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1 Introduction

A new study item on “Study on NR positioning support” was approved in RAN#80 [1] and the following agreements were made in RAN1#95 [2] and RAN1#Ad-Hoc 1901 [3].

Agreement:
· Combination of DL, UL and DL + UL techniques can be used for NR positioning
· Combination of RAT-dependent and RAT-independent techniques can be considered for NR positioning

Agreement:
Further study whether it is beneficial to support and if so, how to support, NR based positioning for UEs in RRC-IDLE and/or RRC-INACTIVE states

Note: This involves RAN2 aspects

In this contribution, we discuss two issues. One is RRC IDLE/INACTIVE state positioning and another issue is the feasibility of UE based positioning. 
2 NR positioning in RRC-IDLE/RRC-INACTIVE state
In LTE, UE needs to be in RRC-CONNECTED state to receive positioning reference signals and perform positioning function. In NR, due to the fact that some devices are of low complexity and require low energy consumption, RRC-IDLE state positioning is discussed. Since PRS can be periodic, the wakeup periodicity of the UE can be matched with PRS periodicity so that when UE wakes up, it can potentially measure PRS without entering RRC-CONNECTED state. However, positioning in RRC-IDLE state has following issues.
Firstly, there is no UE reporting in RRC-IDLE state since UL link is not established. It has two implications: 1) only UE based positioning is feasible since network based positioning requires UE reporting of the measurements; and 2) network cannot know the UE position without UE reporting. In [4], the following use cases are defined.
Table 6.1-1 – Use cases synthesis

	Use cases
	Potential requirements per use cases

	
	Environment of Use
	Position Accuracy
	Velocity
	Avail.
	Update rate or interval
	TTFF
	Latency
	Other KPI

	5.2.1
	Bike sharing
	5G positioning service area - Outdoor
	2m Horizontal
	
	90 %
	
	10s
	1s
	

	
	
	Enhanced positioning area - Outdoor
	0.2m Horizontal
	
	99 %
	
	10s
	1s
	

	5.2.2
	Augmented Reality
	Outdoor - 5G positioning service area
	1-3m Horizontal
0.1-3m Vertical
	2 m/s
 10deg.
	80 %
	1 - 10 Hz
	10s
	1s
	Low Energy

	5.2.3
	Wearables
	5G positioning service area - -Outdoor/Indoor
	2m Horizontal
1-3m Vertical
	
	90 %
	30s - 300s
	10s
	
	Power saving mode

	
	
	5G positioning service area - -Outdoor/Indoor
	2m Horizontal
1-3m Vertical
	
	99 %
	1s - 30s
	10s
	1s
	Normal mode

	5.2.4
	Advertisement push
	5G positioning service area - -Outdoor/Indoor
	3m Horizontal
3m Vertical
	
	90 %
	
	
	60s
	

	5.2.5
	Flow management
	Enhanced positioning- Outdoor/Indoor
	10m Horizontal
	
	80 %
	10s
	10s
	
	

	5.3.1
	Person and medical equipment location in Hospital
	Enhanced positioning- Outdoor/Indoor
	3m Horizontal
2m Vertical
	
	99 %
	
	
	60s
	

	5.3.2
	Patient location
(outside Hospital)
	5G positioning service area 
Outdoor/Indoor
	10m Horizontal
3m Vertical (floor)
	
	99 %
	
	
	
	

	5.3.3
	Trolley
	Enhanced positioning- Outdoor/Indoor
	0.5m Horizontal
1-3m Vertical
	
	99 %
	
	
	20ms
	

	5.3.4
	Waste management
	5G positioning service area - Outdoor
	3m Horizontal
	
	99 %
	2h - 1 day
	
	60s
	Very low energy (15 years)

	5.4.1
	Emergency call
	5G positioning service area 
Outdoor/Indoor
	50m Horizontal
3m Vertical
	
	95 %
	
	30s
	60s
	Reliability/
Confidence

	5.4.2
	Accurate Positioning for First Responders
	Outdoor
	1m Horizontal, 
0.3 m Vertical
	
	98 %
	
	10s
	5s
	MCX Confidence
Event-triggered report

	
	
	Indoor
	1m Horizontal, 
2 m Vertical
	
	95 %
	
	10s
	1s
	

	5.4.3
	Alerting nearby emergency responders
	5G positioning service area Outdoor/Indoor
	50m Horizontal

3m Vertical (floor)
	
	99%
	
	10s
	
	Privacy, scalability, cross operator

	5.4.4
	Emergency equipment loc. outside hospitals
	5G positioning service area Outdoor/Indoor
	10m Horizontal

3m Vertical (floor)
	
