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[bookmark: _Hlk125884464]Abstract: This document provides a Text Proposal for the consolidation on KPI for Ambient IoT.
Discussion 
30 use cases and 3 traffic scenarios have been agreed and captured in the latest version of TR 22.840 v1.0.0.
KPI consolidation methodology:
In order to do KPI consolidation for ambient IoT use cases. The following methodology and steps have been proposed and performed:
1) Step 1: Grouping use cases into several categorizations based on the functionality that ambient IoT can provide;
2) Step 2: For each categorization, the use cases are further grouped based on their deployment scenarios, i.e. indoor, outdoor.
3) Step 3: For each sub-group use cases under each categorization, merge the KPI values and generate the consolidated KPI values.  

Use case categorization and grouping:
Step 1 and step 2 are for use cases categorizations and grouping. The following motivation is identified for step 1 and step 2:
Motivation of use cases categorizations:
· There are different requirements (payload size, device density, transfer intveral, need of positioning etc.) for different categorizations and different deployment
· There may be similar requirements for use case under each combination of a categorization and a deployment scenario (e.g. indoor +inventory, outdoor + sensor, indoor + actuator).
· For some combination, the KPI may be still diverse for different. In this case, the use cases can be further grouped into different sub-types. 
· KPI consolidation is performed for each combination or for each sub-type (i.e. depending on the KPI diversity). The consolidated KPI will facilitate the specification implementation for the downlink group by take the specific characteristcis of each combination or sub-types.
For step 1, based on the functionality that ambient IoT provides, the use cases and traffic scenarios are put into the following 4 categorizations as in the following: 
- Use case categorization 1: Inventory
- Use case categorization 2: Sensors
- Use case categorization 3: Positioning  
- Use case categorization 4: Actuator (e.g., switch)
In this step, it is noted that some use cases invole more than one function, in order to avoid KPI dupulication it is proposed one use case is only grouped within one   categorization based on the main function that ambient IoT that can provide for them. For example, use case 5.1 Automated warehousing is only put into categorization 1: Inventory, use case Ambient IoT devices for smart laundry is only put into categorization 2: Sensors. Traffic scenario 6.3 electronic shelf label is put into categorization 4: Actuator.
[bookmark: _Toc103935714][bookmark: _Toc103935715]For step 2, the above 4 categorizations are further grouped based on their deployment scenarios, i.e. indoor, outdoor. 
Similarly, some use cases, it related to both indoor and outdoor. For this kind of use cases, it is grouped into only indoor or outdoor based on the most possible deployment scenario. For example, use case 5.7 Airport terminal / shipping port is mainly an indoor use cases althougu it also related to outdoor in some cases.

Using above methodology, all the use cases and traffic scenarios with KPI values are catorgorized and grouped into Table 1: 
Table 1: Ambient IoT use case categorization and grouping 
	Use cases Categories
	Use cases agreed in TR 22.840 v0.3.0

	Inventory
	1; 2; 5; 7; 16; traffic scenario 1

	Sensors
	3; 6; 13; 15; 18; 19; 20; 22; 23; 24; 25; traffic scenario 2;

	Positioning
	[bookmark: _Hlk126599813]8; 9; 10; 12; 14; 21;

	Actuator
	11;26;30; traffic scenario 3



KPI consolidation:
After use case categorization and grouping, the KPI consolidation is performed. The specific consolidation method is:
Firslt, the KPI values from use case under each combination of a categorization and a deployment scenario (e.g. indoor +inventory, outdoor + sensor, indoor + actuator) will be checked:
· If all the values are within a similar range, the KPIs from all the use case under this combinarion will merged (consolided) into one row (as highlighted in green).
· Example include indoor inventory etc.
· Otherwise, the KPI may be still diverse for different use cases. In this case, the use cases within each combination will be further grouped into different sub-types. And the KPIs from all the use case under each sub-type will merged (consolided) into one row (as highlighted in green).
· Example includes indoor sensor (includes 2 sub-type: Room envirionment monitoring and Indoor agriculture and husbandry), outdoor sensor (include smart grid, Outdoor husbandry and logistics and smart city) ect as in the following.

