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1. Introduction

In RAN#83 meeting, WID for IIoT was agreed [1]. And objectives related to scheduling enhancement are as following

	· 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].


In this paper, scheduling enhancement target for TSN traffic is discussed in the following.
2. Discussion
TSN (Time Sensitive Network) traffic is target for factory automation, transport industry, and electrical power distribution which have very strict reliability and latency requirement. According to SA1 service requirement for IIoT in [2], the most special characteristic of TSN traffic that is different from traditional service in LTE and NR system is deterministic. Determinism refers to whether the delay between transmission of a message and receipt of the message at the destination address is stable (within bounds). Usually, communication is called deterministic if it is bounded by a given threshold for the latency/transmission time [3]. This means the packet needs to be transmitted and received in pre-defined time. For example, for motion control scenario, the following use cases require highly strict latency and jitter requirements.
Table 1 Part of service requirement for motion control [3]
	Reference number
	Requirement text

	Factories of the Future 2.1
	The 5G system shall support cyclic traffic with cycle times in the order of 1 ms for a communication group of about 50 UEs and payload sizes of about 40 byte.

	Factories of the Future 2.2
	The 5G system shall support cyclic traffic with cycle times in the order of 0,5 ms for a communication group of about 20 UEs and payload sizes of about 50 byte.

	Factories of the Future 2.3
	The 5G system shall support cyclic traffic with cycle times in the order of 2 ms for a communication group of about 100 UEs and payload sizes of about 20 byte.

	Factories of the Future 6.1
	The 5G system shall support a bidirectional, cyclic data communication service characterised by at least the following parameters (e.g., for assembly robots or milling machines):

Cycle time of Tcycle = 4 ms to 8 ms 

Jitter < 50% of cycle time
Data packet size 40 byte to 250 byte

Typical work space: 10 m x 10 m 

Parallel active safety services: max. 4 in a workspace

	Factories of the Future 6.4
	The 5G system shall support a cyclic data communication service characterised by at least the following parameters (e.g., for mobile cranes, mobile concrete pumps, fixed portal cranes, etc.):

Cycle time of  Tcycle = 12 ms 

Jitter < 50% of cycle time
Data packet size 40 byte to 250 byte

Typical work space: 40 m x 60 m

Max. workspace:  200 m x 300 m

Parallel active safety services:  2 in a workspace


Thus if we use SPS/CG for TSN deterministic traffic, configured SPS/CG pattern is better to align with TSN traffic pattern as much as possible, and to minimize unnecessary delay and jitter that was introduced by dis-aligned pattern. Otherwise, if SPS/CG pattern is not aligned with TSN traffic pattern, there will introduce additional delay for each packet, and such delay will accumulated and increased along with packet transmissions, which is shown in following figure
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Figure 1 Introduced delay because of misalignment of SPS/CG pattern and TSN traffic pattern
To eliminate such kind of delay, DCI or RRC signaling need to be frequently used to adjust the SPS/CG pattern. This will introduce additional signaling and it is just to obey the SPS/CG utilization purpose, and then may cause un-reliability issue because of PDCCH decoding. Thus we have following proposal
Proposal 1: Configured SPS/CG pattern should be aligned with TSN traffic pattern
To align SPS/CG pattern and TSN traffic pattern, at least the periodicity of SPS/CG and TSN traffic should be aligned. From service requirement for transmission interval in [2], the required transmission interval, i.e. periodicity, has varies values, as following
Table 2 Transmission interval requirements for TSN periodic deterministic traffc

	Transfer interval: target value
	100

ms
	500

μs
	1

ms
	2

ms
	< 60 s
(steady state)
≥1 ms (fault case)
	≤ 10

ms
	1 ms to 50 ms
	4 ms to 8 ms
	< 12 ms
	≥ 10

ms
	~ 50

ms
	~ 200

ms
	10 ms to 100 ms
	40 ms to 500 ms
	100 ms to 60s


On the other hand, for SPS/CG, the supported periodicities are not so flexible, and in current specification the supported periodicities are as following [4]
Table 3 supported periodicities by SPS/CG

	SPS-Config ::=                          SEQUENCE {

    periodicity                             ENUMERATED {ms10, ms20, ms32, ms40, ms64, ms80, ms128, ms160, ms320, ms640,

