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Introduction
For Rel-18, study on expanded and improved NR positioning was approved and followings were captured in SID [1]. 
	· Improved accuracy, integrity, and power efficiency:
· Study solutions for Integrity for RAT dependent positioning techniques [RAN2, RAN1]:
· Identify the error sources, [RAN1, RAN2].
· Study methodologies, procedures, signalling, etc for determination of positioning integrity for both UE-based and UE-assisted positioning [RAN2]
· Focus on reuse of concepts and principles being developed for RAT-Independent GNSS positioning integrity, where possible.
· Study solutions for accuracy improvement based on PRS/SRS bandwidth aggregation for intra-band carriers considering e.g. timing errors, phase coherency, frequency errors, power imbalance, etc [RAN4]:
· Study solutions for accuracy improvement based on NR carrier phase measurements [RAN1, RAN4]
· Reference signals, physical layer measurements, physical layer procedures to enable positioning based on NR carrier phase measurements for both UE-based and UE-assisted positioning [RAN1]
· Focus on reuse of existing PRS and SRS, with new reference signals only considered if found necessary
· Study the requirements on LPHAP as developed by SA1 and evaluate whether existing RAN functionality can support these power consumption and positioning requirements. Based on the evaluation, and, if found beneficial, study potential enhancements to help address any limitations [RAN2, RAN1]
· Study is limited to a single representative use case (use case 6 as defined TS 22.104). The choice of selected use case can be reviewed at the start of the study.
· Study is limited to enhancements to RRC_INACTIVE and/or RRC_IDLE state



In this contribution, we discuss LPHAP as developed by SA1 and provide potential enhancements that needs to be discussed/studied from the RAN1’s point of view. 

Requirements for LPHAP
According to SID, only use case 6 from the below table is considered during the SI. 
	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)

	9
	10 m
	Service Level 1
	20 minutes
	12 years (@20mJ/position fix)


The use case 6 represents tracking of workpiece (in- and outdoor) in assembly area and warehouse. Regarding the use case, it is discussed in three aspects, i.e., accuracy, positioning interval and battery life time.
From perspective of high accuracy (< 1 m), sub-meter level of accuracy is required. The simplest way to achieve higher accuracy is to configure larger positioning BW. Also, it can be considered to use denser resources of PRS and SRS for high accuracy. However, it should be noted that time domain window for PRS/SRS for inactive state UEs was not introduced in Rel-17. Therefore, inactive state UE consumes more power as denser PRS/SRS resources are configured. In addition, it would not be desirable from network resource efficiency perspective. Another point of view is that precise SRS power control would be useful for high accuracy positioning while saving UE power consumption. Unfortunately it cannot be applied without further enhancement since the only open loop power control is currently supported for UEs in RRC inactive state. 
For positioning interval/duty cycle (from 15s to 30s), relaxed positioning measurement or report can be configured, which would be useful for power saving. If so, UE does not need to measure or report frequently. Instead, configuring burst PRS/SRS resources would be useful from accuracy perspective. So, it seems to be required to evaluate whether the current PRS/SRS resource configuration has limitation for the burst transmission with longer periodicity which can fulfill the requirements of the cycle and accuracy.  
Although the battery life time (6 - 12 months) for use case 6 is no longer than other use cases for LPHAP, maintaining the battery for several months is still a challenge. To enhance the power efficiency for the positioning, it is important to reduce unnecessary procedure and/or configuration properly. Moreover, to achieve the power consumption reduction while preserving the target accuracy level, adaptive/dynamic control would be required.
The positioning in RRC inactive state was introduced in Rel-17, however performance evaluation including power consumption and accuracy has not yet been studied. Thus, performance analysis of the positioning in inactive state is required to understand whether the requirement for LPHAP that discussed above can be satisfied by a current spec. The discussion on potential enhancements should be done after the evaluations and the performance analysis of them which enables to obtain observation on any possible limitations to be addressed.

Proposal #1: 
· Evaluate and check whether the current specification on positioning for inactive state UE can satisfy the requirement on LPHAP use case 6. 

Discussion on LPHAP Enhancements
As discussed above, it might be challenging to satisfy power consumption requirement while achieving sub-meter level accuracy. To support LPHAP use case, following enhancement for inactive state UE positioning could be considered.  
RRC inactive state
Before beginning the discussion on the details of enhancement, current supported major functionalities in RRC inactive state needs to be investigated. One of the distinguishable property is, there are lots of periodic DL signals/channels such as SSB/SIBs/paging/SDT. Property of the periodic DL signals/channels would be beneficial from UE power saving perspective; UE need to wake up only when periodic DL signals/channels are expected. Addition to that, it is hard to provide UE dedicated signalling. In general most of signals/channels are broadcasted to idle/inactive UEs. Other than broadcasting channel, SDT was introduced in Rel-17 for inactive state data transmission.