Table 2 KPI consolidation for inventory 
	Deployment 
	
	 Scenarios
	Max. allowed end-to-end latency
	Communication Service Availability
	Reliability
	User-experienced data rate
	Message Size
	Device density

	Communication Range
	Service area dimension
	Device speed
	Transfer interval
	Positioning service latency
	Positioning service availability
	Positioning Accuracy
	Remark

	






Indoor
	1
	Automated warehousing
	1s
	99%
	NA
	<100/128bits/s 
	96/128 bits
	[NA]
	30m indoors
	NA
	5~10km/h
	NA
	NA
	NA
	2~3 m
	UC#5.1

	
	2
	Medical instrument inventory management and positioning
	hundreds ms level 

	99%
	NA
	<2Kbps

	176bits
	≥1000/km2


	50m Indoor
200m Outdoor

	NA
	Static or walking speed
<6km/h
	NA
	NA
	NA
	NA
	UC5.2	Comment by 徐伟杰: Rapporteur’s comments:
Use case 5.2 include indoor and outdoor communication range, it needs to be confirmed whether it is valid for outdoor.
 Lack of positioning KPI



	
	3
	Automatic Intralogistics in automobile manufacturing
	>100 ms

	99%
	NA
	<1 kbit/s

	96 bits

	<1,5 Million/km2 
	<30 meters
Indoors
	600 000 m2

	NA
	NA
	NA
	NA
	[3] m
	UC#5.5

	
	4
	Airport terminal / shipping port
	>1sec

	99%

	NA
	NA
	256 bits (UL) 
	>100 devices/1km2
	50m
	1-10km2 
	NA
	NA
	NA
	NA
	NA
	UC#5.7


	
	5
	Ambient IoT devices for automated supply distribution
	>10 s
	99%
	NA
	<100 bit/s
	Typically, <100 bytes

	 <1,5 Million/km2
	NA
	600 000 m2
	NA
	NA
	NA
	NA
	[3] m
(Indoor, 90% confidence level and in horizontal)
	UC#5.16


	
	6
	Container logistics in a flower auction
	[<10 s]
	[99,99%]	Comment by 徐伟杰: Rapporteur’s comments:
Do we need a 99.99% Service Availability for this scenario? Similar inventory use cases as others?

	NA
	[5] kbit/s

	[96] bits

	[< 1,3] Million/km2 
	[35] m
Indoors
	[1 700 000] m2

	NA
	NA
	NA
	NA
	NA
	TS#6.1


	
	1 
	Indoor inventory or asset management 
	Typically, second level

	99%
	NA
	<1 Kbps
	96/256 bits
	<1,5 Million/km2
	30~50m indoo
200 outdoor 
	1-10km2
	5~10km/h
	NA
	NA
	NA
	3 m
	UC#5.1, 5.2, 5.5, 5.7, 5.16
TS#6.1

	Outdoor
	7
	Medical instrument inventory management and positioning
	hundreds ms level 

	99%
	NA
	<2Kbps

	176bits
	≥1000/km2


	200m Outdoor

	NA
	Static or walking speed
<6km/h
	NA
	NA
	NA
	NA
	UC5.2	Comment by 徐伟杰: Rapporteur’s comments:
TBD whether it is valid for outdoor


	
	2 
	outdoor inventory or asset management 
	Typically, second level

	99%
	NA
	<1 Kbps
	96/256 bits
	<1,5 Million/km2
	200m 
	1-10km2
	5~10km/h
	NA
	NA
	NA
	Cell-level	Comment by 徐伟杰: Rapporteur’s comments:
Consolidated KPI for outdoor inventory
	




Table 3 KPI consolidation for sensors
	Deployment 
	
	Scenarios
	Max. allowed end-to-end latency
	Communication Service Availability
	Reliability
	User-experienced data rate
	Message Size
	Device density

	Communication Range
	Service area dimension
	Device speed
	Transfer interval
	Positioning service latency
	Positioning service availability
	Positioning Accuracy
	Remark

