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Introduction
[bookmark: _Hlk510705081][bookmark: _Hlk67643273]In Rel-16 native NR positioning support was standardized. At RAN#90 a new WI was approved on enhancements in Rel-17 to positioning [1]. This contribution discusses our views on the enhancements related to on-demand PRS and inactive mode positioning. Our companion contributions discuss our others views [2-6]. The objectives from the WID are    
· Specify methods, measurements, signalling and procedures to support positioning for UEs in RRC_ INACTIVE state, for UE-based and UE-assisted positioning solutions, including [RAN2, RAN1, RAN3,RAN4]:
· DL NR positioning methods and RAT-independent positioning methods 
· Support of UE positioning measurements for UEs in RRC_INACTIVE state
· Reporting of positioning measurement or location estimate performed in RRC_INACTIVE when the UE is in RRC_INACTIVE state
Note: this work will be coordinated with the SDT WI. 
· As 2nd priority:
· UL and DL+UL NR positioning methods
· Support of gNB positioning measurements for UEs in RRC_INACTIVE state
· Specify on-demand transmission and reception of DL PRS for DL and DL+UL positioning for UE-based and UE-assisted positioning solutions, including: [RAN2, RAN1, RAN3]
· UE-initiated request of on-demand DL PRS transmission; 
· LMF (network)-initiated request of on-demand DL PRS transmission; 
Discussion  
Inactive Mode Positioning 
1.1.1  DL PRS Update
The idea of the on-demand PRS concept is to allow UEs to express their PRS configuration preference or even request specific PRS resources from the LMF. The LMF may consider UE feedback and grant such requests as well as change PRS configuration more dynamically based on its own criteria, e.g., to reflect the presence of a new UE whose positioning session requires an update of the PRS configuration. 
However, UEs in RRC_INACTIVE are currently not aware of changes in PRS configuration, i.e., their assistance data (AD) ages. More specifically, UEs in RRC_INACTIVE use the AD obtained before going into the INACTIVE state and continue using them for positioning procedures and measurements as long as they remain in the INACTIVE state. Similarly, UE mobility induces AD aging due to new conditions arising in the UE’s environment, e.g., surroundings blocking line-of-sight to the configured TRPs and yielding lower positioning accuracy, thus requiring updates on the TRP list and/or their PRS configurations, hence AD.
Observation 1: UEs in RRC_INACTIVE state relying on assistance data obtained while in RRC_CONNECTED state without updates to the assistance data and/or mobility conditions can result in the aging of assistance data provided to UEs.
A gNB has the following options to update AD in RRC_INACTIVE UEs:
· Via broadcast of posSIB in any RRC state: Broadcast was designed for the delivery of static AD whereby each gNB advertises not only it’s own PRS configuration but also those of neighboring cells. Each of the cells broadcasting the AD must therefore update their SI if there is a PRS configuration change in any neighboring cell. From the UE perspective, relatively long periods of posSIB broadcast may imply a slow AD refresh rate. Any consequent performance degradation such as temporarily lower accuracy is problematic in case of safety-critical and/or high-speed scenarios.

· Via LPP unicast in RRC_CONNECTED: The network can bring the UEs into RRC_CONNECTED state to deliver AD via standard LPP unicast procedure. However, this option negates the primary objective of the RRC_INACTIVE state, that is, the conservation of power. The cumulative energy expenditure due to frequent RRC state transitions over longer time periods may be non-negligible for battery-powered devices.

· Via SDT in RRC_INACTIVE: SDT could be exploited to deliver LPP messages even to RRC_INACTIVE UEs. However, the SDT mechanism is being studied for UL usage only in Release 17, which implies that updates on AD can be delivered via SDT only for UE-triggered requests. In other words, the network itself cannot reach UEs (LMF-triggered updates on AD) in RRC_INACTIVE as DL SDT will not be specified in Release 17. In this context, it is also noteworthy that the LMF is not aware of the UE RRC state, as well as that the gNBs cannot monitor whether RRC_INACTIVE UEs have an active positioning session and/or are in need of an AD update.

