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Abstract: This discussion paper first summarizes the comments/questions received in previous meeting and provides answers to each question, and then proposes a way forward.
1. Summarized comments in previous SA1#91 meeting
In this section, we first summarize the comments/questions received in last SA1#91 meeting. 
Question#1: 
What are the use cases for high-precision and energy efficiency positioning in industrial environment? Are there any existing use cases in previous studies?
Question#2: 
Whether it is SA1 responsibility to define KPIs for energy efficiency position? If yes, how to define those KPIs?

Question#3: 

What is the justification for the KPIs to be proposed? 
Question#4: 
Whether SA1 already defined the KPIs for high precision and energy efficiency positioning service? If yes, what is the gap?
2. Discussion

In this section, we try to provide answers to each question one by one. 
2.1 Existing industrial use cases related to positioning service
TR 22.804 already captured plenty of industrial use cases for positioning services, as quoted below:

· Clause 5.3.6 Mobile control panels with safety functions

· Clause 5.3.10 Augmented reality

· Clause 5.3.13 Process automation – plant asset management

· Clause 5.3.15 Inbound logistics for manufacturing

· Clause 5.3.18 Flexible, modular assembly area

We highlighted two use cases as both aim to provide positioning services for industrial IoT devices, i.e., power-constrained sensors, thus both high energy efficiency and high precision positioning service is required for this kind of use cases. 
	5.3.13
Process automation – plant asset management

5.3.13.1
Description

To keep a plant running, it is essential that the assets, such as pumps, valves, heaters, instruments, etc., are maintained. Timely recognition of any degradation and continuous self-diagnosis of components are used to support and plan maintenance. Remote software updates enhance and adapt the components to changing conditions and advances in technology. 

The positioning requirements for this use case are mainly based on the typical scenarios where IoT devices (e.g., sensors) are giving insight into process or environmental conditions or inventory of material, asset management or maintenance.



	5.3.13.5
Challenges to the 5G system

Special challenges to the 5G system associated with this use case include the following aspects:

-
potentially harsh propagation environments with many metallic parts (pipes, tanks, supports);

-
potentially high density of UEs;

-
potentially large communication distance over multiple kilometres;

-
high energy-efficiency required in case of battery-driven sensors.



	5.3.18
Flexible, modular assembly area 

	5.3.18.6.4
Positioning requirements in flexible production scenarios
Modular production environments are adaptable to variants of production orders. Modular assembly stations can be added or moved inside the production area. Mobile assets include e.g.: AGV, moveable assembly platforms, portable assembly tools (like screwdriver) and material. Some of positioning related service requirements for this use case can be found in [69].
Reference number

Requirement text

Application / transport

Comment

Factories of the Future18.19

The 5G system shall support an indoor positioning service of autonomous vehicles (only for monitoring proposes) with horizontal positioning accuracy better than 50 cm, 99% availability, latency of 1 s for positioning estimation of a moving UE at a speed up to 30 km/h .

Factories of the Future18.20

The 5G system shall support an indoor positioning service for tracking of tools at the work-place location with horizontal positioning accuracy better than 1 m (relative positioning), 99% availability and latency of 1 s for positioning estimation of a moving UE at a speed up to 30 km/h.



Answer to Question#1: 
Two use cases for high precision and energy efficiency positioning service for industrial environment were already captured in TR 22.804, i.e., Clause 5.3.13 and Clause 5.3.18. Both use cases specified that the positioning service is applied to industrial IoT devices, including sensors, tools and material, thus “high energy-efficiency is required for these battery-driven sensors”.
2.2 Further explanation for existing requirements 
Clause 7.3.2.3 in TS 22.261 captured a requirement which is specific to energy efficiency positioning, based on the work of Rel-17 ATRAC, as quoted below

	7.3.2.3
Other performance requirements

	The 5G system shall support positioning technologies that allow the UE to operate at Service Level 1 for at least 12 years using less than 1800 mWh of battery capacity, assuming multiple position updates per hour. 

NOTE 2:
This requirement aims energy-efficient positioning technologies draining a minimal energy on the UE battery. It derives from use cases, such as asset tracking, with a small form-factor battery representative of an IoT device. This requirement may translate into an energy consumption for the UE’s positioning functions in the order of 20 mJ per fix.