	







Indoor
	1
	Ambient IoT devices in smart home
	20 s
	99.9 %
	NA
	NA
	8~96bits
	NA
	[10-30]m
Indoors
	NA
	Stationary
	NA
	NA
	NA
	NA
	UC#5.6


	
	2
	BSMR environmental supervision
	1s
	99%
	99.9%
	<1kbit/s 
	NA
	NA
	30m indoors
	NA
	NA
	NA
	NA
	NA
	NA
	UC#5.13	Comment by 徐伟杰: Rapporteur’s comments:
TB further check why we have a high reliability but only 99% availability?



	
	3
	Smart Agriculture
	>1 s
	99.9%
	NA
	 <1 kbit/s
	<1000 bits


	1 per m2
	30-100m
	500-70000 m2 per greenhouse
	static
	1 hour
	NA
	NA
	NA
	UC#5.20


	
	4
	Smart livestock farming (pig barns)
	>10 s
	NA
	NA
	<500 bit/s

	Typically,  
[< 100 bytes]
	850 000 devices / km2
	250 m 
Indoor
	6000 m2
	NA
	15 minutes to half an hour
	NA
	NA
	NA
	UC#5.23


	
	5
	Cows in dairy stable
	1 s
	[99,9%]
	NA
	[< 0.5] kbit/s
	[500] bits
	[< 1] /km2 	Comment by 徐伟杰: Rapporteur’s comments:
TB further check the density, may be too small if <1/km2
	[35] m
Indoors
	[1 800] m2
	NA
	NA
	NA
	NA
	NA
	TS#6.2


	
	1 
	Room envirionment  monitoring
	1-20 s
	99 %
	TBD
	<several 100 bit/s
	 
< 100 bits
	NA
	[10-30]m

	NA
	Stationary
	NA
	NA
	NA
	NA
	UC#5.6, 5.13


	
	2 
	Indoor agriculture and husbandry
	>10 s
	99.9%
	NA
	<1 kbit/s 
	Typically,  
[< 100 bytes]
	1 per m2
	30 – [100] m 

	6000 m2
	NA
	15 minutes to half an hour
	NA
	NA
	NA
	UC#5.20, 5.23, TS#6.2


	







Outdoor
	6
	Remote monitoring of transmission and distribution networks in smart grids
	1 s
	99%
	NA
	< 1kbit/s

	Typically, 
< 100 bytes
	< 10,000 /km2

	Outdoor: typically 50-200 meters
	[several km2 up to 100 000 km2]
	Stationary
	5-15 min
	NA
	NA
	several 10 m
	UC#5.3


	
	7
	Forest Fire Monitor
	> 10sec
	99.9%


	NA

	NA
	NA
	100 per km2
	[15-200] meters
	[10000 –400,000] km2
	static
	1hour
	NA
	NA
	NA
	UC#5.19


	
	8
	Smart dairy farm
	>1 s
	99%
	NA
	<500 bit/s

	Typically, 
[< 100 bytes]
	<5200 devices / km2
	[300 m - 500 m] 
Outdoors
	430000 m2
	NA
	15 min
	NA
	NA
	NA
	UC#5.22


	
	9
	Smart manhole cover remote monitoring
	10 s - 30 s
	99%
	NA
	<1 kbit/s
	Typically,
[< 100 bytes]
	 <1000 devices / km2
	[300 m - 700 m] 
Outdoors

	City wide including rural areas 
	Stationary
	15 min
	NA
	NA
	NA
	UC#5.24


	
	10
	Smart bridge health monitoring
	10 s
	99%
	NA
	<1 kbit/s
	Typically,
[< 100 bytes]
	<1000 devices / km2
	[300 m - 500 m] 
Outdoors
	Along the bridge
	NA
	15 min
	NA
	NA
	NA
	UC#5.25


