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3GPP™ Work Item Description
For guidance, see 3GPP Working Procedures, article 39; and 3GPP TR 21.900.
Comprehensive instructions can be found at http://www.3gpp.org/Work-Items
Title: 	NR URLLC phase 2
Acronym NR_URLLC
Unique identifier: 	 
NOTE:	For new WIs/SIs leave the Unique identifier empty but you may make a proposal for an Acronym.
	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
	
	

	No
	X
	
	
	
	

	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 and child Work Items 

	Parent and child Work Items 

	Unique ID
	Title
	Nature of relationship

	
	
	


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 and Nature of relationship is "parent WID".

2.3	Other related Work Items and dependencies

	Other related Work Items (if any)

	Unique ID
	Title
	Nature of relationship

	
	
	


NOTE:	Classical examples: List a preceding SI or a preceding WI (e.g. if you further enhance a topic). Also related or dependent WIs in other TSGs should be indicated.

3	Justification
Ultra-reliable and low latency communications (URLLC) is one of most important features in 5G besides eMBB and mMTC. The use cases for URLLC requires low end-to-end latency and/or very high reliability, including V2X, remote control, industry automation, smart grid, etc. [1]. NR Release 15 focuses on the basic reference URLLC requirement of transmission of small packets (e.g., 32 Bytes) within the latency of 1ms and with 1e-5 reliability [1]. 
NR Release 15 phase 1(till Dec. 2017) just completed some basic features for URLLC, such as non-slot based scheduling, UL grant free transmission, DL preemption indication based DL eMBB and URLLC multiplexing, as well as some basic reliability related features such as PDSCH/PUSCH/PUCCH slot repetition/aggregation, etc. NR Release 15 phase 2(till June 2018) is ongoing, including some further discussion for URLLC features such as CQI/MCS tables,  potential PDCCH enhancement and UL eMBB and URLLC multiplexing, etc. 
As stated above, NR Release 15 mainly focuses on the basic URLLC requirement, e.g., 1e-5 reliability for small packet transmission within 1ms. However, the real use cases for URLLC can be more diverse, e.g., for medium to large packet transmission with ultra-reliability but with relax requirement for latency compared to 1ms. Therefore, further URLLC enhancements should target to the real commercial use cases as defined in SA reports. Moreover, further enhancement to the reliability for URLLC would be needed, especially for cell edge UEs with low SNR which consume more wireless resources. For normal eMBB services, a try-the-best principle is used to serve the UEs, e.g., cell edge UEs may only be served with low data rates. However, URLLC services have both more stringent latency and reliability requirements which requires that the cell edge UEs may need to be served as similar data rates as the cell center UEs. In addition, some other enhancements for URLLC also need to be considered, such as the reliability and transmission efficiency of UL grant free transmission, data transfer in inactive state, optimization of the packet delivery latency during handover and latency reduction (e.g., less than 10ms) from idle mode to connected mode. 
[bookmark: OLE_LINK2]Besides, industry automation and smart grid are two important use cases for URLLC [1]. In 3GPP SA1, the requirement of very high synchronicity in the order of 1s between all involved devices (motion controller, sensors, actuators, mobile robots or PMU etc.) has been confirmed for the use case of industry automation, smart grid and PMSE (Programme Making and Special Events). For example, at exactly the same time, the sensors in motion control need determine the current state of the processes and put them as new actual values in their internal buffer, ready to be transmitted to the motion controller. For another example, the mobile robots in factories need exchange real-time control data with each other and provide a collision-free operation of autonomous mobile robots and synchronised actions between multiple mobile robots. 
In addition, a further communication requirement defined as “jitter” has been confirmed for the use case with a strict cyclic message in industrial automation. For example, the “jitter” is required to be no more than 50% cycle time to ensure the transmission in strict cyclic pattern in a closed-loop control application. Furthermore, in order to enable real-time transmission and to avoid out-of-order processing in application, the packet from an application should be received by the peer application in a deterministic time window which indicates the constraint on both minimum latency and maximum latency in the network.  

[1] 3GPP TR 22.804 V1.0.0 (2017-12), Study on Communication for Automation in Vertical Domains. 
[2] 3GPP TR 38.913 V14.3.0 (2017-06), Study on Scenarios and Requirements for Next Generation Access Technologies.


4	Objective
4.1	Objective of SI or Core part WI or Testing part WI
The objective of this work item is to identify and specify solutions to support NR URLLC based on the real commercial use cases. Further enhancements to the latency, the reliability and transmission efficiency for URLLC would be needed, especially for cell edge UEs. The work item should also identify and specify solutions for highly accurate time synchronization among devices for industrial applications with network assistance and deterministic transmissions with low latency, high reliability and jitter control. 

