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3GPP™ Work Item Description

Information on Work Items can be found at http://www.3gpp.org/Work-Items 
See also the 3GPP Working Procedures, article 39 and the TSG Working Methods in 3GPP TR 21.900
Title: 
New WID: Further enhancements for NR URLLC and Industrial Internet of Things (IIoT)
Acronym: FE_NR_URLLC_IIOT
Unique identifier: 
 
NOTE:
For new WIs/SIs leave the Unique identifier empty and make a proposal for an Acronym.


For a revised WI/SI: Take Unique identifier and acronym as shown in 3GPP workplan.


If this is a RAN WID including Core and Perf. part, then Title, Acronym and Unique identifier refer to the feature WI.


Please tick (X) the applicable box(es) in the table below:

Either:
	This WID includes a Core part
	X

	This WID includes a Performance part
	X



or:
	This WID includes a Testing part
	

	and it addresses the following 3GPP work area:
	Radio Access
	

	
	Core Network
	

	
	Services
	


1
Impacts 

	Affects:
	UICC apps
	ME
	AN
	CN
	Others (specify)

	Yes
	
	X
	X
	X
	

	No
	
	
	
	
	

	Don't know
	
	
	
	
	


2
Classification of the Work Item and linked work items
2.1
Primary classification
This work item is a … 
	X
	Feature

	
	Building Block

	
	Work Task

	
	Study Item


NOTE:
Normally, Core/Perf./Testing parts in RAN WIDs are Building Blocks. Only if they are under an SA or CT umbrella, we define them as work tasks. If you are in doubt, please contact MCC.
2.2
Parent Work Item 
	Parent Work Items 

	Unique ID
	Title

	
	


NOTE:
RAN agreed some time ago, that it describes the feature WI + Core/Perf. part WI or Testing part WI in one WID. Therefore the table above should just include the feature WI Unique ID and title.
2.3
Other related Work Items and dependencies
	Other related Work Items (if any)

	Unique ID
	Title
	Nature of relationship

	800098
	Support of NR Industrial Internet of Things(IoT)


	Preceding Work Item

	800095
	Study on physical layer enhancements for NR ultra-reliable and low latency communication (URLLC)
	The SI handled physical layer aspects of URLLC enhancements.

	830074
	Physical layer enhancements for NR ultra-reliable and low latency communication (URLLC)
	Preceding Work Item,The WI specific physical layer enhancements for NR URLLC

	800007
	Service requirements for cyber-physical control applications in vertical domains
	Defined requirements for new URLLC / Industrial IoT use cases 

	820017
	5GS Enhanced support of Vertical and LAN Services
	The WI handles architectural aspects of TSC, and NPN/CAG support where inter-dependencies with RAN exist.

	820019
	Enhancement of URLLC support in the 5G Core network
	The WI handles architectural aspects of higher-layer multi-connectivity where RAN inter-dependencies may exist.

	800085
	Enhancements on MIMO for NR
	The WI handles multiple TRPs transmission for URLLC


NOTE:
Also related or dependent WIs/SIs in other TSGs should be indicated.
3
Justification

There are four key use cases to be considered for Rel-16 URLLC/IIoT
· AR/VR (Entertainment industry)

· Factory automation

· Transport Industry

· Electrical Power Distribution

Both initial evaluation results with Rel-15 technologies as shown in TR 38.824 and the evaluation results with Rel-16 technologies as shown in RP-191013 show that the availability (i.e., percentage of UEs that meet the reliability within latency boundary) still has substantial space to be improved.

It can be expected that the availability can be improved significantly by increasing available resource, e.g., large bandwidth or large number of carriers or more RX/TX antennas if possible. However, it would be challenging to get more resource (e.g. larger bandwidth) for some use cases, e.g. for use cases such as V2X and power distribution which are more likely supported on the wide public wireless network considering the mobility characteristic and the outdoor urban deployments, typically FR1 is used and thus difficult to get larger bandwidth to improve the service availability. Therefore, the potential enhanced direction should be to improve the system resource efficiency for these use cases.  In addition, for some URLLC use cases for indoor or regional deployments and with high data rate and tight latency boundary, e.g., cloud AR/VR with high UE data rate or factory automation with high UE density, it is very hard to simultaneously meet the requirements of high data rate and low latency by using FR1 only. 