	
	11
	Smart laundry
	>10 s
	NA
	NA
	<100 bit/s
	Typically, <100 bytes

	20 / 100m2
	NA
	several m2 up to 1000 m2

	NA
	NA
	NA
	NA
	NA
	UC#5.15

	
	12
	Ambient IoT devices for food supply chain	Comment by 徐伟杰: Rapporteur’s comments:
TB further check whether it is an outdoor use case
	>1 minute
	NA
	NA
	<0.12 bit/s 
	Typically, 
< 100 bits
	1.5 Million devices/ km2
	NA
	30,000m2
	NA
	NA
	NA
	NA
	NA
	UC#5.18


	
	3 
	Smart grid
	1 s
	99%
	NA
	< 1kbit/s

	Typically, 
< 100 bytes
	< 10,000 /km2

	Typically 50-200 meters
	[several km2 up to 100 000 km2]
	Stationary
	5-15 min
	NA
	NA
	several 10 m
	UC#5.3


	
	4 
	Outdoor husbandry and logistics
	Typically, > tens of seconds
	99%
	NA
	<500 bit/s

	Typically, 
[< 100 bytes]
	<5200 devices / km2
	[300 m - 500 m] 

	430000 m2
	NA
	15 min
	NA
	NA
	NA
	UC#5.22, 5.18, 5.19


	
	5 
	Smart city
	10 s - 30 s
	99%
	NA
	<1 kbit/s
	Typically,
[< 100 bytes]
	 <1000 devices / km2
	[300 m - 700 m] 

	City wide including rural areas 
	Stationary
	15 min
	NA
	NA
	NA
	UC#5.24, 5.25





Table 4 KPI consolidation for positioning 
	Deployment 
	
	Scenarios
	Max. allowed end-to-end latency
	Communication Service Availability
	Reliability
	User-experienced data rate
	Message Size
	Device density

	Communication Range
	Service area dimension
	Device speed
	Transfer interval
	Positioning service latency
	Positioning service availability
	Positioning Accuracy
	Remark

	
Indoor
	1
	Remote lost item finding (Indoor)
	>5s
	99%
	NA
	NA
	256 bits

	<750 devices/100m2 
	10m 
	NA
	NA
	NA
	NA
	NA
	NA
	UC#5.8	Comment by 徐伟杰: Rapporteur’s comments:
Lack positioning KPI, not considered for KPI consolidation for now.



	
	2
	Finding Items in a home
	NA
	NA
	NA
	NA
	NA
	20 Ambient IoT devices/(100m2)
	10m
IC/PC/OOC
	NA
	Static/ Moving(<1m/s)
	500ms
	NA
	95 %
	100 cm,
10 degree
	UC#5.10	Comment by 徐伟杰: Rapporteur’s comments:
It seems it is Ranging KPI which may be too complicated for ambient IoT. Not considered for KPI consolidation for now.


	
	3
	Personal belongings finding (indoor)
	1 s
	99.9%
	NA
	<1 kbit/s
	<1 kbits
	<5 per 100 m2
	10 m
	<200 m2
	Static
	1 per hour
	1s
	99%
	[1-3] m, 90% availability
	UC#5.12


	
	4
	
Indoor positioning
	0.5 s
	99.9%
	NA
	<1 kbit/s
	96 bits
	2500/ 10000m2
	10 m
	NA
	NA
	NA
	0.5 s
	90%
	3 m
	UC#5.14


	
	5
	Museum guide (indoor)
	[2] s
	99.9%
	NA
	[< 1 kbit/s] UL 
	[96] bits

	[<10,000 /km²]
	[30] m
	[20,000] m²
	[3] km/h
	NA
	NA
	90%
	[3] m
	UC#5.21	Comment by 徐伟杰: Rapporteur’s comments:
TB checke whether it is Ranging Not considered for KPI consolidation for now.