In summary, to update AD of RRC_INACTIVE UEs, network can either: i) broadcast posSIB; ii) force UEs transition to RRC_CONNECTED to re-enable LPP unicast; or iii) rely on LPP delivery opportunities created by UE-originated UL SDT. However, all these approaches have drawbacks, where the process of updating AD in RRC_INACTIVE UEs is characterized by a trade-off between timeliness, overhead, and power consumption.

In general, it is also observed in this context that the LMF does not necessarily need to provide the same AD to all UEs in a given area (e.g., via posSIB broadcasts). It has the possibility to also consider the delivery of UE-specific AD to enable localization with an individual context or optimization, which would be enabled via the on-demand PRS mechanism. This is especially true in FR2 scenarios where selective configuration and optimization of PRS can be carried out in the beam domain, specifically for each UE. Such configuration updates would be especially problematic for UEs in RRC_INACTIVE.

Observation 2: Current mechanisms to update AD for positioning are mainly designed for static scenarios and RRC_CONNECTED UEs in mind, thus can fail in scenarios involving RRC_INACTIVE UEs and dynamic condition changes due to on-demand PRS and mobility.

In addition, the overhead of updating the AD should be considered as the UE power consumption is targeted to be mitigated. One potential way to reduce the overhead of updating the AD is to consider a partial update of the assistance data. For example, the UE may received AD for a new TRP only and the rest of the AD is left unchanged. 

Proposal 1: RAN1 to study partial updates of PRS AD for UEs in RRC_INACTIVE mode to reduce overhead and power consumption.
In conclusion, update of AD for UEs in RRC_INACTIVE state is one of major challenging issues to effectively support positioning for RRC_INACTIVE. This issue is discussed in more details in [7].
1.1.2 UL/UL+DL Positioning
At RAN1 #106bis-e meeting, RAN1 made the following agreement on the PRS reception priority for RRC_Inactive state UEs.
Agreement:
· From RAN1 perspective, in RRC_INACTIVE state, reception of DL PRS has lower priority than other DL signals/channels (SSB, SIB1, CORESET0, MSG2/MSGB, paging, DL SDT)
· FFS how to determine conflicts in DL PRS and other DL signals/channels reception by UE
· FFS how to handle retuning time for the case when DL PRS and other DL signals/channels are allocated in different BW and/or have the same or different SCS as initial DL BWP
Send LS to RAN4 (cc RAN2) and ask if there is any feedback
There was discussion on whether or not to introduce the DL PRS processing window for the RRC_Inactive state UE where the window is used for the PRS reception on the MG-less mode. And discussion on retuning time as captured in the second FFS. In our understanding, the main bullet might be enough since it clearly mentions DL PRS has lower priority than other DL signals. If the UE needs the retuning time to receive DL signals/channels, the UE may sacrifice the current reception of DL PRS by implementation. 
One of the important issues may be validity of SRS configuration for the RRC_Inactive state UEs. At RAN1 #106bis-e, RAN1 reached the following agreement.

