be provided by the 5G clock, the TT output ports at the UPF side (NW-TT) towards the connected TSN networks propagate the 5G clock using the 802.1AS profile (i.e. the 5G system as an IEEE 802.1AS [104] compliant time-aware system).
*************** End of changes ***************
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