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1 Introduction
The Rel17 SID on NR Positioning has the following objective [1]:
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)):

a. 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]

b. Evaluate the achievable positioning accuracy and latency with the Rel-16 positioning solutions in (I)IoT scenarios and identify any performance gaps. [RAN1]


c. 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 RAN2#111e, the following agreement was made [2]:
RAN2 to study positioning in idle/inactive mode, on-demand PRS and latency analysis in the study phase.

In this contribution, we discuss the potential enhancements for supporting positioning solutions in idle/inactive mode that can be targeted for Rel-17

2 Discussion
For supporting the positioning requirements of commercial use cases and verticals, Rel-16 has added the support of new NR positioning reference signals (DL PRS and UL SRS for positioning (SRSp)) and different RAT-dependent positioning methods based on NR signals:

· Timing-based methods: Downlink Time Difference of Arrival (DL-TDOA), Uplink Time Difference of Arrival (UL-TDOA) and Multi-Round Trip Time Positioning (MT-RTT)
· Angle-based methods: Downlink Angle-of-Departure (DL-AoD) and Uplink Angle of Arrival (UL-AoA)
· NR enhanced cell ID (E-CID) methods
While the new positioning methods in Rel-16 enables achieving high accuracy, the end-to-end latency requirement is relatively relaxed with a target of < 1s.
For supporting more diverse commercial use cases, in Rel-17 the positioning accuracy and latency have more tighter target requirements.
· Positioning accuracy ranges from < 1 m for general commercial use cases to < 0.2 m for IIoT Use Cases
· Target latency requirements is set to < 100 ms and for some IIoT use cases, latency in the order of 10 ms is desired 
While the new RAT-dependent positioning methods enables achieving relatively high accuracy while operating in RRC connected mode, the support for improving device efficiency and power consumption while performing positioning in RRC idle/inactive was not considered in Rel-16.  

Given the Rel-17 objective in SID and the agreement from R2#111e, the potential areas for enhancements for supporting  positioning during RRC idle/inactive mode that should be considered by RAN2 are:

· Configuration of reference signals 
· Measurement Reporting  
· Mobility

2.1 Configuration of reference signals in idle/inactive mode
In Rel-16, the assistance information containing the PRS configuration for DL and DL&UL positioning methods can be sent to the UE either in LPP signalling (i.e. NAS) or via positioning SIB when the UE is in RRC connected mode. In the case when the UE is in RRC idle/inactive mode, the PRS configuration may be received only via SIB. However, this may not be possible in all deployment scenarios where only minimum SIB is accessible and the UE may have to initiate the RACH procedure for sending on-demand SIB for requesting the positioning SIB. It is also not possible for the UE in RRC idle/inactive mode to be provided with dedicated PRS configuration that is more resource efficient and can result in more accurate location estimation using minimal number of TRPs/gNBs. Additionally, for supporting UL and DL&UL positioning methods, the SRSp configuration cannot be accessed by a UE while in idle/inactive mode via SIB. 

Observation 1: The current  broadcast-based mechanism for acquiring positioning configuration in system information is not suitable for UE in inactive/idle mode
The capability for supporting positioning when the UE is in idle/inactive mode is extremely beneficial for IIoT devices such as sensors which may be in power-conservation mode. For the different positioning methods, including DL-based, UL-based and UL&DL based, the signalling and procedure for sending the PRS/SRSp configurations and triggering PRS measurement or SRSp transmission for a UE in idle/inactive mode should be further studied by RAN2. 
For example, the PRS/SRSp configurations can be provided to the UE in CN/RAN paging message during the DRX on-durations. In the case when the UE is preconfigured with PRS/SRSp configurations the network can send the request for location information or an activation message to activate the PRS/SRSp configurations in paging message while the UE is in idle/inactive mode. Alternatively, the PRS/SRSp configurations or configuration activation messages can be provided to the UE via initial access messages either in Message 2/4 (in 4-step RACH procedure) or in Message B (in 2-step RACH procedure). In this case, without having to transition to RRC connected mode, the UE can initiate the RACH procedure upon receiving a trigger from network in paging message (for UE-assisted positioning) or from higher layer (for UE-based positioning). 

Proposal 1:  
For UL-based and UL&DL based positioning, RAN2 should study the procedure for the UE to receive the configuration for SRS for positioning and the triggers to initiate SRS transmission when in RRC idle/inactive mode
Proposal 2:  
For DL-based and UL&DL based positioning, RAN2 should study the mechanisms for the UE to receive the PRS configuration and the triggers to initiate PRS measurement when in RRC idle/inactive mode
For UL and UL&DL based positioning method, another issue to be addressed for operation during idle/inactive mode is ensuring that the UE is synchronized with the gNBs/TRPs that receive the SRSp sent by the UE. In this case, a mechanism for supporting timing alignment maintenance can be considered. For example, the UE may send the SRSp while remaining in idle/inactive mode as long as a timer associated with the timing alignment and the SRSp resource is valid and is running.  

