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[bookmark: OLE_LINK1][bookmark: OLE_LINK2]At 3GPP RAN#80 meeting, a new SI “Study on NR Industrial Internet of Things (IIoT)” was approved and updated in RAN#81[1]. In RAN2 #103bis meeting, the following agreements were made regarding 5GS and TSN integration:
Agreements for the SA2 LS reply

From RAN2 perspective: 
1 	We prefer Black Box approach and will indicate this to SA2.
2	Handling of packet arrival jitter will not be considered in performance evaluation without SA2 request. We will expect RAN1 to analyse latency and reliability.
3	SA2 and RAN3 should discuss whether any work is needed for time information delivery to the gNB.
In this contribution, we further investigate the impact of the requirements for 5GS integration in TSN networks from TR22.804 [2] and TR 23.734 [4] on RAN, assuming the above “black box” approach.
Discussion
5GS integration requirements
From TR22.804 [2] Section 8.1 we spotted the following integration requirements with potential impact on RAN:
	Reference number
	Requirements
	Use case requirement 
reference

	Nsd.Csy.1
	The 5G system shall support the processing and transmission of IEEE1588 / Precision Time Protocol messages to allow 3rd application which use this protocol to meet the clock synchronisation performance requirement.
	Factories of the Future 4.3
PMSE 2.5
PMSE 3.6

	Nsd.Eth.1
	The 5G system shall support the basic Ethernet Layer-2 bridge functions, including bridge learning and broadcast handling.
	Factories of the Future 4.1

	Nsd.Eth.2
	The 5G system shall support VLANs (IEEE 802.1Q) 
	Factories of the Future 4.2

	Nsd.Eth.3
	The 5G system shall support IEEE 802.1Qbv (time-aware scheduling.) 
	Factories of the Future 4.4

	Nsd.Eth.4
	The 5G system shall support Ethernet LAN transport services.
	Centralised Power Generation 4.13

	Nsd.Nse.7
	The 3GPP system shall support a suitable API for an authorised 3rd party to provide information about the required transmission QoS desired for different granularity of data transmitted of the 3rd application. (note) 
	Factories of the Future 17.2

	NOTE: The data granularity can be each packet or a set of packets.

	Ogr.1
	The 5G system shall support UE mesh networks with multi-hop functionality.
	Factories of the Future 8.3


We address the requirement for IEEE 1588 PTP support (Nsd.Csy.1-3) in a separate contribution [3].
From the above requirements, SA2 studied the architecture framework for 5GS integration with TSN in TR 23.734 [4]. Specifically it highlights in Section 6.6.1 that 5GS operating as stand-alone TSN network or part of a TSN network will need to support the three TSN configuration models, which are defined in IEEE P802.1Qcc/D1.6: Fully distributed model (Figure 1-up); Centralized network and distributed user model (Figure 1-bottom-left); Fully centralized model (Figure 1-bottom-right):



