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1. Background
A new study item led by RAN WG2 and supported by RAN WG1/3 has started for Industrial IoT [1], including the following objective:

	Time Sensitive Networking related enhancements:

a) Accurate reference timing: Delivery & related process (e.g. SIB delivery or RRC delivery to UEs, Multiple Transmission points) (RAN2/RAN3/RAN1)

b) Enhancements (e.g. for scheduling) to satisfy QoS for wireless Ethernet when using TSN traffic patterns as specified in TR 22.804 (RAN2/RAN1). Note: RAN2 to start the work, RAN1 to take action based on RAN2 progress.

c) Ethernet header compression (RAN2):

i) Analysis of the benefits and the scenario (e.g. what are the formats and size of Ethernet frame to be considered, are VLAN fields included, protocol termination etc.). 

ii) Definition of the requirements for a new header compression.

d) Performance evaluation of TSN requirements as captured in TR 22.804 clause 8.1 (RAN2/RAN1/RAN3)

NOTE: This task is related to TSN specific requirements, which are not evaluated as part of “Study on physical layer enhancements for NR ultra-reliable and low latency case”. It is not intended to discuss/agree additional simulation assumptions for this case. 

Note: RAN2 to start the work, RAN1 to take action based on RAN2 progress


For architectural impacts of Time-Sensitive Networking, SA WG2 has already started work on use cases for Verticals (SP-180507) and created TR 23.734 to capture open issues and solution options. As part of this work, SA2 sent an LS (S2-189051) to RAN groups, where some RAN2 input is requested to progress the SA2 work.

	SA2 has started its "Study on 5GS Enhanced support of Vertical and LAN Services". One of the important requirements that has been identified so far in SA1 TR 22.804 and TR 22.821 and documented as key issue in TR 23.734 (key issue #3) is support for some form of interworking with Time Sensitive Networking (TSN). SA2 is assessing what is the appropriate level for TSN adaptation or integration needed in 5G System and whether common time synchronisation, management, configuration and scheduling needs to be supported between the factory hosted TSN network and the 5G System.

In order to do that SA2 would like first to confirm with RAN1, RAN2 and RAN3 whether the (currently tentative) KPIs defined in TR 22.804 clause 8.1 require support for TSN based stream reservation and scheduling with integration with external "factory" TSN sub-net or existing 3GPP defined synchronisation, prioritisation and scheduling mechanisms, potentially with some enhancements within RAN (and 5GS internal interfaces), can fulfil the same performance. In the latter case, the (potentially enhanced) 5G System can be treated as "black box" for TSN adaptation.
To RAN1, RAN2, RAN3

ACTION: 
SA2 would like to ask RAN1, RAN2 and RAN3 whether using the existing 3GPP defined synchronisation, prioritisation and scheduling mechanisms, potentially with some enhancements within RAN, can fulfil the performance requirements defined in clause 8.1 of TR 22.804.


In this discussion paper, we discuss areas affecting RAN3 and propose a response to SA2 LS keeping in mind aspects (a), (b) and (c) from the quited TSN objectives.

2. Discussion

IEEE Time Sensitive Networking (TSN) Task Group is developing the TSN set of standards, whose goal is to provide deterministic services through IEEE 802 networks. TSN provides functionalities that are needed in order to support services with stringent requirements on latency, jitter and error rate.

The Time-Sensitive Networking (TSN) framework establishes a set of specifications to meet the strict performance requirements of high performance manufacturing. The entire list of specifications is quite extensive and an overview for most can be found in [1] and [2].   

In SA1 Technical Reports though only, the following TSN features are referenced:

· Clock synchronization among all Ethernet nodes (IEEE 802.1AS, which leverages Precision-Time-Protocol PTP defined by IEEE 1588)

· Time-aware scheduling for hard real-time (RT) traffic (IEEE 802.1Qbv, integrated into IEEEE 802.1Q-2014)

2.1 Discussion on time synchronization aspect
SA1 TR 22.804 describes a requirement for synchronization of all automation endpoints, in order for the endpoints to coordinate sensing and actuation procedures at a common sampling point, with alignment of the order of 1 microsecond. Refer to bullet 4, Section 5.3.2.3 of 22.804 for a description of the use case.

With TSN, syncronizaiton is performed by 802.1AS/gPTP messages where each automation endpoint acts as an 802.1AS client, and a TSN Master Clock that generates the 802.1AS messages. For automation systems operating over a wireless interface, there are two options for the deliver of precise timing information to the UE.

Option 1 (transparent 802.1AS messages to UE): Transport of 802.1AS messages over the 5G system to convey timing to the UE. In this option, the 5G system appears as a 802.1AS compliant entity that allows northbound and soutbhould nodes to use 802.1AS standardized signalling to exchange time information.

Option 1 has the challenge that 802.1AS messages have to be transported via the 5G system with predictable latency (as is done via wired 802.1AS compliant nodes currently). This may be difficult for wireless systems due to the variability of latency over a wireless link.

