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1 Introduction

The SID of NR Industrial Internet of Things (IoT were approved in RAN#81 [1]. In which, the following objective is included:
	1) L2/L3 enhancements:

...

2) 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.

...


In RAN2 #103bis, the following agreements is approved[2]:

Agreements for the SA2 LS reply

From RAN2 perspective: 

1 
We prefer Black Box approach and will indicate this to SA2.

2
Handling of packet arrival jitter will not be considered in performance evaluation without SA2 request. We will expect RAN1 to analyse latency and reliability.

3
SA2 and RAN3 should discuss whether any work is needed for time information delivery to the gNB.

In this contribution, we will discuss the detailed issues related to QoS Enhancements when using TSN traffic patterns for NR-IIoT.

2 Discussion
In 22.804[3], it is specified that the following requirements related to RAN2 should be supported.

	Reference number
	Requirements
	Use case requirement 

reference

	Ogr.1
	The 5G system shall support deterministic cyclic data communication.
	

	Ogr.
	The 5G system shall support deterministic and non-deterministic aperiodic traffic
	

	Ogr.2
	The 5G system shall support establishing on-demand communication which can be triggered by the network. 


	Factories of the Future 9.1

Factories of the Future 9.2

	Ogr.3
	The 5G system shall support the capability to provide time-guaranteed communications with a defined pattern. (note)
	Centralised Power Generation 2.1

	Ogr.5
	The 5G system shall support dynamic communication QoS negotiation between UE and the network. 
	Factories of the Future 18.11

	Nsd.Eth.3
	The 5G system shall support IEEE 802.1Qbv (time-aware scheduling.) 
	Factories of the Future 4.4

	NOTE: The example of the defined pattern can be: when to start the service, during what time interval the service may/may not take place. 


For deterministic cyclic data communication, if the gNB can acquire the traffic pattern(e.g. cyclic interval, data volume), grant-free scheduling can be used for data transmission(e.g. either be configured via RRC (type1) or provided via the PDCCH (addressed to CS-RNTI) (type2) in NR[4]).  

#Issue 1: About QoS parameters provision
Based on the current QoS parameters provided over Ng and Xn interface[5][6], the traffic pattern(e.g. cyclic interval, data volume) cannot be acquired by gNB. 

Observation 1: Based on the current specification, gNB cannot acquire the traffic pattern. 

In Rel-15 S1APand X2AP[7][8], the Subscription Based UE Differentiation Information is introduced, which can provide the Periodic Communication Indicator, Periodic Time and Scheduled Communication Time. The similar Subscription Based UE Differentiation Information can be introduced also into NGAP/XnAP for traffic pattern provision.

Proposal 1: Subscription Based UE Differentiation Information including deterministic cyclic traffic pattern is introduced in NGAP/XnAP.

In Rel-15 S1AP/X2AP[7][8], the Subscription Based UE Differentiation Information can only include one traffic pattern(e.g only one Period Time)[7][8], it is not enough for wireless Ethernet, which may carry multiple service with different traffic pattern by one UE[9]. So the Subscription Based UE Differentiation Information in NGAP/XnAP should support to carry multiple traffic pattern(e.g Subscription Based UE Differentiation Information in NGAP/XnAP includes a list of traffic pattern).

Proposal 1a: Subscription Based UE Differentiation Information in NGAP/XnAP should support to carry multiple traffic pattern.

The data volume or TB size of the traffic pattern is necessary for gNB to configure the UL grant by RRC(Type 1 scheduling), but even in Subscription Based UE Differentiation Information of Rel-15 S1AP/X2AP[7][8], there has no such information. So, the data volume or TB size of the traffic pattern should be introduced in Subscription Based UE Differentiation Information of NGAP/XnAP.

Proposal 1b: Subscription Based UE Differentiation Information in NGAP/XnAP should include the data volume or TB size of the traffic pattern.

Proposal 1c: Send Ls to RAN3 and SA2 to take the proposal 1/1a/1b into account.

#Issue 2: About Uu grant scheduling
For deterministic cyclic data communication, grant-free scheduling can be used for data transmission. In the current NR specification, the grant-free scheduling can only include one traffic periodicity(e.g. only one traffic pattern can be configured for one UE), it is not enough for wireless Ethernet, which may carry multiple service with different traffic pattern by one UE. Thus, the grant-free scheduling(e.g. ConfiguredGrantConfig) should be enhanced to support multiple traffic pattern grant(e.g. the grant-free configuration information should be a list).

Observation 2: For deterministic cyclic data communication, grant-free scheduling can be used for data transmission, but the current grant-free scheduling mechanism is not enough for wireless Ethernet.
Proposal 2: The grant-free scheduling(e.g. ConfiguredGrantConfig) should be enhanced to support multiple traffic pattern grant.

For the deterministic and non-deterministic aperiodic traffic, and on-demand communication, it can only be dynamically granted based on PDCCH, which is a legacy scheduling procedure and is already supported in NR.

Observation 3: For the deterministic and non-deterministic aperiodic traffic, on-demand communication, no scheduling enhancement is necessary in NR.

For time-guaranteed communications, the Packet Delay Budget info is already provided in NGAP/XnAP for time information. And the inter-UE priorization has partially been specified, the intra-UE priorization is being studied under the topic of Data duplication enhancements.   
For dynamic communication QoS negotiation between UE and the network, it already partially supported in NR(e.g. scheduling priority indication interaction between UE and gNB and inter-UE priorization) and the intra-UE priorization is being studied under the topic of Data duplication enhancements.

Observation 4: For time-guaranteed communications and dynamic communication QoS negotiation between UE and the network, it can be left to the topic of Data duplication enhancements for study.
3 Conclusions

In this contribution, we have discussed the issues related to accurate reference riming delivery in Time Sensitive Networking related enhancements. We make the following observations and proposals:

Observation 1: Based on the current specification, gNB cannot acquire the traffic pattern. 

Observation 2: For deterministic cyclic data communication, grant-free scheduling can be used for data transmission, but the current grant-free scheduling mechanism is not enough for wireless Ethernet.

Observation 3: For the deterministic and non-deterministic aperiodic traffic, on-demand communication, no scheduling enhancement is necessary in NR.

Observation 4: For time-guaranteed communications and dynamic communication QoS negotiation between UE and the network, it can be left to the topic of Data duplication enhancements for study.

Proposal 1: Subscription Based UE Differentiation Information including deterministic cyclic traffic pattern is introduced in NGAP/XnAP.

Proposal 1a: Subscription Based UE Differentiation Information in NGAP/XnAP should support to carry multiple traffic pattern.

Proposal 1b: Subscription Based UE Differentiation Information in NGAP/XnAP should include the data volume or TB size of the traffic pattern.

Proposal 1c: Send Ls to RAN3 and SA2 to take the proposal 1/1a/1b into account.

Proposal 2: The grant-free scheduling (e.g. ConfiguredGrantConfig) should be enhanced to support multiple traffic pattern grant.
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