	
	1 
	Indoor positioning
	1s 
	99.9%
	NA
	<1 Kbps
	<1k bits
	25/100 m2
	10m indoors
	200 m2
	Static/NA
	1 per hour
	1s
	95%
	1-3 m, 90% availability
	UC#5.12, 5.14

	outdoor
	4
	Absolute positioning
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	Indoor - up to [5 km/h]
Outdoor - up to [20 km/h]
	NA
	[10 s]
	[95 %]	
	[10 m] Horizontal Accuracy 
[3 m] Vertical Accuracy
	UC#5.9	Comment by 徐伟杰: Rapporteur’s comments:
Other KPI values besides posioniong KPIs needs to be added for consoliation  


	
	5
	Personal belongings finding
(outdoor)
	1 s
	99.9%
	NA
	<1 kbit/s
	<1 kbits

	<10 per 100 m2
	100 m
	Up to the whole PLMN
	Static
	1 per hour
	1 s
	99%
	FFS
	UC#5.12	Comment by 徐伟杰: Rapporteur’s comments:
Postioning KPI FFS 



Table 5 KPI for actuators using ambient IoT
	Deployment 
	
	Scenarios
	Max. allowed end-to-end latency
	Communication Service Availability
	Reliability
	User-experienced data rate
	Message Size
	Device density

	Communication Range
	Service area dimension
	Device speed
	Transfer interval
	Positioning service latency
	Positioning service availability
	Positioning Accuracy
	Remark

	Indoor
	1
	Medical instrument inventory management and positioning
	hundreds ms level 

	99%
	NA
	<2Kbps

	176bits
	≥1000/km2


	50m Indoor

	NA
	Static or walking speed
<6km/h
	NA
	NA
	NA
	NA
	UC#5.11	Comment by 徐伟杰: Rapporteur’s comments:
Need further check whether it shall be under inventory or under Actuator

Not considered for KPI consolidation for now.




	
	2
	Indoors elderly health care scenario
	1 s
	NA
	NA
	<1 kbit/s
	<100 bits
	<20 per 100 m2
	20 m
	<250 m2
	Static
	NA
	NA
	NA
	NA
	UC#5.26


	
	3
	Electronic Shelf Label 
	1s
	99%
	NA
	0.8kbps DL 
	100 Bytes
	FFS
	50m indoors
	15,800 square meters
	stationary
	FFS
	NA
	NA
	NA 
	TS#6.3

	
	1 
	Indoor actuators
	1s
	99%
	NA
	1kbps  
	100 Bytes
	FFS
	50m indoors
	15,800 square meters
	stationary
	FFS
	NA
	NA
	NA 
	UC# 5.26,TS#6.3

	


Outdoor
	4
	Medical instrument inventory management and positioning
	hundreds ms level 

	99%
	NA
	<2Kbps

	176bits
	≥1000/km2


	200m Outdoor

	NA
	Static or walking speed
<6km/h
	NA
	NA
	NA
	NA
	UC#5.11	Comment by 徐伟杰: Rapporteur’s comments:
Need further check whether it shall be under inventory or under Actuator
Not considered for KPI consolidation for now.



	
	5
	Outdoors elderly health care scenario
	1 s
	NA
	NA
	<1 kbit/s
	<100 bits

	<200 per 100 m2
	200 m
	City wide including rural areas
	Static
	NA
	NA
	NA
	NA
	UC#5.26


	
	6
	Ambient IoT controller in smart agriculture
	hundreds
ms level
	99%
	N/A
	NA
	128bit (DL)
	NA
	[500]m
outdoors
	NA
	Static
	NA
	NA
	NA
	NA
	UC#5.30


	
	2 
	Outdoor actuators
	1 s
	99%
	N/A
	<1kbps
	128bit (DL)
	NA
	[500]m
outdoors
	NA
	Static
	NA
	NA
	NA
	NA
	UC#5.26, 5.30




****************Start of Change *************
7.2	Consolidated potential KPIs
7.2.1 KPIs for inventory
Table 7.2.1-1 KPIs for inventory 
	
	 Scenarios
	Max. allowed end-to-end latency
	Communication Service Availability
	Reliability
	User-experienced data rate
	Message Size
	Device density

	Communication Range
	Service area dimension
	Device speed
	Transfer interval
	Positioning service latency
	Positioning service availability
	Positioning Accuracy
	Remark

