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***** FIRST CHANGES *****
[bookmark: _Toc20150059][bookmark: _Toc27846858][bookmark: _Toc36187989][bookmark: _Toc45183893][bookmark: _Toc47342735][bookmark: _Toc51769436][bookmark: _Toc59095788]5.27	Time Sensitive Communications
[bookmark: _Toc20150058][bookmark: _Toc27846857][bookmark: _Toc36187988][bookmark: _Toc45183892][bookmark: _Toc47342734][bookmark: _Toc51769435][bookmark: _Toc59095787]5.27.0	General
This clause describes 5G System features that support TSC and allow the 5G System to be integrated transparently as a bridge in an IEEE 802.1 TSN network.
During the PDU Session establishment, the UE shall request to establish a PDU Session as an always-on PDU Session, and the PDU Sessions used for TSC are established as Always-on PDU session as described in clause 5.6.13. In this release of the specification:
-	Home Routed PDU Sessions are not supported for TSC services;
-	TSC PDU Sessions are supported only with PDU Session type Ethernet and SSC mode 1;
-	Service continuity for TSC PDU Sessions is not supported when the UE moves from 5GS to EPS.
5.27.1	TSN Time Synchronization
[bookmark: _Toc20150060][bookmark: _Toc27846859][bookmark: _Toc36187990][bookmark: _Toc45183894][bookmark: _Toc47342736][bookmark: _Toc51769437][bookmark: _Toc59095789]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 Std 802.1AS [104] compliant entity according to TS 22.104 [105]. For TSN time synchronization, the entire E2E 5G system can be considered as an IEEE Std 802.1AS [104] "time-aware system". Only the TSN Translators (TTs) at the edges of the 5G system need to support the IEEE Std 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 some functions related to IEEE Std 802.1AS [104], e.g. gPTP support, timestamping, rateRatio. Figure 5.27.1-1 illustrates the 5G and TSN grandmaster (TSN GM) clock distribution model via 5GS.
[image: ]
Figure 5.27.1-1: 5G system is modelled as IEEE Std 802.1AS [104] 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 Std 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 domain 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 working domain.
[bookmark: _Toc20150061][bookmark: _Toc27846860][bookmark: _Toc36187991][bookmark: _Toc45183895][bookmark: _Toc47342737]In this Release, 5GS only supports method b) defined in IEEE 802.1AS [104] clause 10.3.1.1 for determining the grandmaster PTP Instance and the time-synchronization spanning tree.
This implies that in this release the 5GS Bridge PTP port states are assumed to be locally configured in DS-TT and NW-TT as follows:
-	For DS-TT ports the PTP port state is MasterPort for all gPTP domains.
-	When the TSN GM is external to the 5GS, for one of the NW-TT ports (per each gPTP domain) the PTP port state is SlavePort and for all other NW-TT ports of the same gPTP domain the PTP port state is either PassivePort or MasterPort (depending on implementation).
-	When the 5GS is configured as master (5G GM) for a gPTP domain for the connected networks, all NW-TT ports are in MasterPort state for that gPTP domain.
[bookmark: _Toc51769438][bookmark: _Toc59095790]5.27.1.2	Distribution of timing information
[bookmark: _Toc20150062][bookmark: _Toc27846861][bookmark: _Toc36187992][bookmark: _Toc45183896][bookmark: _Toc47342738][bookmark: _Toc51769439][bookmark: _Toc59095791]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 signalling 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.
[bookmark: _Toc20150063][bookmark: _Toc27846862][bookmark: _Toc36187993][bookmark: _Toc45183897][bookmark: _Toc47342739][bookmark: _Toc51769440][bookmark: _Toc59095792]5.27.1.2.2	Distribution of TSN grandmaster clock and time-stamping
The mechanisms for distribution of TSN GM clock and time-stamping described in this clause are according to IEEE Std 802.1AS [104].
NOTE 1:	It means Externally-observable behavior of the 5GS bridge needs to comply with IEEE Std 802.1AS [104].
