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1. [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
Rel-16 has completed the end-to-end protocols for NR positioning for general indoor and outdoor cases [1]. Rel-17 is mainly to enhance the accuracy and latency for IIOT scenarios. The targets of Rel-17 is to reach accuracy of 0.2m@90% (in some cases the target is relaxed to 0.5m@90%) and the E2E latency of 10~100ms [2]. 
In Rel-18, we propose to study and specify NR low power high accuracy positioning (LPHAP) to support battery life up to one year while keeping high positioning accuracy. Other NR positioning enhancements are also discussed.
2. Low power high accuracy positioning (LPHAP)
2.1	Motivation
Third-party report [4] shows that the market size for real-time localization system (RTLS) is expected to grow from USD 3.4 billion in 2020 to USD 10.3 billion by 2025, and RTLS dominated by short range technologies such that Ultra-wideband (UWB) may occupy 26% of the market. The existing short range technologies (e.g. UWB, Bluetooth Low Energy, Wi-Fi) can provide low power consumption devices with battery life ranging from weeks to one year or even more while keeping accuracy in several meters or sub-meter level. Table 1 summarizes the comparisons of the wireless positioning systems in terms of accuracy, power consumption and cost, which motivates further enhancements to NR positioning so as to be more competitive in the positioning market. 
[bookmark: _Ref73522787]Table 1: Comparison of existing wireless positioning systems
	
	LTE
	NR R17
	UWB
	BLE
	Wi-Fi

	Accuracy
	~20 m
	<0.5 m
	10~30 cm
	 5 m
	~1 m

	Device power consumption
	High (days)
	High (days)
	Low (years)
	Low (years)
	Medium (weeks)

	Device cost
	High 
	High 
	Medium
	Low
	Medium



3GPP has already identified the positioning use cases to be supported by 5GS [7] and defined the positioning service requirements for general 5G system and for vertical in TS 22.261 [8] and TS 22.104 [9], respectively. For cases of massive asset tracking, AGV tracking in industrial factory and person localization in danger zones (Figure 1) with requirement of high accuracy, extreme low power consumption with battery life sustainable up to one or more years is also strongly desirable. This is because it is either impractical or costly to replace device battery frequently in such industrial IoT cases. 
Although requirements for a long battery lifetime have been defined in TS 22.261 for the cases of asset tracking, the KPI only corresponds to low accuracy positioning (i.e., service level 1, positioning accuracy ~ 10m) and relatively high energy consumption (i.e., 20mJ per position fix). Such high energy consumption per positioning fix cannot fulfil the needs derived from those concerned industrial use cases. Therefore, recently SA1 approved a WI with the objective to specify the requirements on LPHAP service for industrial IoT scenarios [3].
[image: ]
[bookmark: _Ref73200971]Figure 1: Use case of person localization in danger zones [10].
From the RAN side, NR positioning in either Rel-16 or Rel-17 had no study to evaluate whether a device can support low power consumption with battery life up to one or more years. Rel-17 NR positioning has evaluated the power consumption of RRC_IDLE/INACTIVE state positioning and the results show that the device can save up to 40% power for positioning in RRC_IDLE/INACTIVE state [2] compared to that in RRC_CONNECTED state. However, the result is preliminary and cannot provide insight into the UE battery life. 
2.2	Use cases
The SA1#94 meeting in May 2021 approved the use cases and requirements of LPHAP [5], and eight use cases have been adopted in section A.7.2 of [9], including
1) Process automation: Dolly tracking (outdoor).
2) Process automation: Asset tracking.
3) Flexible modular assembly area: Tool tracking in flexible, modular assembly areas in smart factories.
4) Process automation: Sequence container (Intralogistics).
5) Process automation: Palette tracking (e.g. in turbine construction).
6) Flexible modular assembly area: Tracking of workpiece (in- and outdoor) in assembly area and warehouse.
7) Flexible modular assembly area: Tool assignment (assign tool to vehicles in a production line, left/right) in flexible, modular assembly area in smart factories.
8) Flexible modular assembly area: Positioning of autonomous vehicles for monitoring purposes (vehicles in line, distance 1.5 meter).
[bookmark: _GoBack]In those use cases, e.g. asset tracking, the service that requires the device to offer is its location with a variety of horizontal accuracy targets, while communication capability can be minimized which is meant to support positioning related functions, including UE initial access, network/security authentication, synchronization, and battery volume reporting if needed. The total energy needed is thus a combination of energy for positioning, energy for synchronization/communication, and a factor difficult to predict that takes additional loss into account.
Table 2 summarizes the required operation time of the 5G enabled IoT device and duty cycle of the updated position information for those use cases. The service requirements are classified into eight use cases where use cases 7 and 8 have stringent targets in both accuracy and power consumption. Based on the results in SA1, Rel-18 NR positioning can select a reasonable subset of use case(s) and target(s) to study LPHAP.
[bookmark: _Ref73346019]Table 2: LPHAP use cases [9]
	Use Case #
	Horizontal accuracy
	Corresponding service level (22.261)
	Positioning interval/ duty cycle
	battery life time/ minimum operation time