NOTE 3:
This requirement does not preclude the use of higher energy consumption to fulfil higher position update rates than the one above, or other KPIs than those of Service Level 1 (e.g. more accurate service levels).


Table 5.2-2: Communication service performance requirements for industrial wireless sensors
	Characteristic parameter
	Influence quantity
	

	Communica​tion service availability: target value
	Communication service reliability: mean time between failure
	End-to-end latency (note 6)
	Transfer interval

(note 1) (note 7)
	Service bit rate: user experienced data rate

(note 2) (note 7)
	Battery lifetime [year]

(note 3)
	Message

Size

[byte] (note 7)
	Survival time 
(note 7)
	UE speed
	UE density [UE / m²]
	Range

[m]

(note 4)
	Remarks

	99.99 %
	≥ 1 week
	< 100 ms
	100 ms to 60 s
	≤ 1 Mbit/s
	≥ 5
	20

(note 5)
	3 x transfer interval
	stationary
	Up to 1
	< 500
	Process monitoring, e.g. temperature sensor (A.2.3.2)

	99.99 %
	≥ 1 week
	< 100 ms
	≤ 1 s
	≤ 200 kbit/s
	≥ 5
	25 k
	3 x transfer interval
	stationary
	Up to 0.05
	< 500
	Asset monitoring, e.g. vibration sensor (A.2.3.2)

	99.99 %
	≥ 1 week
	< 100 ms
	≤ 1 s
	≤ 2 Mbit/s
	≥ 5
	250 k
	3 x transfer interval
	stationary
	Up to 0.05
	< 500
	Asset monitoring, e.g. thermal camera (A.2.3.2)

	NOTE 1:
The transfer interval deviates around its target value by < ± 25 %.

NOTE 2:
The traffic is predominantly mobile originated.

NOTE 3:
Industrial sensors can use a wide variety of batteries depending on the use case, but in general they are highly constrained in terms of battery size.

NOTE 4:
Distance between the gNB and the UE.

NOTE 5:
The application-level messages in this use case are typically transferred over Ethernet. For small messages, the minimum Ethernet frame size of 64 bytes applies and dictates the minimum size of the PDU sent over the air interface. 

NOTE 6:
It applies to both UL and DL unless stated otherwise.

NOTE 7: 
It applies to UL.


Observation #1: Energy efficiency related KPIs were captured both in TS 22.261 and TS 22.104 thus they are in the scope of SA1. 

This existing requirement actually provided a very good example on how to define energy efficiency related KPIs for positioning in SA1. We would like to give a detailed clarification for this existing requirement as below:

First we may have to admit that simply proposing KPIs of battery life time is meaningless, as three factors would mostly impact the battery life, which are, 

· Battery capacity

· Power consumption for each positioning operation

· And positioning interval (i.e., averaged positioning interval over the battery life-span.)

An simple equation could illustrate the relationship of them:

Battery life time = Battery capacity/(Power consumption for each positioning operation * positioning interval)

In other words, without giving clear numbers for all three factors, simply proposing a quantitative requirement for battery life time (1 year, 5 years or 10 years) will not give any useful information to downstream WGs.
Then following this logic, it can be seen that in this requirement, the battery life time (12 years) was proposed under the constraints of these factors: 

· For “Battery capacity”, which define the total power a UE could have. For this requirement, 1800mWh was given

· For “Power consumption for each positioning operation”, it is not possible for SA1 to give any exact numbers since it highly depends on implementations. However, there is a simple logic - achieving more accurate positioning service would lead to higher power consumption. So from SA1 perspective, positioning accuracy could be a service level requirement that directly impacts the power consumption for each positioning operation. Thus for this requirement, positioning service level 1 was given

· For “Positioning interval”, it defines the number of positioning operations during a given time unit. In this case, “multiple position updates per hour” was given.
Observation #2: The existing requirement in TS 22.261 already provided a good guidance and example on how to define the SA1 requirement for energy efficient positioning. The battery life time shall be given under the constraints of battery capacity, positioning service level and positioning interval. 
Note: the gap analysis for this existing requirement will be given later, at Sec 2.4. 
Answer to Question#2: 
SA1 specification already captured the requirements related to energy efficiency positioning. The existing requirement in TS 22.261 already provided a good guidance and example on how to define the SA1 requirement for energy efficient positioning, i.e., the battery life time shall be given under the constraints of battery capacity, positioning service level and positioning interval. 
2.3 Justification for the KPIs we would like to propose
First, we clarify that we would like to add the KPIs for energy efficiency positioning for the two existing use cases, i.e.: 