Agreement:
· For OLPC of SRS for positioning transmission by RRC_INACTIVE UEs,
· Reuse validity criteria for pathloss measurement defined for RRC_CONNECTED UEs in Rel.16
· FFS on UE fallback behavior (i.e. whether to reuse fallback to pathloss measurement by RRC_INACTIVE UE for the cell, from which the SS/PBCH is received to obtain MIB, is not accurate) 
· For spatial relation of SRS for positioning transmission by RRC_INACTIVE UEs,
· FFS whether to define validity criteria or reuse validity criteria for OLPC pathloss measurement to determine whether spatial relation with configured RS is valid
In Rel-16 NR positioning, RAN1 defined validity criteria for the pathloss measurement especially considering the case where the UE may not properly detect the pathloss reference RS transmitted from neighbor cells/TRPs. And the UE fallback behavior was also defined. In the case of spatial relation RS, it has been left up to UE implementations. In case the UE does not properly detect the spatial relation RS from neighbor cells, which means that the transmission beam direction may not be appropriate, it may have an interference effect on the network. It may be worse as the configured information for UEs is not updated in RRC_Inactive state. 
The current UE fallback behavior for the open-loop power control is to decide the transmission power but now we are discussing the validity of the SRS configured for UEs of RRC_Inactive state. In our understanding the fallback behavior implies two points. 1) the UE uses the received SS/PBCH block to obtain MIB as the path-loss RS 2) the UE still transmits the SRS resources using this path-loss. If we reuse the current fallback behavior for RRC_Inactive state UEs, the UE still keep transmitting the SRS resources. It might not be harmful if the UE can determine the appropriate beam direction. That is, if the transmission power is not sufficient, the target TRP might not listen but at least it might not lead to interference problem since the beam direction is correct. 
If the UE cannot decide the proper transmission beam direction, it may have negative impact on the network. Thus, we need to discuss validity criterion of spatial relation RS considering that it is not appropriately detected by the UE.
Proposal 2: RAN1 to discuss validity criteria to determine whether the configured spatial relation RS for a SRS resource is valid or not. 
After the discussing the validity criterion on spatial relation RS, we need to discuss when the SRS resources configured for the UEs are invalid, and also need discussion on the UE behavior if the configured SRS is invalid. For example, for a SRS resource for positioning, if the UE determines both of the path-loss reference RS and spatial relation RS are invaid, then the UE can decide that this SRS resource is invalid. Once the UE decides the SRS resources are invalid, it may be reasonable not to transmit the invalid SRS resources. Based on this, we have the following proposal.
Proposal 3: RAN1 to discuss the UE behavior of RRC_Inactive state when the UE determines that both path-loss RS and spatial relation RS configured for a SRS resource, which are transmitted from neighbor cells, are invalid.
RAN1 has mainly discussed whether to support SRS transmission for RRC inactive UEs and the essential features to support SRS transmission. However, RAN1 also needs discussion on the report of positioning measurements for UE-assisted positioning. RAN2 agreed to support the reporting of the positioning measurements via SDT (small data transmission), but it is questionable if the UE can report the whole positioning measurements in a single reporting instance using SDT that the UE obtained for many TRPs and/or PRS resources. Without a doubt, it is essential to report many positioning measurements to provide high accuracy positioning also for UEs in RRC_inactives state. One of the feasible ways is to report a part of positioning measurement at each reporting instance by fitting the report data size into the reporting overhead of SDT. For example, if the UE needs to report positioning measurements for nine TRPs, the UE may report positioning measurements for two or three TRPs at each reporting instance, and the LMF may estimate the location of the UE using a part of positioning measurements and/or all of them. This is supported by the ability to do message segmentation in LPP. However, the LMF does not know if the currently reported measurements can be jointly used with the previously reported measurements to estimate the location, since the UE could move for the time duration in between multiple reporting instances. Thus, the UE needs to report an indicator to inform the LMF of whether to jointly utilize the currently reported positioning measurements with the previously reported measurements.
Proposal 4: For the UE-assisted positioning for RRC_Inactive state, the UEs report an indicator along with the positioning measurements, where the indicator informs LMF of whether to jointly utilize the currently reported positioning measurements with the previously reported positioning measurements.
On-demand PRS
The concept of on-demand PRS refers to the ability of the network to dynamically configure PRS resource when and where needed, which is in contrast to LTE PRS configuration where the resource allocation to PRS is static. On-demand PRS can either be initiated by the LMF or the UE, cases which are referred to as LMF-initiated and UE-initiated on-demand PRS, respectively.
The benefits of on-demand PRS are primarily related to enhanced network efficiency owing to the targeted PRS transmissions and thus the minimization of unused PRS resources. In addition, on-demand PRS promises latency reduction compared to legacy PRS schemes, which stems from a) the transmission of PRS right upon request instead of fixed periodic fashion; b) the minimization of latency caused by beam-sweeping across all beam directions, since with on-demand PRS only a limited set of beams is sweeped and thus the waiting time between two consecutive PRS transmissions from the same beam is minimized. Moreover, on-demand PRS offers enhanced accuracy since it allows the network to dynamically increase certain PRS configuration parameters which lead to an accuracy enhancement upon request. The ensuing subsection elaborates on such PRS configuration parameters that we are considering.
1.1.3  Requested PRS Parameters
In the UE-initiated on-demand PRS case, the UE requests to the network PRS parameters associated to a target positioning performance. The request is initiated by the UE to the LMF. A typical example is the case of UE-based positioning where the UE identifies during an ongoing positioning session that the current allocated PRS bandwidth (BW) is not sufficient for the UE to meet certain accuracy requirements, hence the UE requests for additional bandwith to be allocated to PRS resources. Similarly, in a UE-based positioning session the UE may request to LMF for higher number of consecutive positioning subframes NPRS, so as to ensure enhanced measurement precision. In the scenario of periodic location updates, the UE may request for higher PRS periodicity (e.g., more frequent positioning occasions), to account for a given location update rate that meets its requirements. 
Such requested PRS parameters are also related to the LMF request to the gNB for configuring certain PRS resources, and are associated to both UE-initiated and LMF-initiated on-demand PRS. That is, the request for certain PRS BW, NPRS or PRS periodicity can be both UE to LMF (case of UE-initiated on-demand PRS) and LMF to gNB (case of LMF-initiated and UE-initated on-demand PRS).  
RAN1 agreed the following nine signalling parameters for the on-demand PRS request at RAN1 #106e and RAN1 #106-bis-e meeting, respectively. 