[bookmark: _MON_1587198493]
[bookmark: _Ref528080124]Figure 1 TSN configuration models [4]
TR 23.734 [4] Section 6.6.3 further draws the following 5GS requirements for supporting the above TSN configuration models:
The following principles need to be supported:
-	Ingress and Egress ports connecting TSN end stations or TSN Bridges to the UE;
-	Egress and Ingress ports connecting TSN end stations or TSN Bridges to the UPF;
-	TSN time synchronization needs to be guaranteed for all Ingress and Egress ports;
-	Mapping of TSN QoS requirements to 3GPP QoS requirements and vice versa;
-	Mapping of 5GS capabilities to TSN bridge capabilities and vice versa (e.g. TSN bridge Managed Objects (MO):
-	TSN bridge capabilities (e.g., bridge-related Managed Objects (MO)) and vice versa (in case of 5GS is modelled as a TSN bridge); or
-	TSN link capabilities (e.g., bandwidth, propagation delay) and vice versa (in case of 5GS is modelled as a TSN link);
-	TSN bridge self-management for fully distributed model; handling of TSN information exchange (CUC, CNC, TSN bridges, TSN end stations) according to the TSN models;
-	Support of TSN protocols and functionality (e.g. FRER, SRP, MSRP, LLDP, FQTSS, etc.) as defined in IEEE 802.1 family for TSN.
Specifically, from the above requirements, one novelty is that the UE is no longer the termination point of a network but can be the entry point of a TSN link. This raises the need for a new interface in the 5GS, N60 (see Figure 2):
N60:	New reference point between UE and non-3GPP devices connected to the UE for URTSC specific requirements (e.g. time synchronization, user plane impacts, etc.).
Observation 1: The UE is no longer the termination point (N60) of a network but can be the entry point of a TSN link, thus creating a new reference point between UE and non-3GPP devices.
[bookmark: _Ref528858102]Architecture options
From the multiple architecture options studied in TR 23.734 [4], the most appealing one (as also confirmed by RAN2 in meeting #103bis) is denoted “5GS appearing as a TSN bridge (black box) for integration with TSN”, referred to as Solution#8 (Section 6.8)[footnoteRef:1]. With this architecture, 5GS is modeled as a TSN bridge as depicted in Figure 6.8-1 of [4] and copied below: [1:  Note [4] also initially presented a “solution #9 Adapted TSN framework” with very similar architecture but which was finally merged with solution #8.] 



[bookmark: _Ref528839745]Figure 2 Example for system architecture view with 5GS appearing as TSN bridge [4]
Such approach is attractive for its simplicity and minimum impact on existing 3GPP nodes and interfaces, but relies on the (new) “translator” function which is an adaptation layer between the 5GS and the TSN in both the UE and CN. Quoting [4], “It is necessary to provide TSN-related information exchange between the UE Translator and the Network Translator. TSN related information may include, e.g. TSN configuration information, TSN time schedules for ingress and egress ports, time synchronization”. Therefore it would make sense that at least part of this function is specified in 3GPP.
Observation 2: The black box model defines a new function (“translator”) which is an adaptation layer) abstracting the 5GS from the TSN. 
Deployment examples
It is interesting to see how the black box model enables deploying NR in typical applications described in [2], and to understand the translators’ role.
Example 1: Wireless switch
The device example we take here is a TSN bridge implementing an Ethernet switch. As a regular switch, the device switches packets across the various ports at the device interfaces according to their destination MAC address and implements all other Ethernet features (VLAN-based QoS, etc). The only difference with a regular switch is that the Ethernet ports are distributed on both sides of a wireless link – aka 5GS. Such device model is depicted in Figure 3-left. Now for the implementation, as shown in Figure 3-right, with the black box model the wireless connection of the switch can be abstracted by a single PDU session where the switching function is implemented by the translators:
· On the ingress side, the Ethernet switch routes the frames destined to the ports on the same side of the wireless link as a regular switch, and other frames to the translator. The translator inspects the Ethernet frames and based on their destination MAC address, VLAN tag and possibly Ethertype (e.g. to extract high priority frames from a given flow such as 1588 PTP or Ethernet OAM frames) assigns each frame to a 5GI QoS attribute and associated QoS flow. Such flow enters the 5GS on the UPF from the N6 interface on the CN side and on the SDAP layer from the N60 interface on the UE side.
· On the egress side, the 5GS handovers the Ethernet frames to the translator which routes the frames to their egress port(s). 
Observation 3: The translator function can do the mapping between Ethernet QoS attributes and 5QI and map Ethernet packets onto 5GS flows. 
Observation 4: The translator function can detect and extract specific frames (e.g. IEEE 1588 frames) from a VLAN flow to map them on a specific URLLC 5QI flow. 

