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Introduction
In RAN1 Meeting #103e [1], inactive positioning was recommended for WI and idle measurement has reached a consensus in RAN1. While in RAN# 90e meeting, inactive/idle positioning was not included in the new WID [2] due to the study item for RAN2 has not been completed yet.
In this contribution, we will present our views for inactive/idle positioning.
Idle and Inactive positioning
[bookmark: Pro2]At RAN#86 meeting, the study item on NR Positioning Enhancements was approved [3]. From RAN1’s perspective, the SI includes device efficiency (power consumption, complexity, etc.), low latency, etc.
Nowadays, many applications provide trajectory tracking functions and require periodic positioning, such as childcare tracking, etc. Without supporting idle/inactive mode positioning, UE needs to switch between connected and idle mode continuously, which leads to lots of signaling overhead. Moreover, in some scenarios where flow of people needs to count or lots of user locations need to obtain, all UEs have to go back to connected mode to perform positioning which would cause large UE power consumption. In addition, from the perspective of latency, additional latency will be introduced if the UE switches to connected state from idle state for positioning measurement and report. If positioning can be performed without entering the connected mode, the UE power consumption, latency and the signaling overhead could be reduced. 
Furthermore, SI has reached the below conclusion in [4, TR 38.875] that power saving gains are observed by supporting idle/ inactive positioning. So idle/inactive positioning needs to be specified in R17.
TR 38.875 11 Conclusions
The UE efficiency (power saving) in the RRC_IDLE/RRC_INACTIVE states were also analysed, and power saving gains are observed with detailed observations related to power savings are outlined in Section 8.4.

Inactive/idle positioning for DL

	Agreement:
· NR positioning for UEs in RRC_INACTIVE state is recommended for normative work, including
· DL, UL and DL+UL positioning methods 
· UE-based and UE-assisted positioning solutions
· Support of UE positioning measurements for UEs in RRC_inactive state
· Options that can be considered include DL-PRS or DL-PRS and SSB
· Support of gNB positioning measurements for UEs in RRC_inactive state
· The details of how to enable the UE positioning in RRC_ INACTIVE state can be further discussed during normative work. These details may include, but are not limited to the following aspects:
· UL reference signals (e.g., SRS for positioning, PRACH preambles) for UL measurements
· Signalling and procedures for support the assistance data delivery, DL-PRS configuration, UL reference signals for positioning resource configuration, measurement reporting), which may be developed based on the enhancements of existing signalling and procedures (e.g., existing 2-step and/or 4-step PRACH procedures, paging procedure, small data transmission). 


Based on the above agreement, RAN1 has reached a consensus for supporting inactive positioning in R17. In this section, we consider the impact of specification for supporting inactive positioning, including DL, UL, and DL+UL positioning methods as well as some impact for idle positioning.

Idle/inactive state measurement and connected state report for DL positioning
In this subsection, we discuss positioning measurement in idle state and report in connected state. For simplicity, it is assumed that the only PRS measurement occurs in the idle/inactive states. Other procedure still does in the connected state.
	Agreement:
From a physical layer perspective, it is feasible for a UE to perform DL positioning measurement in RRC_IDLE state.
· Note: This does not imply that measurements have to be reported in RRC_IDLE state.



It is noted that the above agreement had been reached in RAN1 Meeting #103e, RRC_IDLE state measurement is feasible for RAN1 and there is no reason to exclude it especially without report in idle and inative states. But if supporting RRC_IDLE and RRC_INACTIVE states measurement, there is some specification work needed. For example:
· The applicable state of UE measurement capabilities in [5, 38.215 5.1] needs to be extended to RRC_CONNECTED, RRC_IDLE and RRC_INACTIVE.
· Potential new UE capabilities need to be defined for RRC_IDLE/ RRC_INACTIVE states positioning, such as indicated whether support idle state for measurement and the different capabilities with the connected state.
· Potential new UE behaviors need to be specified, such as UE can perform PRS measurement without MG in RRC_IDLE/ RRC_INACTIVE.
· Potential new procedures are introduced for RRC_IDLE/ RRC_INACTIVE state measurement.