	95%
	
	10s
	
	Extended sleep periods

	5.5.1
	Traffic Monitoring & Control
	5G positioning service area - Outdoor
	1-3m Horizontal
2.5m Vertical
	
	95 %
	10 Hz
	10s
	30ms
	Antispoofing
Antitampering

	5.5.2
	Road User Charging
	5G positioning service area - Outdoor
Enhanced positioning-Tunnels
	<1m (across track)
3m (along track)
	2 m/s
	99 %
	1 Hz
	10s
	
	Antispoofing
Antitampering

	5.6.1
	Asset tracking and management
	5G positioning service area - Outdoor
	10-30m Horizontal
	5 m/s
	99 %
	300s-1day
	
	
	20 mJ/fix (average), Antispoofing, Antitampering, support for "out of coverage" positioning

	
	
	Enhanced positioning - Outdoor
	1m Horizontal
	
	99 %
	1s
	1s in enhanced positioning area
	
	

	5.7.1
	UAV

(Data analysis)
	5G positioning service area - Outdoor
	0.1m Horizontal
0.1m Vertical
	0.5 m/s
2 deg.
	99 %
	
	10s
	
	Low Energy, Antispoofing, Antitampering

	5.7.2
	UAV (Remote control)
	5G positioning service area - Outdoor
	0.5m Horizontal
0.3m Vertical
	
	99 %
	
	
	150ms
	Antispoofing
Antitampering

	
	
	Enhanced positioning area - Outdoor
	0.5m Horizontal
0.1m Vertical
	
	99.9 %
	
	
	150ms
	Antispoofing
Antitampering

	5.8.1
	Support multiple different location service
	5G positioning service area - Outdoor
	2m Horizontal
	
	90 %
	
	10s
	1s
	Management of different KPI and positioning services

	
	
	Enhanced positioning area - Indoor
	0.1m Horizontal
	
	99 %
	
	10s
	1s
	

	5.8.2
	Support location method negotiation
	5G positioning service area Outdoor/Indoor
	
	
	
	
	
	
	Support + negotiation of positioning methods (incl. hybrid)

	Note: most use cases also feature potential requirements on modes of operation, intended for the UE, the Network or for the 5G system.


Among all use cases, the use cases requiring low energy or power saving mode include AR, wearable, waste management and UAV. For all these four use cases, it is clear that the devices need to report its position to the networks. Taking waste management as an example, the connected bins can be configured to send a message when they are full and trucks and vehicles in charge of the waste collection are equipped with positioning to locate these bins. It means the connection bins still need to report their location to the network and then the network conveys such information to the trucks and vehicles. Such procedure requires the devices to be in RRC-CONNECTED state. Allowing the devices to do positioning in RRC-IDLE state is actually redundant since the positioning can be done when the device positioning is triggered and required to be reported and therefore the devices need to move to RRC-CONNECTED state for UL transmission.
Secondly, as aforementioned, only UE based positioning can be applied without UE reporting, positioning algorithm needs to be implemented in UE side and such algorithms can be quite complicated and require high energy consumption. In this regard, the overall energy consumption might not be reduced.
Finally, in RRC-INACTIVE state the context information is maintained by the UE and it is expected that the UE remains in the same location or with very low mobility. In such a case, the update rate for UE positioning can be extremely low so that the energy consumption for RRC-CONNECTED positioning can also be very low. 
Observation 1: Low energy consumption can not be achieved by RRC-IDLE/INACTIVE state positioning.
3 Network based and UE based NR positioning

The DL only positioning schemes, e.g., OTDOA, can either be network based or UE based. For network based positioning, the UE does the measurements and reports the measurements to the network so that the network can calculate the UE position based on the reported measurements. On the contrary, for UE based positioning, the UE not only does the measurements but also implements positioning algorithms to calculate UE position and then report the UE position to the networks when needed. Compared with the network based positioning, the benefits of UE based positioning include less reporting overhead and energy consumption since only position is reported and potentially smaller measurement metric quantization error. However, rather complicated positioning algorithms need to be implemented in the UE, which increases the UE complexity and energy consumption. From energy consumption perspective, there is a trade-off between UE reporting energy consumption and UE running positioning algorithms energy consumption. 
Observation 2: For UE based positioning, overhead, energy consumption, and quantization error for measurement reporting can be reduced but UE complexity and energy consumption for implementing positioning algorithm might be increased compared with network based positioning.
4 Conclusions 

In this contribution, we discussed RRC IDLE/INACTIVE state positioning and the feasibility of UE based positioning. Our observations and proposals are summarized as below.

Observation 1: Low energy consumption can not be achieved by RRC-IDLE/INACTIVE state positioning.

Observation 2: For UE based positioning, overhead, energy consumption, and quantization error for measurement reporting can be reduced but UE complexity and energy consumption for implementing positioning algorithm might be increased compared with network based positioning.
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