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1 Introduction

In RAN#86 meeting, the SI of “NR positioning enhancements”was approved and the following objectives were identified [1]:

According to the Rel-16 NR positioning discussion, the NR RAT-dependent positioning solutions can be applied for RRC Connected state UE. In this contribution, we will discuss the positioning enhancements for RRC Idle and RRC Inactive state UE.
2 Discussion
In Rel-16, the NR positioning is only supported for RRC Connected state UE, in other words, RRC Idle and Inactive state UE has to transmit to RRC Connected state whenever the positioning is required. Obviously, this mechanism will increase the UE power consumption and positioning latency. Therefore, the positioning enhancements for Idle and Inactive UE is necessary. In the following, we will discuss the solutions for the Idle and Inactive UE for DL positioning and UL positioning separately.
For DL positioning, a UE acquires the PRS configuration from gNB or LMF and performs PRS measurement and then reports the measurement results to the network. For the idle and inactive UE, this positioning procedures also need to be studied. Currently, the PRS configuration was provided to UE by a LPP message from LMF or by the positioning system information broadcasted by gNB for specific positioning methods. However, for LPP message, the idle and inactive UE can’t directly receive the LPP message. Considering the PRS configuration does not change frequently, the PRS configuration should be pre-configured when the UE is in connected state. For example, the PRS configuration can be provided to UE by LPP message and when UE is in connected state and then UE can apply the PRS configuration when UE transmits to the idle or inactive state. 
Observation 1: The PRS configuration for idle or inactive state UE could be pre-configured when UE is in connected state.
For the OTDOA positioning, the assistance information including the PRS configuration can be provided to UE by positioning SIB. Moreover, the idle and inactive UE acquires the positioning SIB based on the on-demand SI mechanism which is supported in Rel-16. So the positioning SIB could be extended and provides the PRS configuration information for other positioning methods. Thus the idle and inactive UE can acquire the PRS configuration from the Positioning SIB.
Observation 2: The Positioning SIB could be extended and provides the PRS configuration for idle or inactive UE.
In Rel-16, positioning measurements in connected mode is supported, in order to support the idle and inactive state UE positioning, the UE should perform the positioning measurements when the UE is in idle and inactive state. For NB-IoT, the UE positioning measurements in idle state has already been supported. So the NB-IoT positioning measurement mechanism can be considered as the starting point for the study of idle and inactive state UE positioning measurement. 
Observation 3: The NB-IoT positioning measurement mechanism can be considered as the starting point for the study of idle and inactive state UE positioning measurement. 
The UE needs to report the measurement results to the LMF via a gNB when UE has performed positioning measurements in idle and inactive state. According to the Rel-17 small data WI, the small data can be transmitted during the RACH procedure. So a straightforward way for idle and inactive UE reporting the positioning measurement results is using the RACH procedure such as MSG A or MSG3. If idle and inactive UE doesn’t report the measurement results during the RACH procedure, it also can report the measurement results when the UE transits to the connected state. Compared with measurement results reporting during the RACH procedure, the positioning latency will be increased when UE reports the measurement results after transmitting to the connected state. 
Observation 4: The positioning measurement results could be reported to network during UE performing RACH procedure or after UE transmitting to the connected state for different positioning latency requirements.
In Rel-16 UL positioning, the serving gNB determines the resources available for positioning SRS and configures the target UE with the positioning resource sets when UE is in connected state. The gNB activates the positioning transmission for target UE and the UE begins the positioning SRS transmission according to the positioning SRS configuration [2]. 
The positioning SRS is UE dedicated resource, it is not suitable to be contained in positioning SIB which likes the PRS configuration for idle and inactive UE. The positioning SRS resource could be pre-configured when the UE is in connected mode and UE’s dedicated SRS resource is not released when the UE leaves connected state. With this enhancement, an idle or inactive state UE could transmit positioning SRS and then the network calculates the position of the UE.

Observation 5: The positioning SRS could be pre-configured when the UE is in connected mode and UE could transmit the positioning SRS when UE is leaving connected state according to the pre-configured SRS. 
Currently, the idle and inactive UE doesn’t transmit anything in uplink except for performing RACH procedure. If an idle or inactive state UE could transmit positioning SRS, it changes the behaviour of the idle and inactive UE. We consider using the RACH procedure for UL positioning, for example, for UL TDOA, idle or inactive UE sends PRACH preamble to network and the network can measure the RTOA according to the PRACH preamble. 
Observation 6: The RACH procedure could be considered for UL positioning for idle or inactive UE.
Based on the above discussion, we have the following proposal:
Proposal: The positioning enhancements for RRC IDLE and RRC INACTIVE state UE need to be further studied, including PRS and positioning SRS configuration, positioning measurement, positioning measurement results reporting and UL positioning based on RACH procedure. 
3 Conclusions 
In this contribution, we have discussed the positioning enhancements for RRC IDLE and INACTIVE state UE and have the following observations:

Observation 1: The PRS configuration for idle or inactive state UE could be pre-configured when UE is in connected state.
Observation 2: The Positioning SIB could be extended and provides the PRS configuration for idle or inactive UE.
Observation 3: The NB-IoT positioning measurement mechanism can be considered as the starting point for the study of idle and inactive state UE positioning measurement. 
Observation 4: The positioning measurement results could be reported to network during UE performing RACH procedure or after UE transmitting to the connected state for different positioning latency requirements.
Observation 5: The positioning SRS could be pre-configured when the UE is in connected mode and UE could transmit the positioning SRS when UE is leaving connected state according to the pre-configured SRS. 
According to the above observations, we have the following proposal:
Proposal: The positioning enhancements for RRC IDLE and RRC INACTIVE state UE need to be further studied, including PRS and positioning SRS configuration, positioning measurement, positioning measurement results reporting and UL positioning based on RACH procedure. 
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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)):


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]


Evaluate the achievable positioning accuracy and latency with the Rel-16 positioning solutions in IIoT scenarios and identify any performance gaps. [RAN1]	


Identify and evaluate enhancements to Rel-16 positioning techniques, DL/UL positioning reference signals, positioning architecture, signalling and procedures for improved accuracy, reduced latency, network efficiency, and device efficiency. [RAN1, RAN2]
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