[bookmark: _Ref528847142]Figure 3 Wireless TSN switch: model (left); 5GS-based implementation (right)
Example 2: TSN bridge insertion
This example is to address another recurring requirement in [2] for 5GS/TSN integration which is (e.g. Section 5.3.1.2): The 5G system has to support a seamless integration into the existing (primarily wire-bound) connectivity infrastructure. For example, the 5G shall allow to flexibly combine the 5G system with other (wire-bound) technologies in the same machine or production line.
As shown in Figure 5, such insertion can be easily handled by connecting – via the translator function - both ends of a PDU session to an existing wired Ethernet ring or mesh (Req Ogr.1) network. 



[bookmark: _Ref528851108]Figure 5: Wireless TSN bridge insertion
Summary
From the discussion in the above sections, it appears that most 5GS/TSN integration requirements can be addressed by the translator functionality of the black box model. Table 1 summarizes this.
Note that, as mentioned in Section 2.2, it is unclear yet how much of the translator functionality needs to be standardized, however we assume that at least part of it would be defined in SA2, which is why SA2 is tagged as responsible WG for the translator in the below Table.
[bookmark: _Ref528855777]Table 1: Mapping of 5GS/TSN requirements onto 5GS functions and related working groups
	Reference number
	Requirements
	Function/WG

	Nsd.Csy.1
	The 5G system shall support the processing and transmission of IEEE1588 / Precision Time Protocol messages to allow 3rd application which use this protocol to meet the clock synchronisation performance requirement.
	Translator/SA2
RRC/RAN2
PHY/RAN1 (1)

	Nsd.Eth.1
	The 5G system shall support the basic Ethernet Layer-2 bridge functions, including bridge learning and broadcast handling.
	Translator/SA2

	Nsd.Eth.2
	The 5G system shall support VLANs (IEEE 802.1Q) 
	Translator/SA2

	Nsd.Eth.3
	The 5G system shall support IEEE 802.1Qbv (time-aware scheduling.) 
	Translator/SA2
MAC/RAN2
PHY/RAN1 (2)

	Nsd.Eth.4
	The 5G system shall support Ethernet LAN transport services.
	Translator/SA2

	Nsd.Nse.7
	The 3GPP system shall support a suitable API for an authorised 3rd party to provide information about the required transmission QoS desired for different granularity of data transmitted of the 3rd application. (note) 
	Translator/SA2

	NOTE: The data granularity can be each packet or a set of packets.

	Ogr.1
	The 5G system shall support UE mesh networks with multi-hop functionality.
	Translator/SA2


(1) In [3] we show how the IEEE 1588 protocol can be fully addressed by the translators, as long as the RAN can guarantee <1us synchronization between UE and RAN.
(2) IEEE 802.1Qbv (time-aware scheduling) will have impact on both L1 and L2 to provide the necessary flexibility to allow mapping time-slot based centralized scheduling onto the 5GS physical resources. We briefly address this in [5].
Proposal: Except for the support of IEEE 1588 and 802.1Qbv, all 5GS/TSN integration requirements can be handled outside the RAN (in the new translator function of the black box architecture model).
Conclusion
This contribution discussed the RAN impact of supporting the requirements for 5GS integration in TSN networks from TR22.804 [2] and TR 23.734 [4], showing that most can be handled by the (new) translator function of the “black box” model. The resulting observations and proposals are as follows:
Observation 1: The UE is no longer the termination point (N60) of a network but can be the entry point of a TSN link, thus creating a new reference point between UE and non-3GPP devices.
Observation 2: The black box model defines a new function (“translator”) which is an adaptation layer) abstracting the 5GS from the TSN. 
Observation 3: The translator function can do the mapping between Ethernet QoS attributes and 5QI and map Ethernet packets onto 5GS flows. 
Observation 4: The translator function can detect and extract specific frames (e.g. IEEE 1588 frames) from a VLAN flow to map them on a specific URLLC 5QI flow. 
Proposal: Except for the support of IEEE 1588 and 802.1Qbv, all 5GS/TSN integration requirements can be handled outside the RAN (in the new translator function of the black box architecture model).
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