FR2 can be used to improve the availability for the above cases. However, there is almost no evaluation based on FR2 for URLLC/IIoT in Rel-15/Rel-16. Therefore, evaluations for URLLC/IIoT use cases deployed on FR2 is a valuable work, which could be important references for the understanding and potential enhancements of FR2 URLLC deployments. Regarding using FR2, one potential issue is that mmWave on FR2 is not robust against the beam blocking. This can result in beam failure which impacts the reliability. Therefore, robust beam management, beam failure recovery and radio link monitoring for URLLC on FR2 should be considered. In addition, the joint operation among FR1 and FR2, e.g., by CA or DC, can also be optimized to meet URLLC requirement, e.g., reduce the HARQ feedback delay for the CA with FR1 and FR2. 
The IIoT channel model has its specific characteristics which may have big differences between the previous indoor scenario defined in TR 38.901. For example, there could be strong reflection multipath visible in industrial factories, and the related delay spread is much larger than the normal indoor scenarios. The previous system design should be revisited for fulfilling the specific industrial scenarios especially for the frame structure and the numerologies. Leftovers about multiple TRP transmission for URLLC from Rel-16 can be put in this work scope, for example PDCCH, PUCCH and PUSCH enhancement(s) for multi-TRP transmission if those are not finished in Rel-16.
The hierarchical topology of industry production line should also be take into consideration, which includes line controller, machine controller and field devices. Distributed machine controller enables local terminated services with very low latency. The role of distributed machine controller should be studied to realize the locally-terminated eURLLC connections. Besides, Industrial Ethernet integration should also be considered for IIoT, e.g., Support for TSN in hierarchical 5G architecture. Other Ethernet parameters should be considered to optimize the data transmission over 5G. Considering many of the services in smart factory are the closed-loop applications, which requires both DL and UL packet transmissions with tight cycle time, scheduling and HARQ could be further enhanced for high resource utilization efficiency.
A new Rel-17 SID for FS_eNPN has been approved by SA2, which captured a set of consolidated requirements, i.e., enhancement for 5G non-public networks (NPN), and the possibility for customizations or optimizations of 5GS when used for NPN considering different deployment scenarios. Based on the requirement of SA2 Rel-17 FS_eNPN SI, it can be anticipated that further RAN enhancements will still be needed in Rel-17. 
4
Objective

4.1
Objective of SI or Core part WI or Testing part WI
The objective of this work item is to specify enhancements to URLLC (Ultra Reliable Low Latency Communications) and IIoT, considering aggregating carriers in FR1 and FR2, with the already existing solutions for NR as the baseline, and also to specify techniques to mechanisms catering for distributed machine controller, enhanced NPN, impacts from the new IIoT channel model.
1.  Specify enhancements for URLLC/IIoT using carriers in FR1 and FR2 at least for the use cases of AR/VR with high UE data rate (up to 1Gbps) and factory automation with high UE density (more than 100 UEs per cell), applying new IIoT channel modelling in factory scenario [RAN1,RAN2]:
· Robust beam management, beam failure recovery, radio link monitoring for ultra-reliability and low latency on FR2
· Reduce the HARQ feedback delay for CA with FR1 and FR2
· Potential enhancement of the frame structure and numerologies for the new IIoT channel model
2. Specify enhancements for improving system resource efficiency[RAN1]:

· Aperiodic CSI on PUCCH
· Early termination by explicit ACK channel for UL CG 
· SPS/CG enhancement with channel adaptation
· Physical layer repetitions on BWPs
· Scheduling and HARQ enhancement for closed-loop applications, which requires both DL and UL packet transmissions with tight cycle time
· Interference management for different slot configuration between outside and inside factory
3. For mechanism catering for distributed machine controller are [RAN2, RAN1,RAN3]:

· Study the hierarchical 5G architecture catering for hierarchical topology of industry production line; 
· Study the role of the distributed machine controller, whether it should be of enhanced UE type or node type to support the local terminated service with stringent latency requirement; 
· Direct D2D URLLC link for UE type
· Local breakout/switch for node type
· Industrial Ethernet integration, e.g., support for TSN in hierarchical 5G architecture;
4. For enhanced NPN [RAN2, RAN3]:
· Enable seamless service continuity for ongoing services between SNPN and PLMN;

· Specify RAN sharing between NPN and PLMN, including the potential access schemes to ensure NPN services;