	1 
	Indoor inventory or asset management 
	Typically, second level

	99%
	NA
	<1 Kbps
	96/256 bits
	<1,5 Million/km2
	30~50m indoo
200 outdoor 
	1-10km2
	5~10km/h
	NA
	NA
	NA
	3 m
	UC#5.1, 5.2, 5.5, 5.7, 5.16
TS#6.1



7.2.2 KPI for sensor

Table 7.2.2-1 KPIs for sensors
	Deployment 
	
	Scenarios
	Max. allowed end-to-end latency
	Communication Service Availability
	Reliability
	User-experienced data rate
	Message Size
	Device density

	Communication Range
	Service area dimension
	Device speed
	Transfer interval
	Positioning service latency
	Positioning service availability
	Positioning Accuracy
	Remark

	Indoor
	1 
	Room envirionment  monitoring
	1-20 s
	99 %
	TBD
	<several 100 bit/s
	 
< 100 bits
	NA
	[10-30]m

	NA
	Stationary
	NA
	NA
	NA
	NA
	UC#5.6, 5.13


	2 
	3 
	Indoor agriculture and husbandry
	>10 s
	99.9%
	NA
	<1 kbit/s 
	Typically,  
[< 100 bytes]
	1 per m2
	30 - 200 m 

	6000 m2
	NA
	15 minutes to half an hour
	NA
	NA
	NA
	UC#5.20, 5.23, TS#6.2


	outdoor
	4 
	Smart grid
	1 s
	99%
	NA
	< 1kbit/s

	Typically, 
< 100 bytes
	< 10,000 /km2

	Typically 50-200 meters
	[several km2 up to 100 000 km2]
	Stationary
	5-15 min
	NA
	NA
	several 10 m
	UC#5.3


	5 
	6 
	Outdoor husbandry and logistics
	Typically, > tens of seconds
	99%
	NA
	<500 bit/s

	Typically, 
[< 100 bytes]
	<5200 devices / km2
	[300 m - 500 m] 

	430000 m2
	NA
	15 min
	NA
	NA
	NA
	UC#5.22, 5.18, 5.19


	7 
	8 
	Smart city
	10 s - 30 s
	99%
	NA
	<1 kbit/s
	Typically,
[< 100 bytes]
	 <1000 devices / km2
	[300 m - 700 m] 

	City wide including rural areas 
	Stationary
	15 min
	NA
	NA
	NA
	UC#5.24, 5.25





7.2.3 KPI for positioning 
Table 7.2.3-1 KPIs for positioning 
	Deployment 
	
	Scenarios
	Max. allowed end-to-end latency
	Communication Service Availability
	Reliability
	User-experienced data rate
	Message Size
	Device density

	Communication Range
	Service area dimension
	Device speed
	Transfer interval
	Positioning service latency
	Positioning service availability
	Positioning Accuracy
	Remark

	Indoor
	1 
	Indoor positioning
	1s 
	99.9%
	NA
	<1 Kbps
	<1k bits
	25/100 m2
	10m indoors
	200 m2
	Static/NA
	1 per hour
	1s
	95%
	1-3 m, 90% availability
	UC#5.12, 5.14




7.2.4 KPI for actuator

Table 7.2.4 KPIs for actuators 
	Deployment 
	
	Scenarios
	Max. allowed end-to-end latency
	Communication Service Availability
	Reliability
	User-experienced data rate
	Message Size
	Device density

	Communication Range
	Service area dimension
	Device speed
	Transfer interval
	Positioning service latency
	Positioning service availability
	Positioning Accuracy
	Remark

	Indoor
	1 
	Indoor actuators
	1s
	99%
	NA
	1kbps  
	100 Bytes
	FFS
	50m indoors
	15,800 square meters
	stationary
	FFS
	NA
	NA
	NA 
	UC# 5.26,TS#6.3

	Outdoor
	2 
	Outdoor actuators
	1 s
	99%
	N/A
	<1kbps
	128bit (DL)
	NA
	[500]m
outdoors
	NA
	Static
	NA
	NA
	NA
	NA
	UC#5.26, 5.30







*******************End of Change*****************

