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[bookmark: _Ref488331639]Introduction 
In [1], one of the objectives for NR positioning enhancement SID is related to Rel-16 positioning techniques enhancement, i.e. to improve network efficiency and device efficiency:
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]
In this contribution, we discuss the support of positioning in RRC idle/inactive mode to improve the device efficiency.
[bookmark: _Ref178064866]Discussion
Positioning in RRC idle/inactive mode
In R16, NR DL and UL reference signals to facilitate support of NR positioning techniques in RRC connected mode (i.e. DL-TDOA, DL-AoD, UL-TDOA, UL-AoA, multi-cell RTT and E-CID) have been defined respectively. UE transmits SRS for positioning or receives DL-PRS based on network configuration to assist network to estimate UE position or evaluate position by UE itself. 
· While additional latency may be incurred prior to positioning of UE if not in connected mode a, i.e. UE have to access to RRC connected mode first. 
· And power consumption will be increased for RRC state transition procedure. 
1. [bookmark: _Toc53588247]R16 positioning only support positioning in RRC connected mode.
1. [bookmark: _Toc53588248]For UE in RRC idle/inactive mode with positioning request, UE have to enter RRC connected mode for positioning, causing extra delay and power consumption. 
During RAN email discussion of NR positioning [2], positioning in RRC idle/inactive mode has attracted much attentions. By supporting positioning in RRC idle/inactive mode, UE do not need to enter RRC connected mode for positioning, and the corresponding power consumption and latency would be reduced. 
1. [bookmark: _Toc53588249]By supporting positioning in RRC idle/inactive mode, power consumption and positioning latency will be saved.
[bookmark: _Toc53588250]RAN2 study positioning in RRC idle/inactive mode for positioning latency and device efficiency improvement.
In R16, RRC connected positioning is supported for UL-only, DL-only and DL-and-UL positioning methods. And we understand R17 NR positioning should be enabled for the UL-only, DL-only and DL-and-UL methods in RRC idle/inactive mode. 
[bookmark: _Toc53588251]RAN2 study UL-only, DL-only and UL-and-DL positioning method for RRC idle/inactive mode in R17.
UL Method in RRC idle/inactive mode
To support UL-only and UL&DL positioning method in RRC idle/inactive mode, SRS transmission is required to guarantee UE position estimation by network.
In current specification, SRS is configured by serving gNB in RRC connected mode, and the configuration granularity of SRS for positioning is per BWP. For RRC idle/inactive UE, how to acquire the SRS configuration is FFS.
Another issue to guarantee SRS transmission in RRC idle/inactive is that UE should be synchronized with network, i.e. serving gNB. Thus TA maintenance is required in RRC idle/inactive mode. 
[bookmark: _Toc53588252]RAN2 study how to guarantee SRS transmission in RRC idle/inactive mode with the following perspectives: 1) how to configure SRS for positioning in RRC idle/inactive mode; 2) how to maintain timing synchronization with network in idle/inactive mode.
DL Method in RRC idle/inactive mode
For DL-only and UL-and-DL positioning method, R16 DL-PRS configured by LMF can be delivered to UE in two ways, i.e. through LPP PDUs or positioning system information. That is, the PRS configuration in RRC idle/inactive mode is already supported by providing it via positioning system information. 
· For UE-based positioning method, UE may estimate the position based on PRS measurement. 
· While for UE-assist positioning method, how UE report the measurement result to LMF is questionable. One straightforward way is to enter RRC connected mode to transmit the measurement report, however extra power consumption and positioning latency may be caused due to the state transition procedure. 
How to report DL-PRS measurement result to LMF is the key issue to support DL and UL&DL positioning method in RRC idle/inactive mode especially for UE-assist positioning method.
[bookmark: _Toc53588253]RAN2 study how to report DL-PRS measurement result to LMF in RRC idle/inactive mode.
Conclusion
Based on the discussion above, we have the following observations:
Observation 1	R16 positioning only support positioning in RRC connected mode.
Observation 2	For UE in RRC idle/inactive mode with positioning request, UE have to enter RRC connected mode for positioning, causing extra delay and power consumption.
Observation 3	By supporting positioning in RRC idle/inactive mode, power consumption and positioning latency will be saved.

Based on the discussion above, we have the following proposals:
Proposal 1	RAN2 study positioning in RRC idle/inactive mode for positioning latency and device efficiency improvement.
Proposal 2	RAN2 study UL-only, DL-only and UL-and-DL positioning method for RRC idle/inactive mode in R17.
Proposal 3	RAN2 study how to guarantee SRS transmission in RRC idle/inactive mode with the following perspectives: 1) how to configure SRS for positioning in RRC idle/inactive mode; 2) how to maintain timing synchronization with network in idle/inactive mode.
Proposal 4	RAN2 study how to report DL-PRS measurement result to LMF in RRC idle/inactive mode.
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