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Introduction
In RAN#81 the revised study item on NR Industrial Internet of Things (NR-IIoT, [1]) has been approved. The objectives of the study include the performance evaluation of TSN requirements as captured in TR 22.804 clause 8.1 [2], which is also requested in the LS from SA2 [3] with the following action:
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 contribution, we analyse those TSN performance requirements and provide an initial evaluation. 
[bookmark: _Ref178064866]Discussion
TR 22.804 clause 8.1 [2] lists potential network service performance requirements for a 5G network supporting TSN. It should be noted that SA1 is currently working on down-selecting from those requirements the mandatory requirements for the 5G system (see WI on cyberCAV, [4]), i.e. attempting a conclusive evaluation whether RAN can fulfil all those requirements may be premature.
In the following we will analyse those potential requirements from a RAN perspective. 
Periodic deterministic communication
For periodic deterministic communication, e.g. providing a deterministic latency when transmitting periodic traffic, which is seen typical in the TSN domain, the most stringent requirements have been defined for the Factory of the Future scenario with the use-case of motion control and control to control use cases. The requirements are:
· Service availability: 99,9999% to 99,999999% where service availability relates to the up-time of a service considering also a survival time of packets received out of the latency bound, i.e. the metric is less strict then a metric of packet error rate (packets too late).
· Transfer interval 0.5ms to 2ms, with E2E latency target value smaller than the transfer interval
· Message size of 20 to 50 byte
For those requirements, RAN1 evaluations are required, which should also consider the enhancements currently being worked on in eURLLC. Based on insights from such RAN1 analysis, RAN2 can analysis higher layer features such as PDCP duplication in addition. A conclusive response on whether these requirements can be fulfilled is therefore not yet possible. 
[bookmark: _Toc525573358][bookmark: _Toc525573720][bookmark: _Toc525736379][bookmark: _Toc525833388]Evaluation of achievable latency and reliability is done by RAN1.
The requirements are stemming from three different dimensions: reliability, latency, resource efficiency. While it is obvious that some of the requirements listed are fulfillable by current NR system, it requires further studies how those requirements can be fulfilled simultaneously. One objective of the study is therefore the evaluation and improvement of resource efficiency leading to higher system capacity when fulfilling the reliability/latency targets of the services. RAN working groups should also work on different scenarios e.g. for deployment, in which the requirements should be reached. It is noteworthy that the use-cases listed in [2] cover a broad range and may require entirely different deployments such as local or large scale, which also affects e.g. frequency carrier selection and hence numerology choice, which in turn impacts the achievable latency. Therefore, for evaluation of the requirements, RAN2 should work on scenarios and use-cases as well.
[bookmark: _Toc525573359][bookmark: _Toc525573721][bookmark: _Toc525736380][bookmark: _Toc525833389]Scenarios and use-cases should be considered within RAN2 SI for the performance evaluation.
It becomes obvious however, that very high availabilities of the service are targeted, for which solutions such as multi-connectivity and PDCP duplication are required. By using different carriers, transmissions can be considered rather independent i.e. fully redundant which provides a significant reliability gain when duplicating over both carriers. On the other hand, duplicate transmission are costly, and can especially when larger message sizes are to be transmitted robustly per service (Section 8.1.2 in [2] lists ranges from 20 to 200byte), be considered limiting for the system capacity, i.e. how many of those services can be simultaneously served. Therefore, it is of high importance to study and improve the resource efficiency of multi-connectivity solutions such as PDCP duplication. On network side for the DC case, inter-node signalling may be required, for which RAN3 should drive corresponding investigations.
[bookmark: _Toc525573360][bookmark: _Toc525573722][bookmark: _Toc525736381][bookmark: _Toc525833390]It is important to study and improve resource efficiency of PDCP duplication for provisioning of high reliability and high capacity. 
[bookmark: _Toc525573723][bookmark: _Toc525736382][bookmark: _Toc525833391]Inter-node signalling for PDCP duplication efficiency enhancements may be studied by RAN3
Furthermore, NR-IIoT SID targets also in particular enhancements for periodic TSN traffic, which may improve the capacity of supporting those service types. One particular feature to be studied for supporting cyclic traffic is configured UL grants. While evaluation of the benefit of those enhancements should be constantly monitored during the SI, at this point in time, no response on requirement fulfilment for those use-cases can be provided to SA2.
[bookmark: _Toc525573361][bookmark: _Toc525573724][bookmark: _Toc525736383][bookmark: _Toc525833392]NR-IIoT SI considers in particular enhancements to support periodic deterministic traffic.
A-periodic deterministic communication
Beside typical TSN periodic traffic, also a-periodic deterministic traffic is required to be supported, which can be e.g. alarm-type signals that must be transmitted within a given latency bound, but only occur sporadically. While these traffic types could be served by same means as periodic traffic types, more resource efficient schemes that rely e.g. on scheduling request instead of pre-scheduling resources are to be considered. As indicated in Observation 1, also in area RAN1 evaluations of achievable latency and reliability are required.