· Support for voice/IMS emergency services for SNPN;

4.2
Objective of Performance part WI
NOTE:
Leave empty if the WI proposal does not contain a RAN performance part.

Specify the following requirements [RAN4]

· Base station demodulation performance requirements

· UE demodulation performance requirements
· Base station conformance testing 
4.3
RAN time budget request (not applicable to RAN5 WIs/SIs)
NOTE:
For all new RAN related WIs/SIs which are not led by RAN WG5 the WI/SI rapporteur has to fill out the attached Excel table to request time budgets for corresponding RAN WG meetings.
The Excel table has to be filled out for all affected RAN WGs and up to the target date of the WI/SI.
One time unit (TU) corresponds to ~ 2 hours in the meeting.
If no TU is needed, then leave the field empty otherwise enter a number >0 in the field.


For revisions of already approved WI/SI descriptions: Please remove the Excel table from the WID/SID's zip file. The time budgets are already recorded. If you want to modify them, then this has to be done via the status report and not via a revised WID/SID.


If this WID is covering Core and Performance part, then please fill out one line for each part in the attached Excel table.

additional comments to the time budget request in the attached Excel table:
5
Expected Output and Time scale

	New specifications {One line per specification. Create/delete lines as needed}

	Type 
	TS/TR number
	Title
	For info 
at TSG# 
	For approval at TSG#
	Remarks

	{Possible values:

"TS" or 

"Internal TR" or 

"External TR". See Note 1}
	{E.g. 

"22.XXX" or actual number if known}
	{Title of the specification (as per TR 21.801 §6.1.1), to be aligned as much as possible with the WI/SI title} 
	{E.g. 

"TSG#87"}
	{E.g. 

"TSG#89"}
	{e.g.: rapporteur:

<FamilyName>, <GivenName>, <Company>, <email address>}


{Note 1: Only TSs may contain normative provisions. Study Items shall create or impact only TRs.
"Internal TR" is intended for 3GPP internal use only whereas "External TR" may be transposed by OPs.}
NOTE:
If this is a RAN WI including Core and Perf. part, then all new Core part specs have to be listed first and then all new Perf. part specs. Indicate "Core part" or "Perf. part" under Remarks for each spec.
By default a new specs can only be new for one of both parts.
	Impacted existing TS/TR {One line per specification. Create/delete lines as needed}

	TS/TR No.
	Description of change 
	Target completion plenary#
	Remarks

	38.211
	NR; Physical channels and modulation
	RAN#86
	Core Part

	38.212
	NR; Multiplexing and channel coding
	RAN#86
	Core Part

	38.213
	NR; Physical layer procedures for control
	RAN#86
	Core Part

	38.214
	NR; Physical layer procedures for data
	RAN#86
	Core Part

	38.321
	NR; Medium Access Control (MAC) protocol specification
	RAN#87
	Core Part

	38.322
	NR; Radio Link Control (RLC) protocol specification
	RAN#87
	Core Part

	38.331


	NR; Radio Resource Control (RRC); Protocol specification
	RAN#87
	Core Part

	38.104
	NR; Base Station (BS) radio transmission and reception
	RAN#89
	Perf. Part

	38.101-4
	NR; User Equipment (UE) radio transmission and reception; Part 4: Performance requirements
	RAN#89
	Perf. Part


NOTE:
If this is a RAN WI including Core and Perf. part, then all new Core part specs have to be listed first and then all new Perf. part specs. Indicate "Core part" or "Perf. part" under Remarks for each spec.
If an existing spec is affected by both (Core part and Perf. part), then it has to be listed twice with appropriate approval dates.

6
Work item Rapporteur(s)
{<Cheng>, <Yan>, <Huawei>, < chengyan.cheng@huawei.com >.} 
7
Work item leadership

Primary responsible WG: RAN WG1
Secondary responsible WG: RAN WG2, RAN WG3
8
Aspects that involve other WGs
NOTE:
For RAN WIs: Section 8 applies only toWGs outside of TSG RAN because RAN WG aspects have to be covered in section 4.
SA WG2: Coordination required for objectives relating to distributed machine controller, enhanced NPN and new architecture for positioning with 20cm accuracy.

9
Supporting Individual Members
	Supporting IM name

	Huawei

	HiSilicon

	

	

	

	