The detailed objectives are listed as below: 
· Identify and specify solutions to further enhance the latency, reliability and transmission efficiency for URLLC transmission [RAN1, RAN2, RAN4]
· Enhance transmission reliability and resource utilization efficiency for low SNR UEs, considering scheduling, CSI measurement and report, UCI transmission, diversity, etc. 
· Support high reliable transmission with medium to high data rate
· Enhance transmission reliability and resource utilization efficiency UL grant free transmission, e.g., DL ACK feedback, etc. 
· Reduce latency to less than 10ms low-latency connection from idle mode to connected mode 
· Data transfer in inactive state 
· Optimization of the packet delivery latency during handover 
· Support methods allowing UE to synchronize to an absolute time provided by gNB. [RAN1, RAN2, RAN4]
· [bookmark: OLE_LINK1]Support high-accuracy timing indication from gNB to UE.
· Specify the mechanism of the timing-information indication from gNB to UE.
· Specify the corresponding UE procedures.
· Enable more accurate time-synchronization between gNB and UE.
· Identify the enhanced synchronization mechanism to realize reliable higher-accuracy time synchronization between gNB and UE.
· Support the efficient management for synchronization service.
· Support high accuracy time synchronization in mobility.
· Support UE Authorization for the synchronization service.
· Support deterministic transmissions for cyclic traffic [RAN2, RAN3]
· [bookmark: _GoBack]Support jitter <50% cycle time for cyclic deterministic transmission, e.g., 0.5 ms jitter for 1ms cycle time 
· Specify the time control functionality and location for the deterministic transmission. 
· Specify related Qos parameters for the deterministic transmission.
· Avoid too early arrival or too late arrival for deterministic transmission
· Support time aware scheduling in RAN 
· Support avoiding consecutive application packets failure
· Identify the potential consecutive application packets failure and improve the reliability accordingly

4.2	Objective of Performance part WI
NOTE:	Leave empty if the WI proposal does not contain a RAN performance part.
Specify the necessary UE and base station performance requirements related to the above mentioned core part objectives.


4.3	RAN time budget request (not applicable to RAN5 WIs/SIs)
NOTE:	For all 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 leave the field empty otherwise enter a number 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 of them 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}

	Proposed Spec no. or series
	Type (see note 1) 
	Title
	For info 
at TSG# 
	For approval at TSG#
	Remarks

	
	
	
	
	
	


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 WID 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

	38.201
	NR; Physical layer; General description
	RAN#85
	Core Part

	38.202
	NR;  Service provided by the physical layer
	RAN#85
	Core Part

	38.211
	NR; Physical channels and modulation
	RAN#85
	Core Part

	38.212
	NR; Multiplexing and channel coding
	RAN#85
	Core Part

	38.213
	NR; Physical layer procedures for control
	RAN#85
	Core Part

	38.214
	NR; Physical layer procedures for data
	RAN#85
	Core Part

	38.215
	NR; Physical layer measurements
	RAN#85
	Core Part

	38.300
	NR; Overall description; Stage 2
	RAN#85
	Core Part

	38.306
	NR; User Equipment (UE) radio access capabilities
	RAN#85
	Core Part

	38.321
	NR; Medium Access Control (MAC) protocol specification
	RAN#85
	Core Part

	38.304
	NR; User Equipment (UE) procedures in idle mode and in RRC Inactive state
	RAN#85
	Core Part

	38.322
	NR; Radio Link Control (RLC) protocol specification
	RAN#85
	Core Part

	38.323
	NR; Packet Data Convergence Protocol (PDCP) specification
	RAN#85
	Core Part

	38.331
	NR; Radio Resource Control (RRC); Protocol specification
	RAN#85
	Core Part

	38.101-1
	NR; User Equipment (UE) radio transmission and reception; Part 1: Range 1 Standalone
	RAN#85
	Performance Part

	38.101-2
	NR; User Equipment (UE) radio transmission and reception; Part 1: Range 2 Standalone
	RAN#85
	Performance Part

	38.101-3
	NR; User Equipment (UE) radio transmission and reception; Part 3: Range 1 and Range 2 Interworking operation with other radios
	RAN#85
	Performance Part

	38.101-4
	NR; User Equipment (UE) radio transmission and reception; Part 4: Performance requirements
	RAN#85
	Performance Part

	38.104
	NR; Base Station (BS) radio transmission and reception
	RAN#85
	

	38.133
	NR; Requirements for support of radio resource management
	RAN#85
	Performance Part

	38.141
	NR; Base Station (BS) conformance testing
	RAN#85
	Performance Part


NOTE:	If this is a RAN WID 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)


7	Work item leadership
RAN1
RAN2, RAN4 as the secondary responsible WG

8	Aspects that involve other WGs
NOTE:	For RAN WIDs: Section 8 applies only to WGs outside of TSG RAN because RAN WG aspects have to be covered in section 4.


9	Supporting Individual Members

	Supporting IM name

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	



