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Introduction
In the SID, one of the objective is to study enhancements and solutions of Rel-16 positioning techniques. The details are as follows:
1. Study enhancements and solutions necessary to support the high accuracy (horizontal and vertical), low latency, network efficiency (scalability, RS overhead, etc.), and device efficiency (power consumption, complexity, etc.) requirements for commercial uses cases (incl. general commercial use cases and specifically (I)IoT use cases as exemplified in section 3 above (Justification)):
0. Define additional scenarios (e.g. (I)IoT) based on TR 38.901 to evaluate the performance for the use cases (e.g. (I)IoT). [RAN1]
0. Evaluate the achievable positioning accuracy and latency with the Rel-16 positioning solutions in (I)IoT scenarios and identify any performance gaps. [RAN1]	
0. Identify and evaluate positioning techniques, DL/UL positioning reference signals, signalling and procedures for improved accuracy, reduced latency, network efficiency, and device efficiency.
Enhancements to Rel-16 positioning techniques, if they meet the requirements, will be prioritized, and new techniques will not be considered in this case. [RAN1, RAN2]
NOTE 1:	Sidelink is not part of this objective.
NOTE 2:	Involve RAN4 for validating assumptions for the systems evaluations where appropriate.
NOTE 3:	The commercial use cases and requirements are applicable to a limited geographic area.

In this contribution, we discuss the positioning enhancements of Rel-16 positioning techniques about RRC IDLE/INACTIVE positioning and express our opinions.
[bookmark: _Ref490149211]Discussion
In Rel-16, only RRC_CONNECTED positioning is supported. For example, when a UE is periodically localized, it needs to keep in connected state even when it has no other services, or transfer into connected state with the periodicity of the positioning service. In some scenarios such as factory or shopping mall, it is important to enabling poisoning service for UEs in RRC_IDLE/INACTIVE states, as those UEs may be mainly used for positioning and have limited date service.
In addition, power consumption is a foremost parameter since positioning devices are expected to operate for a long time, especially for (I)IoT devices. Nowadays, in [1], the following positioning use cases are defined. Among all the use cases, the use cases requiring low energy or power saving mode include AR, wearables, waste management and UAV. For all these four use cases, it is clear that the devices need to report its position periodically to the network. Take wearable devices as an example, in order to obtain minor or elderly people’s position, wearable devices, such as smart watches, can provide this services, such as tracking, activity monitoring and emergency messages. 

Table 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.



Without supporting idle/Inactive mode positioning, UE needs to switch between connected and idle states frequently, which leads to lots of signalling overhead. If positioning can be performed without entering the connected mode, both the UE power consumption and the signalling overhead could be reduced.
Observation 1: Positioning for UEs in RRC IDLE/INACTIVE state can improve device efficiency and reduce signaling overhead of state switch.

In order to support positioning a RRC IDLE/INACTIVE devices, there are two ways: 1) UE-based positioning method; and 2) UE-assisted positioning method with UE measurement result reporting.
For UE-based positioning, The UE does not need to report measurement result to network, instead calculates the positioning result by himself. Take DL-TDoA as an example, upon the reception of assistance data including PRS configuration, UE can start to measure the DL reference signals (e.g. PRS) from the serving and neighbouring cells to obtain the RSTD. And then UE can calculate the positioning result by itself. Moreover, in Rel-16., it has been support broadcasting assistance data. Thus, this method has weedy change to the spec, and complexity is also very low. In addition, if location request is initiated by the UE – i.e. mobile originated location request (MO-LR) [1], it is usually not needed to report location result to the network. 
If location request is initiated by AMF or location client – i.e. Mobile Terminated Location Request (MT-LR) and Network Induced Location Request (NI-LR) [2], the location results should be report to the network.
[bookmark: _GoBack]For UE-assisted positioning method, UE needs to report its measurement result of the DL reference signals to calculate positioning results in RRC IDLE/INACTIVE state. 
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Observation 2：For positioning of RRC IDLE/INACTIVE UE, only when location request is Mo-LR and the positioning method is UE-based, neither measurement result nor report location result is needed to be reported to the network.

From the above analysis, we know that it is necessary to transmit measurement results or location results to LMF in RRC IDLE/INACTIVE state. At present, Rel-17 small data topic is studying how to support small data transmission in RRC INACTIVE state, which can be used as the baseline for positioning data report. However, small data topic is studying and there is no mature solutions for data transmission. So RRC inactive positioning cannot use the small data transmission solutions as the baseline.
For RRC IDLE UE, the early data transmission (EDT) procedure of NB-IoT can be used as the baseline. However, EDT procedure is not supported in NR. If we want to extend EDT to NR, there is amount of work. And we do not have much time to do this. 
Proposal 1: Only when location request is MO-LR and the positioning method is UE-based, positioning for UEs in RRC IDLE/INACTIVE state is supported in R17.
[bookmark: _Ref528871418]Conclusions
In this contribution, we discuss the positioning enhancements of Rel-16 positioning techniques. Proposals are given as follows:
Observation 1: RRC IDLE/INACTIVE positioning can improve device efficiency and signaling overhead
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Observation 2：For positioning of RRC IDLE/INACTIVE UE, only when location request is Mo-LR and the positioning method is UE-based, neither measurement result nor report location result is needed to be reported to the network.
Proposal 1: Only when location request is MO-LR and the positioning method is UE-based, positioning for UEs in RRC IDLE/INACTIVE state is supported in R17.
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