Upon reception of a downlink gPTP message the NW-TT makes an ingress timestamping (TSi) for each gPTP event (Sync) message and uses the cumulative rateRatio received inside the gPTP message payload (carried within Sync message for one-step operation or Follow_up message for two-step operation) to calculate the link delay from the upstream TSN node (gPTP entity) expressed in TSN GM time as specified in IEEE Std 802.1AS [104]. NW-TT then calculates the new cumulative rateRatio (i.e. the cumulative rateRatio of the 5GS) as specified in IEEE Std 802.1AS [104] and modifies the gPTP message payload (carried within Sync message for one-step operation or Follow_up message for two-step operation) as follows:
-	Adds the link delay from the upstream TSN node in TSN GM time to the correction field.
-	Replaces the cumulative rateRatio received from the upstream TSN node with the new cumulative rateRatio.
-	Adds TSi in the Suffix field of the gPTP packet as described in Annex H.
UPF then forwards the gPTP message from TSN network to the UEs via all PDU sessions terminating in this UPF that the UEs have established to the TSN network. All gPTP messages are transmitted on a QoS Flow that complies with the residence time upper bound requirement specified in IEEE Std 802.1AS [104].
NOTE 2:	The sum of the UE-DS-TT residence time and the PDB of the QoS Flow needs to be lower than the residence time upper bound requirement for a time-aware system specified in IEEE Std 802.1AS [104].
A UE receives the gPTP messages and forwards them to the DS-TT. The DS-TT then creates egress timestamping (TSe) for the gPTP event (Sync) 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 expressed in 5GS time. The DS-TT then uses the rateRatio contained inside the gPTP message payload (carried within Sync message for one-step operation or Follow_up message for two-step operation) to convert the residence time spent within the 5GS in TSN GM time and modifies the payload of the gPTP message that it sends towards the downstream TSN node as follows:
-	Adds the calculated residence time expressed in TSN GM time to the correction field.
-	Removes Suffix field that contains TSi.
[bookmark: _Toc20150064][bookmark: _Toc27846863][bookmark: _Toc36187994][bookmark: _Toc45183898][bookmark: _Toc47342740][bookmark: _Toc51769441][bookmark: _Toc59095793]5.27.1.3	Support for multiple TSN working domains
Each TSN working 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 and forwards the gPTP messages of all domains to the UEs as specified in clause 5.27.1.2.2.
A UE receives gPTP messages and forwards them all to the DS-TT. The DS-TT receives the original TSN GM clock timing information and the corresponding TSi via gPTP messages for one or more TSN 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 are 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 clause 5.27.1.2.2 is thus repeated for each TSN working domain between a DS-TT and the NW-TT it is connected to.
NOTE 2:	If all TSN working domains can be made synchronous and the synchronization can be provided by the 5G clock, the NW-TT generates the gPTP event messages of all domains using 5G clock, the NW-TT output ports towards the connected TSN networks propagate the 5G clock via gPTP messages (i.e. the 5G system acts as an IEEE Std 802.1AS [104] compliant time-aware system and in this case is the grandmaster for all the TSN working domains). When the gPTP event messages require to be forwarded toward DS-TT, the NW-TT makes the time generating the gPTP event message as TSi and sets the cumulative rateRatio value with 1.
[bookmark: _Toc20150065][bookmark: _Toc27846864][bookmark: _Toc36187995][bookmark: _Toc45183899][bookmark: _Toc47342741]NOTE 3:	This Release of the specification supports multiple gPTP domains as defined in IEEE Std 802.1AS [104], and the TSN AF does not participate in the gPTP time synchronization process. If a 5GS TSN bridge supports stream gates and/or transmission gates as defined in IEEE Std 802.1Q [98], then they operate based on a single given gPTP domain.
[bookmark: _Toc51769442][bookmark: _Toc59095794]5.27.1a	Periodic deterministic QoS
5.27.1a.1	General
This feature allows the 5GS to support periodic deterministic communication where the traffic characteristics are known a-priori, and a schedule for transmission from the UE to a downstream node, or from the UPF to an upstream node is provided via external protocols outside the scope of 3GPP (e.g. IEEE 802.1 TSN).