Agreement:
At least the following list of on-demand DL PRS parameters is supported for UE-initiated and LMF-initiated on-demand DL PRS requests
1.	 DL PRS Periodicity
2.	 DL PRS resource bandwidth
3.	 DL PRS QCL information
Conclude on remaining parameters at RAN1#106-bis-e

Agreement:
· The following list of parameters is supported for UE-initiated and LMF initiated on-demand DL PRS request
1. Start/end time of DL PRS transmission
2. DL PRS resource repetition factor
3. Number of DL PRS resource symbols per DL PRS resource 
4. DL-PRS CombSizeN
5. Number of DL PRS frequency layers
6. ON/OFF indicator (for LMF initiated request only)
· FFS values for requested on-demand DL PRS parameters and whether parameters are resource-specific, TRP-specific, or PFL-specific
However, some parameters such as MG-less processing indicator is still FFS. For purpose of the latency reduction, RAN1 should support the UE to measure and process the PRS in an MG-less mode. Also, the target PRS transmission by on-demand PRS request should consider the UE's preference on MG-less mode or MG-based mode. If the UE needs to keep receiving the data, but if the UE needs switching over to MG-mode to receive the target PRSs by UE/LMF-initiated on-demand request, the UE may try to repeatedly request another PRS transmission to receive MG-less mode since the UE should receive the data. Consequently, it may lead to unnecessary latency and resource inefficiency.
In the current system, however, the LMF has no knowledge of active BWP about the UE, so the UE needs to send MG-less processing indicator to inform LMF that it can receive a PRS in MG-less mode and another PRS in MG-based mode at least for the preconfigured PRS. 
Proposal 5: RAN1 to support MG-less processing indicator as an additional parameter for UE-initiated on-demand DL PRS request.
In addition, we would like to discuss the on/off indicator for LMF-initiated only. We were not supportive of this indicator for UE-initiated request since it may not be easy for the LMF to satisfy the requests from a lot of positioning UEs, but we are seeing a value on this from the resource efficiency perspective in the limited cases such that only a couple of UEs need positioning.
The on-demand PRS resources are configured at the LMF on the basis of feedback received by the UE. However, radio conditions may change during a positioning session, such that the quality of some DL PRS resources measured at the UE side drops. A typical example is the case of a TRP being shadowed to the UE as a cause of a blockage in between. This may lead to two major effects: a) The positioning performance (e.g., accuracy) is considerably impacted, since the measurements of the remaining TRPs are not sufficient to achieve the required accuracy; b) The performance is not considerably impacted (i.e., positioning QoS target is met), but the PRS efficiency is impacted. This is because the TRP keeps transmitting the PRS in vain, i.e., there not at least one UE measuring the PRS with sufficient quality. 
Case a) above is covered from the UE-initiated on-demand PRS case: If there is need for PRS resource modification, UE will instigate a UE-initiated on-demand PRS request, triggering modification of PRS resources by the network. 
Case b), however, is not covered from the UE-initiated on-demand PRS case. This is because there is no impact on the positioning QoS. Nevertheless, from the network and resource efficiency point of view, there is an impact, as PRS resources are not used efficiently. To address this issue, the network should be able to obtain feedback by the UEs on whether the transmitted/scheduled PRS resources are indeed received and measured as planned, otherwise the network should release such resources. To achieve this, the simplest approach is to allow the UE to send the on/off-indicator to the LMF in case the PRS resources (as they were acquainted at the UE from the LPP Provide Assistance data message) are no longer received with expected quality. 
Similarly, if those PRS resources are later received with sufficient quality, the UE should be able to resume measuring them in the same way as it did before the quality drop. Using the case of the temporal blockage as an example, if the UE realizes that the blockage is no longer impacting PRS reception, it should notify the network accordingly. This is a typical scenario when the blockage impacts the PRS reception at one UE, but not at other UEs, such that the PRS resource is transmitted normally even after this UE has reported bad quality indication. In such case, it would be more efficient from network viewpoint to allow the UE to inform the network that the quality of the PRS has been resumed to an acceptable level by using the on/off indicator.
Observation 3: Network efficiency can be improved by on/off indicator provided by the UE to the network. This may cover both temporal deactivation of a PRS resource, and reactivation of such resource in case the quality is reverted to an acceptable level.
Proposal 6: RAN1 to include UE-initiated on/off indicator as an additional parameter for on-demand DL PRS request.
 Expected AoD
RAN1 has discussed signaling an indication of expected AoD/ZoD value and uncertainty (of the expected AoD/ZoD value) range(s) the LMF to the gNBs/TRPs. This information can be useful for gNBs/TRPs to determine more accurate Tx beamforming and also potentially reduce beam sweep overhead in on-demand PRS framework. As shown in Figure 1, a TRP originally needs to perform beam sweeping towards 360º in 6 PRS occasions. Hence, the TRP has to apply relative wide beam to guarantee the coverage. After receiving expected AoD from LMF, the TRP is able to finetune the Tx beamforming from wide beam to narrow beam, transmitted still in 6 PRS occasions. Such operation can improve the positioning accuracy especially for DL-AoD method and it can help to reduce the network overhead further when applying on-demand PRS. 
[image: ]
Figure 1: Tx beamforming update according to expected AoD
Proposal 7: Support of indication of expected AoD/ZoD value and uncertainty (of the expected AoD/ZoD value) range(s) is signaled by the LMF to gNBs/TRPs at least for LMF-initiated on-demand PRS.
Conclusion
We made the following observations and proposals in this paper:
Observation 1: UEs in RRC_INACTIVE state relying on assistance data obtained while in RRC_CONNECTED state without updates to the assistance data and/or mobility conditions can result in the aging of assistance data provided to UEs.
Observation 2: Current mechanisms to update AD for positioning are mainly designed for static scenarios and RRC_CONNECTED UEs in mind, thus can fail in scenarios involving RRC_INACTIVE UEs and dynamic condition changes due to on-demand PRS and mobility.