Inactive state measurement and report for DL positioning
For UE-based positioning, after a UE has measured the RSTD/RSRP of multiple gNBs, it can calculate and report its own location for MT-LR. For UE-assisted positioning, after a UE has measured the RSTD/RSRP of multiple gNBs, it needs to report the results to the LMF via a gNB. It is desirable to remain in idle or inactive mode while performing the report considering the power consumption. There are two ways to report positioning information. 
· One way is via control plane. In Rel-15, Early Data Transmission (EDT) was introduced for the IoT in order to reduce power consumption and latency. With EDT, the data transmission can be performed without RRC state transition. If the UE and NG-RAN node both support EDT, the UE may send an RRCEarlyDataRequest message to the NG-RAN node and includes a NAS control plane service request which contains a positioning report including the information such as the type of event being reported and any location measurements or location estimate.  In physical-layer, the positioning report can be included in Msg3 payload in 4-step RACH procedure or MsgA payload in 2-step RACH procedure.
· Another way is via user plane. Positioning reports in inactive state are small and infrequent data, which meet the characteristics of SDT (small data transmission) data. The positioning report can be transmitted on DTCH multiplexing with UL RRCResumeRequest on CCCH. In physical-layer, the positioning report can be included in Msg3 payload in 4-step RACH procedure or MsgA payload in 2-step RACH procedure. Considering that the SDT project is underway, positioning report via user plane can be discussed in parallel with SDT group.
And it is noted that 44.32% power saving gain is shown if reporting the location information in idle/inactive state can be supported, the detailed evaluation is in [4, TR 38.875]. We think it is beneficial that supporting reporting location information in idle/inactive state.
Proposal 1: 
· The measurement for NR positioning in RRC_INACTIVE state and RRC_ IDLE state needs to be supported and specified in R17.
· The location information reporting for NR positioning in RRC_INACTIVE state needs to be supported and specified in R17.

Idle/inactive state Positioning for UL
gNB positioning measurements of UL signal for UEs in RRC_inactive state
According to the NR design, dedicated SRS is only allocated to UE in connected mode. Hence, in current specification, UL positioning is only applicable to UE in connected mode. 
UL positioning can be applied to UE in idle and inactive mode if the UE’s dedicated SRS resource is not released after the UE leaving connected mode but still in an area that is valid predefined by network. With this enhancement, an idle or inactive mode UE could transmit dedicated SRS, and then the network could obtain the position of the UE. 
[bookmark: OLE_LINK40][bookmark: OLE_LINK41]We think there may be some concerns about this enhancement. The first one is the scalability of the enhancement.  For each idle or inactive UE requiring positioning, SRS resource needs to be reserve in both the camping and neighbouring cells. Will this enhancement lead to a very limited capability for positioning? In our understanding, the number of positioning UE can be supported is related to the period of SRS resource allocated to each UE. The longer the periodicity is, the more UEs can be supported. In some popular applications, the interval between consecutive positioning requests is very long, e.g. 1 minute. Accordingly, the period of positioning SRS resource for each UE can be very long. Therefore, the number of positioning UEs can be supported seems not a big issue. We believe these applications are the main potential motivation for UL positioning in idle or inactive state. Maybe there is a possibility that a fixed periodicity can be configured to the UE in IDLE or Inactive state.
The second one is idle/inactive UE is not synchronized in uplink, it may cause interference to other UEs which are synchronized in connected mode, which is a limitation to allow the unsynchronized UE sending SRS. In our understanding, the positioning SRS is monitored by more than one base station. However, one UE can at most maintain uplink synchronization with one of the base stations (i.e. the serving base station of a connected UE). It implies even connected UE maybe unsynchronized with some gNBs monitoring its positioning SRS according the current UL positioning design. Hence, uplink un-synchronization seems not a new issue introduced by allowing idle and inactive mode UE to send dedicated positioning SRS.
Proposal 2: 
· To enable UL idle/inactive state positioning in NR, a UE needs to keep dedicated UL resource (e.g. SRS) after leaving connected mode. With this enhancement, the UE can transmit dedicated UL signal for UL positioning.
DL and UL positioning method in idle/inactive state
For DL and UL positioning method,  the UE not only needs to measure downlink signals from TRPs and report Rx-Tx measurements, but also transmits an uplink signal to the same TRPs. It can be considered as a combination of downlink only positioning method and uplink only positioning method. So that if DL only positioning method and UL only positioning method are supported,  DL and UL positioning method should naturally also be supported. 
In a word, for idle/inactive positioning, all three positioning methods(DL positioning method, UL positioning method, DL and UL positioning method) should be supported.
Proposal 3: 
· For idle/inactive positioning, DL positioning method, UL positioning method and DL+UL positioning method should be supported.
Conclusion
In this contribution, we discuss potential idle/inactive positioning with the following proposals.
Proposal 1: 
· The measurement for NR positioning in RRC_INACTIVE state and RRC_ IDLE state needs to be supported and specified in R17.
· The location information reporting for NR positioning in RRC_INACTIVE state needs to be supported and specified in R17.
Proposal 2: 
· To enable UL idle/inactive state positioning in NR, a UE needs to keep dedicated UL resource (e.g. SRS) after leaving connected mode. With this enhancement, the UE can transmit dedicated UL signal for UL positioning.
Proposal 3: 
· For idle/inactive positioning, DL positioning method, UL positioning method and DL+UL positioning method should be supported.
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