· Process automation – plant asset management

· Flexible, modular assembly area in smart factories (for tracking of tools at the work-place location)

The reason to pick them is - they aim at providing positioning service for sensors, tools, and materials, which are mainly power constrained IoT devices. Thus energy efficiency is also essential and critical for these use cases.

For other use cases, e.g., mobile control panel and AGV, we consider these kind of UEs can be recharged more frequently, thus energy efficiency is not very important.
Second, we clarify that we would like to propose our detailed KPIs for energy efficiency positioning according to Observation #2, as below 

· For Battery capacity, we consider these IoT devices, as limited by the size, will use a button battery for power supply. We pick a typical button battery (CR3032) as a basis, of which the battery capacity is 550mAh * 3V = 1650 mWh. This is an assumption thus we will not list it as a KPI
· For Power consumption for each positioning operation, as analysed above, we use the positioning accuracy which is already captured by the table 5.7-1 for both use cases, i.e., service level 3 (< 1m). 
· For positioning interval, currently both use cases didn’t provide clear numbers but we believe this needs to be clarified since the IoT device would move with a relatively high speed (30 km/h, as specified in table). With such speed, if the positioning interval is quite long (e.g., 1 position update every minute), then the IoT device will move ~500 meters between two position updates, which makes it untraceable. 
Then the question is – how to propose an appropriate positioning interval? We consider the UE speed (<30km/h) is the maximum speed, and assume it obeys Gaussian distribution. It means the average speed of UE is 1/4 maximum speed, which approximately equal to 2m/s. Thus, if we set the positioning interval equals to 0.5s, then the derivation of is about 0.5s * 2m = 1m, which can fulfill the requirements of the positioning accuracy. 

As a next step, we also need to consider that the IoT device will not always move. In fact it would stay at a place for most of it life time. When it is stationary, the positioning interval can be set to a long time period, e.g., 30 mins or 1 hour. For simplicity, we assume the time of moving : the time of stay is 1 : 9. As a result, a simple calculation shows that for the whole life time, on average, the positioning interval is 5s. 
· For battery life time, since recharging massive industrial IoT devices would be a great burden for the industry operator, we believe the battery should be able to work at least 1 year under the conditions listed above. 
Answer to Question #3: 
Concluding the points above, we believe the KPI of battery life should be given by combining three factors together, and propose a table to provide a consolidate view:
	Scenario
	Corresponding Positioning Service Level in TS 22.261
	
	Positioning interval
	Battery life time

	Process automation – plant asset management
	Service Level 3
	
	5 seconds

(on average)
	>1 year

	Flexible, modular assembly area in smart factories (for tracking of tools at the work-place location)
	Service Level 3
	
	5 seconds

(on average)
	>1 year


Note that since we made an assumption about the Bettery capacity, so this will not be listed as KPIs
2.4 Gap Analysis 
This section provides a gap analysis between our proposed KPIs and existing KPIs. 
	5.7
Positioning performance requirements

	Table 5.7-1 below lists typical scenarios and the corresponding high positioning requirements for horizontal and vertical accuracy, availability, heading, latency, and UE speed.
NOTE:
The column on "Corresponding Positioning Service Level in TS 22.261" maps the scenarios listed in Table 5.7-1 to the service levels defined in TS 22.261 [2].

