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Introduction
URLLC is one important scenario in NR. And technics for one target (reliability 99.999% and latency 1ms) is specified in Rel15. However, there are wide variety of requirement on reliability, latency, data rate, connection density and jitter in real world. In this contribution, we analyze on URLLC scenario, deployment and UE capability and feature.
Scenario and requirement
Several low-latency and high reliability communications are defined in [1], and mainly focus on entertainment, industrial and transport scenarios. And these scenarios have different requirements on latency, reliability, data rate, connection density and jitter, as shown in Table A1 [1].
Observation1: URLLC includes wide variety of scenarios and requirement.
Usually different requirements correspond to different UE capability level and feature list. For example, basic technical feature for eMBB in NR is enough for target of reliability 99.9% within 50ms (Process automation). However, all technical features specified for low-latency and high reliability needs to be considered for target of reliability 99.999% within 1ms. So, multiple URLLC capability levels and feature lists could be defined to match different URLLC scenario. 
In addition, jitter, data rate and spectrum efficiency (connection density) are also to be considered in definition of UE capability level and feature lists in the further.
Observation2: Multiple UE capability levels and feature lists could be defined to match different URLLC scenario.
Deployment
The URLLC scenarios do not only have different requirements, but also have different deployments. Use cases and deployment for different URLLC scenarios are listed in the following and summarized in Table 1:
· Entertainment
Entertainment use cases, such as online game, tactile internet, AR/VR and remote control are mainly applied in user equipment, such as mobile phone and IPAD. For these uses cases, it is necessary to consider technics meeting link-level URLLC requirement and solving issues from mix of URLLC and eMBB traffic. Note that link-level URLLC focuses on single link transmission, not solve parallel transmission and inter-UE interference.
· Industrial
Industrial use cases, such as motion control and process automation are mainly applied in machine and may be deployed in local area in dedicated network. Therefore, these use cases may consider technics meeting link-level URLLC requirement only.
· Transport
Transport use cases, such as connection of road-side infrastructure and information from other vehicles are mainly applied in vehicles and may be deployed in wide area in dedicated/shared network. Therefore, these use cases may consider technics meeting link-level URLLC requirement and solving issues form shared network.
Table 1 URLLC scenario and deployment
	Scenario
	Use case
	Deployment

	Entertainment
	Online Game/ Tactile internet/ AR/VR/remote control
	· Outdoor&Indoor
· Shared network  
· Wide area

	Industrial 
	Motion control/ Process automation
	· Indoor
· Dedicated network
· Local area

	Transport 
	V2X
	· Outdoor
· Dedicated&Shared network
· Wide area



Observation3: URLLC includes wide variety of scenarios and deployments.
Different deployments correspond to different UE capability level and feature list. For example, link-level URLLC technics is enough for URLLC-only deployment. However, except from link-level URLLC technics, multiplexing data with different data transmission duration needs to be considered for URLLC and eMBB shared network. Further, Additional intra-UE overlapped transmission needs to be considered for the case of mix of URLLC and eMBB traffic.
Observation4: Multiple UE capability levels and feature lists could be defined to match different URLLC deployment.
Technical feature for URLLC
In this section, some technic features for URLLC are discussed. Firstly, technic features for URLLC specified in R-15 are summarized in Table 2. It can be seen that link-level low latency and high reliability technics are discussed fully. 
Table 2 Technical feature specified for URLLC in Rel15
	Scenario and Requirement
	Technical feature

	Low latency
	· Non-slot transmission
· Grant free transmission
· SR enhancement, including shorter periodicity SR and Multiple SR configurations.
· Advanced processing time
· (Configurable search space periodicity)

	High reliability and low latency
	· High aggregation level for PDCCH
· CQI targeting for 10^-5 and corresponding MCS

	URLLC and eMBB shared network
	· Multiplexing data with different data transmission duration

	Note that high reliability without low latency requirement does not need additional enhancement due to HARQ and repetition can solve high reliability issue fully.