Option 2 (5G time signalling to UE): Conveying timing to the UE via 5G specific signalling, e.g. via 5G broadcast/frame structure. In this option, the 5G RAN utilizes its fine-frame structure (e.g. at PHY symbol level) to convey precise timing to the UE. The 5G RAN receives the TSN timing information via direct connectivity with the TSN master clock, e.g. by having an embedded TSN client within the gNB (this option does not use UE specific 802.1AS messages).

From air-interface perspective, time synchronization via the radio frame structure has been studied in the context of LTE HRLLC, where the latest RAN2 endorsed CR (R2-1813301) defines signalling for the eNB to deliver timing to the UE with granularity as low as 0.25 microseconds. The clock which is used to derive this timing can either be universal (UTC) or local (localClock). For TSN integration in NR, a similar solution as HRLLC would be a reasonable starting point. In addition to localClock, new clock types for TSN could be added if necessary. This leads to the following architecture.
Note that RAN2 has not considered methods for delivering the timing information from the master clock to the gNB, and this would be one of the areas for further discussion in RAN3.


[image: image1.emf]TSN System

5G Core

5G gNB

5G gNB

5G UE

Wireless 

link

Gramdmaster

Clock

5G air interface 

time information

Local 

Clock

Uu

N1

N2/N3

TSN Link


Figure 1: Time synchronization for UE with 5G signalling (Option 2)
Proposal 1.1: Given the complexities of transparent delivery of 802.1AS timing messages between TSN clock and UE via 5G (option 1 for timing) RAN3 should wait for further progress in RAN2/SA2 regarding the feasibility of timing solutions based on transparent delivery.

Proposal 1.2: RAN3 should study the 5G signlaing of timing to UE, focusing on synchronization of gNB timing with TSN clock. RAN3 should conslider whether this can be left to implementation or new functionality/interfaces at gNB should be added.
2.2 Discussion System enhancements to support TSN
Time-aware scheduling in 802.1Qbv creates packet delivery schedules where certain flows are prioritized. These schedules take the form of specific time intervals (specified w.r.t. a global time) where packets of a certain flow take priority.  The overall framework involves prescribed behaviors at individual 802.1 bridges. Bridges in the TSN network are configured in a centralised manner and resources reservation is performed in all the intermediate 802.1 bridges.

5G system overall adopts a QoS framework where applications request QoS properties that the 5G system then meets using 5G framework such as GBR, 5QI.

When integrating TSN interworking with 5G, two broad options are possible.

Option 1 (Adapted TSN framework): In this option, the 5G system receives TSN related reservation requests  using the well-established 5G QoS framework. The 5G system then uses 5G internal signalling to satisfy the TSN reservation request. 
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Figure 3: 5G System interworking with TSN adaptations
A simple way to describe this approach is that 5G System is considered a black box from the TSN viewpoint. This approach would be easier to the traditional handling of QoS inside the 3GPP system and there is no need for any of the 3GPP network nodes to support TSN protocols and procedures. 

Note that under this option the 5G system may use TSN internally, e.g. for the link layer for the N2 interface or for the fronthaul interface between CU and DU, but these TSN functions do not interwork with TSN nodes outside the 5G system. Such link layer use of TSN is typically outside the scope of 3GPP specifications.

Option 2 (Integrated TSN framework): In this option, indivual nodes of the 5G system (e.g. UPF, gNB) interact with TSN procedures initiated by TSN end-points and TSN controllers. This allows the 5G system and associated infrastructure to present itself as multiple TSN-compatible end-points. Adopting the Integrated TSN approach will involve more extensive specification work,and should be considered if the adapted TSN approach is found to have significant difficulties.
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Figure 4: 5G System interworking with TSN integration
Before making a decision on adapted vs integrated TSN approaches, SA2 has requested RAN WGs to respond to the feasibility of meeting performance requirements via the adapated approach. If that is not possible, SA2 will consider the integrated TSN approach.

From RAN3 perspective, we propose that RAN2 and RAN1 should take the lead on performance requirements assessments. 

Proposal 2: RAN2 and RAN1 should take the lead on performance requirements assessment for TSN.

3. Conclusions

The following proposals were made

Proposal 1.1: Given the complexities of transparent delivery of 802.1AS timing messages between TSN clock and UE via 5G (option 1 for timing) RAN3 should wait for further progress in RAN2/SA2 regarding the feasibility of timing solutions based on transparent delivery.

Proposal 1.2: RAN3 should study the 5G signaling of timing to UE, focusing on synchronization of gNB timing with TSN clock. RAN3 should conslider whether this can be left to implementation or new functionality/interfaces at gNB should be added.

Proposal 2: RAN2 and RAN1 should take the lead on performance requirements assessment for TSN.
4. Replying to SA2 LS

It is proposed to reply to the SA2 LS with the following points.

- Regarding timing synchronization, RAN3 will study technhiques for synchronization of the gNB with external clocks.

- Regarding TSN performance feasibility (aspects not related to time-synchronization) with existing 5G architecture, RAN3 will wait for developments in RAN2 and RAN1.
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