Table 5.7-1: Positioning performance requirements

Scenario

Horizontal accuracy

Availability

Heading

Latency for position estimation of UE

UE Speed

Corresponding Positioning Service Level in TS 22.261

Mobile control panels with safety functions (non-danger zones)
< 5 m 

90 %

N/A

< 5 s

N/A

Service Level 2

Process automation – plant asset management

< 1 m

90 %

N/A

< 2 s

< 30 km/h

Service Level 3

Flexible, modular assembly area in smart factories (for tracking of tools at the work-place location)

< 1 m (relative positioning)

99 %

N/A

1 s

< 30 km/h

Service Level 3

Augmented reality in smart factories
< 1 m

99 %

< 0,17 rad 

< 15 ms

< 10 km/h

Service Level 4
Mobile control panels with safety functions in smart factories (within factory danger zones)

< 1 m

99,9 % 

< 0,54 rad

< 1 s

N/A

Service Level 4
Flexible, modular assembly area in smart factories (for autonomous vehicles, only for monitoring proposes)

< 50 cm

99 %

N/A

1 s

< 30 km/h

Service Level 5
Inbound logistics for manufacturing (for driving trajectories (if supported by further sensors like camera, GNSS, IMU) of indoor autonomous driving systems))

< 30 cm (if supported by further sensors like camera, GNSS, IMU) 

99,9 %

N/A

10 ms

< 30 km/h

Service Level 6
Inbound logistics for manufacturing (for storage of goods)

< 20 cm

99 %

N/A

< 1 s

< 30 km/h

Service Level 7


	


Observation #3: Clause 5.7 in TS 22.104 captured the positioning performance requirements for both highlighted use cases, but energy efficiency aspects were not addressed yet in TS 22.104.
	7.3.2.3
Other performance requirements

	The 5G system shall support positioning technologies that allow the UE to operate at Service Level 1 for at least 12 years using less than 1800 mWh of battery capacity, assuming multiple position updates per hour. 

NOTE 2:
This requirement aims energy-efficient positioning technologies draining a minimal energy on the UE battery. It derives from use cases, such as asset tracking, with a small form-factor battery representative of an IoT device. This requirement may translate into an energy consumption for the UE’s positioning functions in the order of 20 mJ per fix.

NOTE 3:
This requirement does not preclude the use of higher energy consumption to fulfil higher position update rates than the one above, or other KPIs than those of Service Level 1 (e.g. more accurate service levels).


Though the requirement does not provide a clear number for positioning interval (it says “assuming multiple position updates per hours”), based on the requirements and the assumption (20mJ per fix) in Note 2, a calculation can be done to derive positioning interval as below. 

· 1mWh = 3,600mJ thus 1,800mWh = 6,480,000mJ

· So in total the battery capacity will support 324,000 positioning updates (6,480,000/20)
· To be able to work at least 12 years, only 3 position update per hour is allowed (324000/12 years/365 days/24 hours), i.e., on average, the UE can do 1 position update every 20 mins. 
Observation #4: Based on the above calculation, a table is given to provide a clear view for the existing energy efficiency related KPIs for positioning 

	Scenario
	Corresponding Positioning Service Level in TS 22.261
	Battery capacity
	Positioning interval
	Battery life time

	Asset tracking
	Service Level 1
	1800mWh
	20 mins
(in average)
	>12 years


According to this table, if we change the positioning interval to 5 seconds, while keeping all other conditions unchanged, then the battery life time significantly reduced to 12/(20*60/5) = 0.05 year, i.e., less than three weeks. 

Observation #5: if the positioning interval changes to 5 seconds, the existing requirement cannot fulfil the demands of industrial use cases.
Answer to Question#4: 
The use case 5.13.3 in TR 22.804 already indicated that high energy efficiency positioning for industrial IoT devices is a special challenge for 5G system, however, so far it has not proposed any requirements/KPIs related to energy efficiency aspects in TR 22.804 or TS 22.104. 

Although the existing requirement in TS 22.261 already specified a long battery life time (12 years), it aims to only service level 1 (positioning accuracy ~ 10m) and it limits the update frequency of positioning service (1 position update every 20mins), which cannot fulfil the demands of industrial use cases.
3. Proposal
Proposal #1: 3GPP SA1 should take the responsibility and start the work to specify the energy efficiency requirements for high precision positioning service for industrial use cases.
Proposal #2: using a Rel-18 WI + CR to propose the KPI table below in TS 22.104.

	Scenario
	Corresponding Positioning Service Level in TS 22.261
	
	Positioning interval
	Battery life time

	Process automation – plant asset management
	Service Level 3
	
	5 seconds

(in average)
	>1 year

	Flexible, modular assembly area in smart factories (for tracking of tools at the work-place location)
	Service Level 3
	
	5 seconds

(in average)
	>1 year