The most stringent requirement defined for a-periodic deterministic communication is defined for 99.9999% service availability of <1ms E2E latency for bit rates of 150kbit/s to 4.61Mbit/s. It is noteworthy that the use-case is live audio streaming. In this specific case, it is questionable how very robust transmissions could be achieved with such as high bitrate. 
[bookmark: _Toc525573362][bookmark: _Toc525573725][bookmark: _Toc525736384][bookmark: _Toc525833393]For a-periodic deterministic traffic, it is unclear to which extent ultra-robust transmissions can be achieved for high service bitrates in order of Mbit/s.
Different other uses cases from the industrial domain come with less stringent requirements in terms of latency, and thus are easier to be handled with more resource efficient scheduling-request based access schemes, and their bitrate requirements appear moderate.
Non-deterministic communication
Non-deterministic communication can also be regarded as mobile broadband communication with high service bitrates and tolerance for retransmissions/delays. This traffic type is not targeted to be studied within the NR-IIoT SI but should be considered when considering mixed traffic scenarios where this traffic may occur in a system where also deterministic communication is required.
[bookmark: _Toc525573363][bookmark: _Toc525573726][bookmark: _Toc525736385][bookmark: _Toc525833394]Enhancements for non-deterministic communication are not part of the NR-IIoT SI.
Mixed traffic
Mixed traffic requirements are also listed in [2]. Generally, considering e.g. a factory automation scenario, a mixed traffic type is expected, e.g. by different devices such as industrial control actors/sensors but also different other devices i.e. for mobile broadband services, and also by mixed traffic from within the same device, such as a UE serving actors/sensors of an industrial machine that may have different traffic patterns but also e.g. sporadically need mobile broadband service for e.g. software updates. 
Both intra-UE and inter-UE prioritization/multiplexing enhancements for those mixed traffic scenarios are already considered in NR-IIoT and eURLLC SID..
[bookmark: _Toc525573364][bookmark: _Toc525573727][bookmark: _Toc525736386][bookmark: _Toc525833395]Support of mixed traffic is studied as part of NR-IIoT SI for intra-UE multiplexing and eURLLC for inter-UE multiplexing.
Clock Synchronization requirements
To support clock synchronization, the NR-IIoT SID specifies to study solutions for accurate reference time provisioning in NR, e.g. based on SIB/RRC signalling. Therefore, the Rel-15 LTE solution can be used as a baseline. 
The performance requirements listed in [2] relate to local (e.g. 100m2) factory automation scenario, as well as wide-range deployment scenario. To fulfil the requirement for the large count of devices envisaged in the requirement in [2], broadcasting e.g. by SIB signalling, seems to be the most efficient solution. The synchronicity requirements seem feasible to be supported for the respective service area assumption, i.e. <1us for local deployment and <10us for wide area deployment, assuming the NR solution is based on the LTE solution and considering typical multipath delays within those areas. A detailed evaluation of the accuracy that can be provided should also be part of this study.
[bookmark: _Toc525573365][bookmark: _Toc525573728][bookmark: _Toc525736387][bookmark: _Toc525833396]To fulfil the clock synchronization requirement, RAN2 develops solutions for accurate reference time provisioning as part of the NR-IIoT SI.
Positioning Service Performance Requirement
Positioning services performance requirements as also listed in [2] are not part of the LS, i.e. not relevant here.
Conclusion
We made the following observations:
Observation 1	Evaluation of achievable latency and reliability is done by RAN1.
Observation 2	Scenarios and use-cases should be considered within RAN2 SI for the performance evaluation.
Observation 3	It is important to study and improve resource efficiency of PDCP duplication for provisioning of high reliability and high capacity.
Observation 4	Inter-node signalling for PDCP duplication efficiency enhancements may be studied by RAN3
Observation 5	NR-IIoT SI considers in particular enhancements to support periodic deterministic traffic.
Observation 6	For a-periodic deterministic traffic, it is unclear to which extent ultra-robust transmissions can be achieved for high service bitrates in order of Mbit/s.
Observation 7	Enhancements for non-deterministic communication are not part of the NR-IIoT SI.
Observation 8	Support of mixed traffic is studied as part of NR-IIoT SI for intra-UE multiplexing and eURLLC for inter-UE multiplexing.
Observation 9	To fulfil the clock synchronization requirement, RAN2 develops solutions for accurate reference time provisioning as part of the NR-IIoT SI..

Based on the observations above, we conclude with the following proposal to respond to the LS:
The SI on NR-IIoT considers the evaluation of the performance requirements in TR 22.804 as part of its study of enhancements for TSN and will be provided to SA2 when available. 
The evaluation is split among RAN working groups as follows:
- RAN1: latency and reliability aspects, as well as PHY aspects of intra/inter UE multiplexing;
- RAN2: scheduling for cyclic traffic, MAC aspects of intra/inter UE multiplexing, multi-connectivity/PDCP duplication for high reliability, time reference provisioning for clock synchronization;
- RAN3: inter-node signalling for efficient PDCP duplication. 

A draft LS reply reflecting the proposals above is provided in [5].
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