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1.
Introduction

In the WI on NR IIoT, the scheduling enhancement to satisfy QoS for TSC traffic is considered as one objective in R16 [1]. In this contribution, we discuss the requirement of QoS for relevant use cases, and provide our views on the potential LCP restriction enhancement to satisfy the requirements. 
2. Discussion
According to the IIoT WID [1], the following use cases need to be considered:
· New Release 16 use cases with higher requirements

· Factory automation

· Transport Industry

· Electrical Power Distribution
It is beneficial to understand the requirements of the use cases, based on which, we can check whether the current scheduling mechanism can satisfy the QoS requirement or not. 
2.1
Review of QoS characteristics of the new use cases
As the starting point, we first look at the R15 specification on the standardized QoS characteristics and extract some typical services which is summarized in the following table 1 from SA2 TS 23.501 [2]. 
Table 1. Standardized 5QI to QoS characteristics mapping related to use cases of IIoT
	5QI

Value
	Resource Type
	Default Priority Level
	Packet Delay Budget
	Packet Error

Rate 
	Default Maximum Data Burst Volume
(NOTE 2)
	Default

Averaging Window
	Example Services

	83
	
	22
	10 ms
(NOTE 4)
	10-4
	1358 bytes

(NOTE 3)
	2000 ms
	Discrete Automation (see TS 22.261 [2])

	84
	
	24
	30 ms

(NOTE 6)
	10-5
	1354 bytes
	2000 ms
	Intelligent transport systems (see TS 22.261 [2])

	85
	
	21
	5 ms

(NOTE 5)
	10-5
	255 bytes
	2000 ms
	Electricity Distribution- high voltage (see TS 22.261 [2])


As discussed in the previous RAN2 meetings on the evaluation of IIoT, 0.5ms and 99.999999% can be regarded as the most stringent requirements for the IIoT traffic, as specified in TS 22.104 [3]. Therefore, the new use cases put even higher requirements in terms of the packet delay budget and packet error rate, which is a challenge to the uplink scheduling in NR. 
Observation 1: NR IIoT brings higher requirements in terms of packet delay budget and packet error rate, which is another new challenge to NR scheduling mechanism.
According to the definition of message size used in TS 22.104 as follows, the size of the user data packet delivered from the application to the 5GS can vary from time to time. Regardless of Ethernet header compression, the total size of compressed IP/Non-IP packet can be different due to varying payload content. 
Message size

The user data length indicates the (maximum) size of the user data packet delivered from the application to the ingress of the communication system and from the egress of the communication system to the application. For periodic communication this parameter can be used for calculating the requested user-experienced data rate. If this parameter is not provided, the default is the maximum value supported by the PDU type (e.g. Ethernet PDU: maximum frame length is 1522 octets, IP PDU: maximum packet length is 65 535 octets). 

Observation 2: The actual size of the user data packet delivered from the application for transmission can vary with time. 
2.2
Potential scheduling enhancement

To ensure the reliable transmission, PHY enhancement is introduced in R15 by differentiating the different types of resources for transmission in order to match the different service requirements, e.g. higher target BLER CQI and MCS table for URLLC service. How to enable the URLLC service on the suitable transmission resource was discussed and was decided to handle it in R16 [4]. It is common understanding that simultaneous transmission of eMBB and URLLC per UE needs to be enabled through intra-UE multiplexing/prioritization. From the MAC layer perspective, we see some benefits to match the TSC traffic to the resource with higher reliability in case of intra-UE multiplexing of eMBB and URLLC. Otherwise, TSC traffic with higher priority will be always accommodated into the MAC PDU by the current LCP procedure, and may be delivered in a UL-SCH resource which could be less robust.
The selection of suitable MCS, transmission repetition, indicated with RNTI, shall be added in LCP procedure.  

Proposal 1:  RNTI based MCS table/ Repetition selection shall be added to LCP restrictions to enable TSC traffic to be transmitted on robust resources.
Multiple active configured grant configuration for a given BWP has been agreed in R16 in support of at least different service/traffic pattern. According to adopted use cases for TSN as shown in Table 2 in [5], we can see that different periodic service has different periodicities, e.g. 0.5 ms, 1ms and 2ms and different packet size, which indicate that multiple active configured grant configurations can be configured with different periods in order to adapt to different services. However, current LCP restrictions are unable to select the suitable logical channel(s) to be accommodated for a given configured grant, configuredGrantType1Allowed cannot work with multiple configurations. Due to lack of association with the CG, one TSC traffic with higher priority will always pre-empt an available CG resource, which will result in an additional jitter and/or resource inefficiency. Therefore, it is beneficial to consider the different configured grant configurations, e.g. different periodicity/TBS into the LCP restriction. 
Table 2 Use cases and requirements considered for TSN requirements evaluation

	Case
	#UE
	Communications service availability
	Transmit period
	Allowed E2E latency
	Survival time
	Packet size
	Service area
	Traffic periodicity
	Use case

	I
	20
	99,9999% to 99,999999%
	0.5 ms
	≤ Transmit period
	Transmit period
	50 bytes
	15 m x 15 m x 3 m
	Periodic
	Motion control and control-to-control use cases

	II
	50
	99,9999% to 99,999999%
	1 ms
	≤ Transmit period
	Transmit period
	40 bytes
	10 m x 5 m x 3 m
	Periodic
	Motion control and control-to-control use cases

	III
	100
	99,9999% to 99,999999%
	2 ms
	≤ Transmit period
	Transmit period
	20 bytes
	100 m x 100 m x 30 m
	Periodic
	Motion control and control-to-control use cases


Proposal 2: The CG configurations shall be added to LCP restrictions in order to select a suitable CG for a TSC traffic in terms of, e.g. periodicity/TBS. 
After determining a suitable configured grant for available TSN traffic, as discussed in the previous subsection, the actual packet size generated for transmission can vary from time to time. It can be understood that NW should assign sufficient resource for the one-shot transmission of a TSN packet without segmentation. However, as the TBS for a configured grant is semi-static after activation, it is possible that there are remaining resource after TSN traffic assembly for a “filtered” logical channel. The other logical channels shall be allowed to use the residual resources.
Proposal 3:  The LCHs that don't meet the LCP restrictions are allowed to use the residual resources of a CG. 
3. Conclusion
In this contribution, we present our views on the scheduling enhancement to the support of IIoT new use cases by investigating the QoS requirements, and have the following observation and proposals.
Observation 1: NR IIoT brings higher requirements in terms of packet delay budget and packet error rate, which is another new challenge to NR scheduling mechanism.

Observation 2: The actual size of the user data packet delivered from the application for transmission can vary with time. 
Proposal 1:  RNTI based MCS table/ Repetition selection shall be added to LCP restrictions to enable TSC traffic to be transmitted on robust resources.
Proposal 2: The CG configurations shall be added to LCP restrictions in order to select a suitable CG for a TSC traffic in terms of, e.g. periodicity/TBS. 
Proposal 3:  The LCHs that don't meet the LCP restrictions are allowed to use the residual resources of a CG. 
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