	1
	10 m
	Service Level 1
	on request
	24 months

	2
	2 m to 3 m
	Service Level 2
	< 4 seconds
	> 6 months

	3
	< 1 m
	Service Level 3
	no indication
	1 work shift - 8 hours (up to 3 days, 1 month for inventory purposes)

	4
	< 1 m
	Service Level 3
	1 second
	6 - 8 years

	5
	< 1 m
	Service Level 3
	5 seconds - 15 minutes
	18 months

	6
	< 1 m
	Service Level 3
	15 s to 30 s
	6 - 12 months

	7
	30 cm
	Service Level 5
	250 ms
	18 months

	8
	30 cm
	Service Level 5
	1 second
	6 - 8 years (no strong limitation in battery size)



Proposal 1: Consider low power high accuracy positioning (LPHAP) to support battery life of at least one year based on the SA1 LPHAP use cases in Rel-18.

2.3	Technical approaches
To support the LPHAP requirements in Section 2.2., the key issue in Rel-18 is to reduce the power consumption without degrading the positioning accuracy. There are three potential techniques identified to reduce the device power consumption compared to Rel-17 UE eMBB positioning.
First, reducing the UE channel bandwidth (for communication) allows reducing the power for communication purposes and save baseband cost by reducing the peak rate requirements. Second, enhancing mobility reduces the time for communication purposes, e.g. connection resumption. Both targets allow reducing the energy needed for communication. Third, reducing the UE power in the “sleep state” extends the stand-by period when UE is not performing positioning and communication.
2.3.1	Decoupled Communication and Positioning bandwidth
The accuracy of NR positioning techniques (e.g. DL-TDOA, UL-TDOA, and multi-RTT) are mainly relying on the large bandwidth of reference signals for positioning (e.g. SRS, PRS). On the other hand, a low power device would benefit from very minimum communication capabilities for accessing the network and getting the configuration to support positioning as mentioned section 2.2. Narrowing channel bandwidth and reducing transmission power are verified to be efficient methods to achieve low power consumption according to the power saving analysis in TR 38.840. Thus, the minimum communication capability and transmission power should be studied for LPHAP.
LPHAP is expected to support narrow DL/UL channel bandwidth and large bandwidth of SRS/PRS simultaneously, so that the device can work in a narrowband mode for DL/UL communications with low power consumption and work in large bandwidth of PRS/SRS for positioning with high accuracy. Switching time should be reserved to allow for device switching between the two work modes. Figure 2 illustrates the LPHAP in two working modes.
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[bookmark: _Ref73346046]Figure 2: LPHAP BW adaptation in UE side

2.3.2	Mobility enhancement
Rel-17 is working on RRC_INACTIVE positioning with UL and UL+DL positioning [6]. However, supporting positioning in RRC_INACTIVE state is not enough to achieve the goal of long battery life of one or more years. The mobility issue really matters and is worth further optimization. 
For instance, when UE accesses a new gNB with connection resumption due to mobility, typically, network releases the SRS allocated in the source gNB and configures a new SRS configuration to the UE, so that UE can continue transmitting SRS. However, the time delay of UE re-entering RRC_CONNECTED to get a new RS configuration could be long since all of the target gNB, the source gNB, AMF, and LMF need to exchange the UE context for updating the SRS configuration, which will result in less sleep time and more power consumption for UEs. 
Avoiding the re-configuration procedure could help save UE power, and defining a positioning area (PA) is one method to do that. Within the same PA, UE can keep the SRS configuration for positioning when moving across multiple cells in the same PA as shown in Figure 3.
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[bookmark: _Ref73202205]Figure 3 Illustration of positioning area (non-overlapping case)

2.3.3	Ultra deep sleep
Keeping UE in the “sleep state” as long as possible and reducing the power consumption of the “sleep state” are the most straightforward ideas for UE to save power. UE power consumption evaluation in [11] takes a basis of “deep sleep” with assumption of 1 power unit per slot along with 20ms transition time and 450 power unit during the transition time. However, such “deep sleep” state is not sufficient to support the long battery life required by LPHAP, and even lower power consumption in an “ultra-deep sleep” state should be targeted.
The evaluation methodology with an “ultra-deep sleep” state should be studied to support the long battery life requirement. Moreover, the impact of such “ultra-deep sleep” state on the transition time and the operations for UE to transit to and from such a state can also be investigated. Similar design has been verified by the existing UWB product according the data sheet from Decawave [12], where the supply current in “DEEP SLEEP” mode can be less than one millionth of the supply current in normal operation.