Proposal 3:  
For UL-based and UL&DL based positioning, RAN2 should study how to support timing alignment maintenance and adjustment when the UE is in RRC idle/inactive mode
2.2 Measurement Reporting in idle/inactive mode 
For DL and UL&DL based positioning, another issue faced by the UE while operating in idle/inactive mode is sending the measurement reports upon measuring the DL PRS. One straightforward approach is for the UE to transition to RRC connected mode prior to sending the measurement reports. This, however, may not be necessary when the size of the payload corresponding to the measurement reports is relatively small and minimizing power consumption in the UE is of higher importance. For ensuring low power operation, the UE can send the measurement reports, containing the appropriate identifiers, by using resources (e.g. small data transmission in MsgA in 2-step RACH or Msg3 in 4-step RACH) in the initial access procedure. However, it is possible that the bandwidth for the UL transmission may be limited and the grant size available via initial access procedure may not be large enough to carry the generated measurement report. For larger payload sizes, the UE can segment and send the measurement reports sequentially with proper identifiers such that the received data can be assembled either at RAN or LMF. 
In IIoT scenarios there can be multiple UEs operating in idle/inactive who are contending for resources for sending the measurement reports. In these scenarios, the network can configure the UEs with reporting occasions and resource grants (i.e. common or configured grants) to send the measurement reports either periodically or based on event triggers (e.g. change in RSTD or RTT). The UEs can also be configured with criteria (e.g. based on priority, RSRP measurement) for determining the grants from a common pool such that resources may be accessed with low latency and without collisions when sending the measurement reports. Alternatively, the UE can be configured to select the type of measurement report containing either rich or simple measurements based on the availability of grants.
Observation 2: The potential areas for further study in RAN2 for supporting sending of measurement reports while the UE is in idle/inactive mode are:
· Signalling and procedure related to RACH resource and configured grant request and provisioning  

· Procedure for supporting segmenting and transmitting multiple small payload measurement reports 
· Signalling and procedure for triggering rich/simple measurement reporting
Proposal 4:  
For DL-based and UL&DL based positioning, RAN2 to study the mechanisms for sending measurement reports when the UE is in RRC idle/inactive mode
2.3 Mobility during idle/inactive mode
IIoT devices may be mobile when continuing to remain in idle/inactive mode. Such cases may occur when devices are moved due to accidents or natural disasters. For enabling idle/inactive mode operation during mobility, a UE can be configured with tracking area (TA) or RAN notification area (RNA), consisting of a list of cells where the UE can receive paging messages in DRX on-durations. In Rel-16, the UE may also be configured with PRS/SRSp configuration for supporting positioning independent of the TA/RNA and DRX configurations. In this case, it is possible for the UE during mobility to use PRS configuration parameters (e.g. cell IDs associated with PRS configurations) that may not be aligned with the cells/gNBs associated with TA/RNA. Consequently, the UE may have a mismatch in the on-duration of the DRX cycle for receiving the PRS in DL during idle/inactive mode. This can result in possible inefficiency in resource usage, interference, and inaccuracy in positioning measurements. 
Observation 3: Configuring positioning RS in UE independently of the TA/RNA and DRX configurations can possibly result in inefficiency in resource usage, interference, and inaccuracy in positioning measurements when supporting positioning during idle/inactive mode

By aligning the PRS configuration parameters with the TA/RNA parameters, the UE may receive PRS in similar time slots when receiving paging messages or when transmitting initial access messages during mobility. In addition, the UE may also be configured to send/receive measurement reports (i.e. for UE-assisted and UE based positioning) which can possibly be correlated with the TA/RNA update messages sent to the network or paging messages received from network. For UL based positioning, the RAN may send a paging message to the UE to update the SRSp configuration while in inactive mode based on the SRSp transmitted by the UE during mobility to a cell outside of the configured RNA.

Proposal 5:  
RAN2 to study how to support the PRS and SRSp configurations during mobility while the UE is in idle/inactive mode
Conclusion
In this contribution, the following observation were made on: 

Observation 1: The current  broadcast-based mechanism for acquiring positioning configuration in system information is not suitable for UE in inactive/idle mode
Observation 2: The potential areas for further study in RAN2 for supporting sending of measurement reports while the UE is in idle/inactive mode are:
· Signalling and procedure related to RACH resource and configured grant request and provisioning  

· Procedure for supporting segmenting and transmitting multiple small payload measurement reports 
· Signalling and procedure for triggering rich/simple measurement reporting
Observation 3: Configuring positioning RS in UE independently of the TA/RNA and DRX configurations can possibly result in inefficiency in resource usage, interference, and inaccuracy in positioning measurements when supporting positioning during idle/inactive mode
Based on these observations, the following conclusions were made:

Proposal 1:  
For UL-based and UL&DL based positioning, RAN2 should study the procedure for the UE to receive the configuration for SRSp and the triggers to initiate SRSp transmission when in RRC idle/inactive mode
Proposal 2:  
For DL-based and UL&DL based positioning, RAN2 should study the mechanisms for the UE to receive the PRS configuration and the triggers to initiate PRS measurement when in RRC idle/inactive mode
Proposal 3:  
For UL-based and UL&DL based positioning, RAN2 should study how to support timing alignment maintenance and adjustment when the UE is in RRC idle/inactive mode
Proposal 4:  
For DL-based and UL&DL based positioning, RAN2 to study the mechanisms for sending measurement reports when the UE is in RRC idle/inactive mode
Proposal 5:  
RAN2 to study how to support the PRS and SRSp configurations during mobility while the UE is in idle/inactive mode
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