Based on the discussion above, potential enhancement for LPHAP can be studied and discussed as follow:
Time domain enhancements 
In Rel-17, gNB currently needs to transmit all of configured PRS to inactive state UEs therefore the configured PRS resources cannot be used for other DL signals/channels. For higher accuracy, configuring the shorter periodicity and/or the larger repetition on PRS/SRS resources could be used, but resource and power efficiency should be considered.. It would cause negative consequences in terms of resource utilization and power consumption at gNB. Additionally, without any restrictions on PRS reception and SRS transmission, more UE power consumption will be increased since it should be wake up at every configured PRS/SRS resources. To overcome this problem, time domain restriction for the actual PRS reception and SRS transmission for positioning can be considered. For example, introducing enhanced time domain widow in consideration of DRX cycle could be considered. 

Observation #1: 
· For LPHAP, following issues should be considered from a time domain perspective:
· For higher accuracy, configuring the shorter periodicity and/or the larger repetition on PRS/SRS resources could be used, but it costs of UL/DL resources and UE power.
· The time domain window is not supported for inactive state UE in Rel-17.

Frequency domain enhancements
In Rel-17, depending on UE capability, additional BWP for positioning SRS can be configured and, some parameters such as center frequency, SCS, CP type can be configured differently from the initial UL BWP. For LPHAP, it would be useful to configure larger BWP for positioning compare to the initial BWP. However, BWP switching operation only for the purpose of SRS transmission is not preferable for LPHAP UEs, since the other UL procedures, including RACH and SDT are conducted in initial BWP. If SRS resource is configured with short periodicity, UE may need to switch BWP frequently which degrades UE power consumption efficiency. Meanwhile, if initial BWP is used for SRS transmission, power consumption due to the BWP switching can be saved, however the potential accuracy benefits from large BW is diminished. Therefore, RAN1 needs to discuss the issue on BWP for positioning including BWP switching impact.

Observation #2: 
· For LPHAP, following issues should be considered from a frequency domain perspective
· When separated BWP for positioning SRS is configured for UE in RRC inactive state, power consumption due to the BWP switching should be considered. 

Other enhancements
The priority between SRS for positioning and other UL channels (e.g. PUSCH/PUCCH/PRACH) in RRC inactive state has not been discussed yet. If the SRS for positioning always has lower priority than other UL channels, not only performance in terms of accuracy cannot be guaranteed, but also the latency can be increased because of the drop and/or delaying of SRS transmission due to lower priority. 

[bookmark: _GoBack]Observation #3: 
· If the SRS for positioning always has lower priority than other UL channels, not only performance in terms of accuracy cannot be guaranteed, but also the latency can be increased because of the drop and/or delaying of SRS transmission due to lower priority.

It should be noted that only open loop power control is applied for SRS for positioning. In addition to that, gNB cannot control the transmit power of the UEs when it stays in RRC inactive state. For the connected state of UE, transmit power of SRS can be determined based on the transmit power of PRACH especially for SRS for MIMO, which enables precise transmit power control. It is obvious that precise power control would be useful not only for the power saving gain but also for higher accuracy. So the power control enhancement of LPHAP similar to the power control for connected state of SRS for MIMO can be considered.

Conclusion
In this contribution, positioning for UE in RRC_INACTVE in terms of LPHAP is discussed, and following proposals and observations are obtained: 

Proposal #1: 
· Evaluate and check whether the current specification on positioning for inactive state UE can satisfy the requirement on LPHAP use case 6. 

Observation #1: 
· For LPHAP, following issues should be considered from a time domain perspective:
· For higher accuracy, configuring the shorter periodicity and/or the larger repetition on PRS/SRS resources could be used, but it costs of UL/DL resources and UE power.
· The time domain window is not supported for inactive state UE in Rel-17.

Observation #2: 
· For LPHAP, following issues should be considered from a frequency domain perspective
· When separated BWP for positioning SRS is configured for UE in RRC inactive state, power consumption due to the BWP switching should be considered. 

Observation #3: 
· If the SRS for positioning always has lower priority than other UL channels, not only performance in terms of accuracy cannot be guaranteed, but also the latency can be increased because of the drop and/or delaying of SRS transmission due to lower priority.
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