In summary, we have following proposal to enable LPHAP.
Proposal 2: For supporting LPHAP in Rel-18, the following aspects are considered:
· Decoupled communication bandwidth and positioning bandwidth.
· Mobility enhancement for UL and DL+UL in RRC_IDLE/INACTIVE state.
· Ultra-deep sleep mode.

3. Other NR positioning enhancements
Regarding the positioning accuracy enhancement, Rel-17 SI has identified the benefit of PRS/SRS intra-band contiguous CA for accuracy enhancement [2].  Simulations results in [2] show that UL-TDOA in InF-DH scenario can improve the accuracy from 0.5m@90% with 100MHz band to <0.2m@90% by aggregating two contiguous bands of 100MHz.
	Agreements in the conclusion section of TR 38.857:
-	Simultaneous transmission by the gNB and aggregated reception by the UE of intra-band one or more contiguous carriers in one or more contiguous PFLs
-	Simultaneous transmission by the UE and aggregated reception by the gNB of the SRS for positioning in multiple contiguous intra-band carriers



Aggregating a contiguous spectrum for coherent transmission and reception of PRS/SRS with larger than 100MHz in FR1, e.g., 160MHz in 2.515GHz – 2.675GHz, and 200MHz in 3.4GHz – 3.6GHz, can effectively improve positioning accuracy. For practical IIoT deployment, enabling PRS/SRS frequency aggregation for NR positioning enhancement in Rel-18 is crucial to reach the 0.2m accuracy target so as to be competitive under the 7GHz indoor positioning market.
During the Rel-17 NR positioning SI, it was not discussed in RAN4 whether ensuring phase coherency across multiple CCs is feasible. Rel-18 should consider the feasibility from RAN4.
Proposal 3: For enhancing positioning accuracy, specify simultaneous transmission and reception of PRS/SRS in multiple intra-band contiguous carriers in Rel-18 once the feasibility is confirmed by RAN4.

4. Conclusions
In this contribution, we discussed the NR LPHAP and other NR positioning enhancements for Rel-18. The proposals are summarized as follows.
Proposal 1: Consider low power high accuracy positioning (LPHAP) to support battery life of at least one year based on the SA1 LPHAP use cases in Rel-18.
Proposal 2: For supporting LPHAP in Rel-18, the following aspects are considered:
· Decoupled communication bandwidth and positioning bandwidth.
· Mobility enhancement for UL and DL+UL in RRC_IDLE/INACTIVE state.
· Ultra-deep sleep mode.
Proposal 3: For enhancing positioning accuracy, specify simultaneous transmission and reception of PRS/SRS in multiple intra-band contiguous carriers in Rel-18 once the feasibility is confirmed by RAN4.

5. References
[1] [bookmark: _Ref72509518]TR 38.855, Study on NR positioning support, 2019-03.
[2] [bookmark: _Ref72509536][bookmark: _Ref73201095]TR 38.857, Study on NR positioning enhancements, 2021-03.
[3] [bookmark: _Ref73344307]SP-210216, New WID on Low Power High Accuracy Positioning for industrial IoT scenarios, 2021-03.
[4] [bookmark: _Ref72510506]Real time location systems (RTLS) market - Global forecast to 2025, available at the website https://www.marketsandmarkets.com/Market-Reports/real-time-location-systems-market-1322.html
[5] [bookmark: _Ref72747485]S1-210366, Adding energy efficiency use cases for positioning to the ANNEX A, 2021-03.
[6] [bookmark: _Ref73181793]RP-210903, NR Positioning Enhancements, 2021-03.
[7] [bookmark: _Ref73199278]TR 22.872, Study on positioning use cases, 2018-09.
[8] [bookmark: _Ref73199328]TS 22.261, Service requirements for the 5G system, 2021-03.
[9] [bookmark: _Ref73199333]TS 22.104, Service requirements for cyber-physical control applications in vertical domains, 2021-03.
[10] [bookmark: _Ref73200957]S1-203189, Motivation on low-power and high-precision positioning for personnel management in vertical domain, 2020-08.
[11] [bookmark: _Ref73717142]TR 38.840, Study on User Equipment (UE) power saving in NR, 2019-06.
[12] [bookmark: _Ref73717152]DW1000 IEEE802.15.4-2011 UWB Transceiver
image1.png
Skilled employee unskilled employee

Skilled employee

No movement
for more than
5 minutes

High risk area in industry environment High risk area in industry environment
Tracking the movements of employees Monitoring the real-time status of the employee
¢ only skilled/authorized employees * To detect any abnormal behaviours pattern in

are allowed to enter the high risk order to avoid danger

arca