Apart from above features, technics to solve issues from mix of URLLC and eMBB and to meet other requirements, such as data rate, spectrum efficiency and jitter need to be further studied to match wide variety of URLLC scenarios and deployments
Observation5: Technics for URLLC needs to be further studied to match wide variety of URLLC scenarios and deployments
Conclusions
In this contribution, we show our views on scenario, requirement, deployment and UE capability and feature list with following observations:
Observation1: URLLC includes wide variety of scenarios and requirement.
Observation2: Multiple UE capability levels and feature lists could be defined to match different URLLC scenario.
Observation3: URLLC includes wide variety of scenarios and deployments.
Observation4: Multiple UE capability levels and feature lists could be defined to match different URLLC deployment.
Observation5: Technics for URLLC needs to be further studied to match wide variety of URLLC scenarios and deployments
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Appendix
Table A1 Performance requirements for low-latency and high-reliability scenarios
	Scenario
	End-to-end latency
(note 3)
	Jitter
	Survival time
	Communication service availability
(note 4)
	Reliability
(note 4)
	User experienced data rate
	Payload
size
(note 5)
	Traffic density
(note 6)
	Connection density
(note 7)
	Service area dimension
(note 8)

	Discrete automation – motion control
(note 1)
	1 ms
	1 µs
	0 ms
	99,9999%
	99,9999%
	1 Mbps
up to 10 Mbps
	Small
	1 Tbps/km2
	100 000/km2
	100 x 100 x 30 m 

	Discrete automation
	10 ms
	100 µs
	0 ms
	99,99%
	99,99%
	10 Mbps
	Small to big
	1 Tbps/km2
	100 000/km2
	1000 x 1000 x 30 m

	Process automation – remote control
	50 ms
	20 ms
	100 ms
	99,9999%
	99,9999%
	1 Mbps
up to 100 Mbps
	Small to big
	100 Gbps/km2
	1 000/km2
	300 x 300 x 50 m

	Process automation ‒ monitoring
	50 ms
	20 ms
	100 ms
	99,9%
	99,9%
	1 Mbps
	Small
	10 Gbps/km2
	10 000/km2
	300 x 300 x 50

	Electricity distribution – medium voltage
	25 ms
	25 ms
	25 ms
	99,9%
	99,9%
	10 Mbps
	Small to big
	10 Gbps/km2
	1 000/km2
	100 km along power line

	Electricity distribution – high voltage 
(note 2)
	5 ms
	1 ms
	10 ms
	99,9999%
	99,9999%
	10 Mbps
	Small
	100 Gbps/km2
	1 000/km2
(note 9)
	200 km along power line

	Intelligent transport systems – 
infrastructure backhaul
	10 ms

	20 ms
	100 ms
	99,9999%
	99,9999%
	10 Mbps
	Small to big
	10 Gbps/km2
	1 000/km2
	2 km along a road

	Tactile interaction
(note 1)
	0,5 ms
	TBC
	TBC
	[99,999%]
	[99,999%]
	[Low]
	[Small]
	[Low]
	[Low]
	TBC

	Remote control
	[5 ms]
	TBC
	TBC
	[99,999%]
	[99,999%]
	[From low to 10 Mbps]
	[Small to big]
	[Low]
	[Low]
	TBC

	NOTE 1: 	Traffic prioritization and hosting services close to the end-user may be helpful in reaching the lowest latency values.
NOTE 2: 	Currently realised via wired communication lines. 
NOTE 3: 	This is the end-to-end latency required for the 5G system to deliver the service in the case the end-to-end latency is completely allocated to the 5G system from the UE to the Interface to Data Network.
NOTE 4: 	Communication service availability relates to the service interfaces, reliability relates to a given node. One or more retransmission over the radio interface may take place in order to satisfy the reliability requirement.
NOTE 5: 	Small: payload typically ≤ 256 bytes 
NOTE 6: 	Based on the assumption that all connected applications within the service volume require the user experienced data rate. 
NOTE 7: 	Under the assumption of 100% 5G penetration.
NOTE 8      Estimates of maximum dimensions; the last figure is the vertical dimension.
NOTE 9:	In dense urban areas.
NOTE 10: 	All the values in this table are targeted values and not strict requirements. Deployment configurations should be taken into account when considering service offerings that meet the targets.






