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1 Introduction

In RAN#81 meeting, the revised SID on NR Industrial Internet of Things (NR-IIoT) was approved[1]. One of the objectives of this study item is the enhancements (e.g. for scheduling) to satisfy QoS for wireless Ethernet when using TSN traffic patterns as specified in TR 22.804: 
	1) 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



Furthermore, in the WID for NR-IIoT [2], one of the objectives of this work item is to address support for TSC message periodicities with non-integer multiple of NR supported CG/SPS periodicities, as captured in TR 38.825, section 6.5.2:
	1. The detailed objectives for NR TSC-related enhancements include:

· Specify accurate reference timing delivery from gNB to UE using broadcast and unicast RRC signalling (with EUTRA Rel-15 signalling solution as baseline) for synchronization requirements defined in TS 22.104) [RAN2].

· Specify enhancements to satisfy QoS for wireless Ethernet when using TSC traffic patterns, including 

· Support of provisioning, from Core Network to RAN and between RAN nodes (e.g. upon handover), of UE’s TSC traffic pattern related information such as message periodicity, message size, message arrival time at gNB (DL) and UE (UL) [RAN3].

· Support for multiple simultaneous active semi-persistent scheduling (SPS) configurations for a given BWP of a UE. [RAN2, RAN1].

· Support for shorter SPS periodicities than the existing ones [RAN2, RAN1].

· Address support for TSC message periodicities with non-integer multiple of NR supported CG/SPS periodicities, as captured in TR 38.825, section 6.5.2. [RAN2, RAN1].

· Specify Ethernet header compression based on structure-aware algorithm [RAN2].
· Ethernet header compression solution for LTE to be specified once the design principle for NR is agreed. The impacted LTE specifications to be added latest at RAN#85.


And in RAN2#105bis meeting, it was agreed that [3]:
	Agreements:

· R2 assumes short SPS/CG periodicities and/or multiple SPS/CG configurations and/or combination thereof could be used to mitigate the periodicity misalignment between the TSN periodicity and CG/SPS periodicity. Other solutions not precluded, e.g. to address resource consumption.


In this contribution, we will discuss on periodicity misalignment between TSN traffic periodicity and CG periodicity and conclude with some proposals.
2 Discussion
The periodicity of TSN traffic depends on specific application and service and is not possible to modify it. Since the periodicity of a TSN traffic can be any rational number, some of them may be non-integer multiple of NR supported CG/SPS periodicities. Thus the traffic pattern of such TSN services couldn’t be aligned with the pattern of SPS/CG with periodicities supported in NR. In such case, the latency requirement of the TSN traffic may not be guaranteed, as there might not be resource available for some packets which can fulfil the latency requirement of the data.  
Observation 1: The periodicity misalignment between TSN periodicity and CG/SPS periodicity is not evitable and the latency requirement of the TSN traffic may not be guaranteed.
To mitigate this issue, there are several potential solutions:

Option 1:  Short SPS/CG periodicities and/or multiple SPS/CG configurations and/or combination thereof
In the last meeting, it was agreed that RAN2 assumes short SPS/CG periodicities and/or multiple SPS/CG configurations and/or combination thereof could be used to mitigate the periodicity misalignment between the TSN periodicity and CG/SPS periodicity. By this way, the latency requirement of the TSN services can be fulfilled, as there will always be resource available for the packet arrives at any time. However, there will be a lot of resource occasions at which time no packets arrive and the resources will not be used, thus will result in resource waste.
Observation 2: There would be resource consumption to mitigate the periodicity misalignment between the TSN periodicity and CG/SPS periodicity using only the existing mechanisms (i.e., short SPS/CG periodicities and/or multiple SPS/CG configurations and/or combination thereof ) .
Option 2:  SPS/CG reconfiguration

For another solution, the SPS/CG configurations can be adjusted by reconfiguration. Even though SPS/CG resource might be configured as close as possible to the TSN traffic pattern, there will be slight periodicity misalignment between TSN periodicity and CG/SPS periodicity as stated above. The misalignment will keep on accumulating and the latency of the TSN traffic will become larger and larger over time. When the misalignment is intolerant (i.e., larger than the largest latency allowed), gNB will adjust the SPS/CG configuration by reconfiguration command. However, this will result in significant signalling overhead when the reconfiguration is frequent.
Observation 3: There would be significant signalling overhead to mitigate the periodicity misalignment between the TSN periodicity and CG/SPS periodicity via SPS/CG reconfiguration.
In order to avoid the side effect of the above solutions, a solution of autonomous offset adjustment based on pre-configured criteria should be considered.
As the misalignment will accumulate and the latency of the TSN traffic will become larger over time, the SPS/CG configuration need to be adjusted when the misalignment becomes intolerant. In this solution, UE can be configured to trigger the SPS/CG configuration adjustment autonomously without receiving reconfiguration command from the network. More specifically, the UE aligns the SPS/CG resource occasion with TSN traffic arrival time or narrows the gap between them by adjusting the SPS/CG offset for the Nth and the subsequent resources, e.g., the  Nth resource can be the resource with intolerant misalignment with the traffic. 
An example is illustrated in Fig.1. In this example, the latency requirement of the TSN traffic is 0.8ms and the CG/SPS periodicity is 1ms. With a traffic periodicity of 1.7ms, the UE needs to adjust the SPS/CG offset one time every seven resources, before the latency becomes intolerant. Note that the network is also aware of the reconfiguration since the network knows the traffic periodicity via UE Assistant Information. Hence, there is no misunderstanding on the resource occasion between the UE and the network. Since no explicit signalling from the network is required to trigger the reconfiguration, the signalling overhead can be reduced. Furthermore, the aforementioned additional resource consumption by short SPS/CG periodicities and/or multiple SPS/CG configurations and/or combination thereof can be avoided.
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Fig. 1 Pre-configured criteria based autonomous offset adjustment
Proposal 1: UE should adjust the offset of the CG/SPS, to address the periodicity misalignment between the TSN periodicity and CG/SPS periodicity, based on pre-configured criteria.
3 Conclusion

In this contribution, we discuss on periodicity misalignment between TSN traffic periodicity and CG periodicity. Observations and proposals are given as follows:

Observation 1: The periodicity misalignment between TSN periodicity and CG/SPS periodicity is evitable and the latency requirement of the TSN traffic may not be guaranteed.

Observation 2: There would be resource consumption to mitigate the periodicity misalignment between the TSN periodicity and CG/SPS periodicity using only the existing mechanisms (i.e., short SPS/CG periodicities and/or multiple SPS/CG configurations and/or combination thereof ) .
Observation 3: There would be significant signalling overhead to mitigate the periodicity misalignment between the TSN periodicity and CG/SPS periodicity by SPS/CG reconfiguration.
Proposal 1: UE should adjust the offset of the CG/SPS, to address the periodicity misalignment between the TSN periodicity and CG/SPS periodicity, based on pre-configured criteria.
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