The features include the following:
-	Providing TSC Assistance Information (TSCAI) that describe TSC flow traffic patterns at the gNB ingress and UE egress interfaces for traffic in downlink and uplink direction, respectively;
-	Support for hold & forward buffering mechanism (see clause 5.27.4) in DS-TT and NW-TT to de-jitter flows that have traversed the 5G System.
5.27.1a.2	Exposure for Periodic Deterministic QoS
5.27.1a.2.1	General
Exposure for Deterministic QoS allows an AF to learn about 5GS support for TSC QoS and to use knowledge of deterministic application requirements to request TSC services from the 5GS. Deterministic QoS is used to support low latency, bounded delay (not too early or too late) and enables the 5GS to exploit periodic deterministic traffic characteristics known to the AF. Exposure for Deterministic QoS is applicable for scenarios where endpoints require deterministic TSC but IEEE TSN is not deployed in the DN. It comprises the following capabilities:
- 	The AF may learn 5GS capabilities to support deterministic QoS
-	The AF may request QoS with specified requirements and supply information that can be used by the SMF to derive TSCAI for 5GS QoS flows. 
[bookmark: _Hlk63787745]For AFs that request Deterministic QoS, the QoS Reference used in AF QoS requests may be supplemented with requirements for specific parameters. When a requirement for a specific parameter is provided in the AF request, the PCF may, for the referenced QoS profile, dynamically replace default values with values that meet the specific requirement provided by the AF.
5.27.1a.2.2		AF Request for Deterministic QoS
The AF requests Deterministic QoS by providing service requirements and traffic pattern assistance parameters in the "Setting up an AF session with required QoS procedure" (see TS23.502 [3] Clause 4.15.6.6). The AF may send 5GS delay, priority, maximum TSC Burst Size and Guaranteed Flow Bit Rate service requirements and TSC Assistance information as described in clause 5.27.2.
· The AF also provides UE address, AF Identifier and a QoS reference as it does when setting up an AF session with required QoS. GPSI may be used to identify the individual UE in a manner similar to that used for AF influence on Traffic Routing (see clause 5.6.7).
-	The NEF authorizes requests received from an AF, determines the TSC QoS Information comprising a priority, maximum TSC Burst Size, delay and Maximum Flow Bitrate from the service requirements sent by the AF and sends a request for QoS to the PCF. If traffic pattern parameters were supplied by the AF the NEF request to the PCF includes the TSC Assistance Container, which is used by the PCF and SMF as described in clause 5.27.2
-	The PCF, according to PCC rule authorization, chooses a 5QI based on the QoS Reference and requested delay, Burst Size, Burst Periodicity and Maximum Flow Bit Rate information, if received from the NEF. As authorized, AF specified parameter values are used to over-ride default values for the 5QI.
5.27.1a.2.3		5GS Deterministic QoS Capability Exposure
The 5GS exposes Deterministic QoS Capability information to aid the AF in formulating a request for Deterministic QoS. 
· If support for TSC is indicated in UE 5GSM Core Network Capability (at PDU Session Establishment), the DS-TT includes UE-DS-TT Residence Time in the SM Container, which is sent to the PCF via the SMF Initiated SM Policy Association Modification procedure (see TS 23.502 [3] clause 4.16.1). 
· As described in clause 4.15.6.x of TS 23.502, the AF queries the NEF with an AF identifier and at least one UE MAC address, GPSI or IP address. The NEF finds the PCF(s) (e.g. using the BSF) and sends requests to each PCF. If TSC QoS is supported and the AF request is authorized, the PCF(s) respond to the NEF with the UE-DS-TT Residence Time (if available). Otherwise the PCF(s) response indicates the reason why the UE-DS-TT Residence Time cannot be reported. The NEF responds to the AF with 5GS delays determined by aggregating UE-DS-TT residence time received from the PCF and per QoS configured UE to UPF/NW-TT delays. For devices whose MAC address has not been detected by the UPF as a Source Address in an uplink frame, or where the IP address or GPSI is not recognized, the NEF indicates to the AF that no PDU Session could be found.

***** END OF CHANGES *****
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