                                                        spare6, spare5, spare4, spare3, spare2, spare1},

	ConfiguredGrantConfig ::=           SEQUENCE {

     periodicity                         ENUMERATED {

                                                sym2, sym7, sym1x14, sym2x14, sym4x14, sym5x14, sym8x14, sym10x14, sym16x14, sym20x14, sym32x14, sym40x14, sym64x14, sym80x14, sym128x14, sym160x14, sym256x14, sym320x14, sym512x14, sym640x14, sym1024x14, sym1280x14, sym2560x14, sym5120x14, sym6, sym1x12, sym2x12, sym4x12, sym5x12, sym8x12, sym10x12, sym16x12, sym20x12, sym32x12, sym40x12, sym64x12, sym80x12, sym128x12, sym160x12, sym256x12, sym320x12, sym512x12, sym640x12, sym1280x12, sym2560x12

    }


Thus, it is obviously that current SPS/CG periodicities need to be extended to fulfill the flexibility of TSN traffic pattern. We are noticing that, besides transmission interval of determined value, there also contains the requirement of a periodicity scope, e.g. 1 to 50ms, 4 to 8ms, 10 to 100ms, 40 to 500ms, 100ms to 60s etc. Thus extending SPS/CG periodicities needs to consider this kind of periodicity scope and better to realize full flexibility for SPS/CG configuration.
Another kind of periodicity is the sub-milliseconds, that for smart grid, DTUs exchange current sampled value between each other, in 5.6.6 of [3], as the following requirement:

	Reference number
	Requirement
	Application/Transport

	Electric Power Distribution 5.1
	The 5G system shall support a peer-to-peer data communication service with cycle times in the order of 0,8 ms (note).
	A

	Electric Power Distribution 5.2
	The 5G system shall support a peer-to-peer data communication service with payload sizes of about 250 byte (note). 
	T

	Electric Power Distribution 5.3
	The 5G system shall support an end-to-end latency of less than 15 ms (note). 
	T

	Electric Power Distribution 5.4
	The 5G system shall support a peer-to-peer data communication service with a jitter of less than 50% cycle time (note).
	T

	NOTE: peer-to-peer means DTU to another DTU.


From above requirement, the cycle time is 0.8ms, and although the end-to-end latency is 15ms, there requires the jitter is less than 0.4ms. In description part it mentioned this is done in a strictly cyclic and deterministic manner. That is to say, if we using SPS/CG to transmit such kind of TSN traffic, there can have offset between SPS/CG pattern and TSN traffic pattern (which upper bound is 15ms), but the periodicity of SPS/CG should be 0.8ms. Thus the extension of SPS/CG periodicity needs also to consider this sub-milliseconds use cases.
Proposal 2: Considering both millisecond case and sub-millisecond case, enhanced SPS/CG configuration (e.g. periodicity and offset) to more finer and flexible configuration is needed. 
If sub-millisecond periodicity configuration is introduced, then one more issue is the potential collision between configured SPS/CG pattern and TDD frame structure. For example, in following figure
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Figure 2 Potential collision between SPS/CG pattern and TDD frame structure
In above example, TDD frame structure 6:2:6 is used, and the configured CG transmission has 12 symbol periodicity (~0.8ms), and with 4 symbol transmission duration. From above figure, we could see that the transmission may collide with DL symbol, and flexible symbol. In legacy NR system, if such kind of collision is occurred, the transmission duration may be delayed to next transmission opportunity. But for TSN traffic, there might have no room to delay specific transmission duration because of the strict latency and jitter requirement. We need to adjust the problematic transmission duration to avoid the collision. For example, we could use DCI signaling to adjust the offset of specific transmission duration, or adjust problematic transmission duration in time/frequency domain, or even change the BWP configuration etc. We suggest the SPS/CG enhancement topic to further study this issue.
Proposal 3: The collision problem for TDD frame structure should be studied if SPS/CG configuration is enhanced for TSN traffic pattern.
3. Conclusion

In this contribution, we discuss the scheduling enhancement which considered TSN traffic characteristics, and have following observations and proposals
Proposal 1: Configured SPS/CG pattern should be aligned with TSN traffic pattern
Proposal 2: Considering both millisecond case and sub-millisecond case, enhanced SPS/CG configuration (e.g. periodicity and offset) to more finer and flexible configuration is needed. 
Proposal 3: The collision problem for TDD frame structure should be studied if SPS/CG configuration is enhanced for TSN traffic pattern.
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