Proposal 1: RAN1 to study partial updates of PRS AD for UEs in RRC_INACTIVE mode to reduce overhead and power consumption.
Proposal 2: RAN1 to discuss validity criteria to determine whether the configured spatial relation RS for a SRS resource is valid or not. 
Proposal 3: RAN1 to discuss the UE behavior of RRC_Inactive state when the UE determines that both path-loss RS and spatial relation RS configured for a SRS resource, which are transmitted from neighbor cells, are invalid.
Proposal 4: For the UE-assisted positioning for RRC_Inactive state, the UEs report an indicator along with the positioning measurements, where the indicator informs LMF of whether to jointly utilize the currently reported positioning measurements with the previously reported positioning measurements.
Proposal 5: RAN1 to support MG-less processing indicator as an additional parameter for UE-initiated on-demand DL PRS request.
Observation 3: Network efficiency can be improved by on/off indicator provided by the UE to the network. This may cover both temporal deactivation of a PRS resource, and reactivation of such resource in case the quality is reverted to an acceptable level.
Proposal 6: RAN1 to include UE-initiated on/off indicator as an additional parameter for on-demand DL PRS request.
Proposal 7: Support of indication of expected AoD/ZoD value and uncertainty (of the expected AoD/ZoD value) range(s) is signaled by the LMF to gNBs/TRPs at least for LMF-initiated on-demand PRS.
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