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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  
PRS measurement
 In RAN1 #107e meeting, RAN1 agreed to support DL PRS processing for both outside and inside of the initial BWP of the RRC_INACTIVE state UEs. Also, SRS resource configuration is allowed for both outside and inside of the initial UL BWP.
Agreement
For UE in RRC_INACTIVE state can support DL PRS processing outside and inside of the initial DL BWP:
· For DL PRS processing outside of the initial DL BWP, the SCS, CP type of DL PRS can be the same or different as for the initial DL BWP
· For DL PRS processing inside of the initial DL BWP, the SCS, CP type of DL PRS is the same as for the initial DL BWP.
· Potential impact of retuning time and expected RSTD assistance information on DL PRS reception performance is up to RAN4
· UE capability(ies) will be defined for DL PRS processing in RRC_INACTIVE state
· details are FFS
· Send an LS to RAN4 on agreed by RAN1 UE behavior for reception of DL PRS in RRC INACTIVE state

Agreement
1. The following options are supported for SRS for positioning transmission by RRC_INACTIVE UEs:
0. Option 1:
0. Subject to UE capability (which is a prerequisite for option 2), a UE may be configured with an SRS for Positioning associated with the initial UL BWP and transmitted, during the RRC_INACTIVE state, inside the initial UL BWP with the same CP and SCS as configured for initial UL BWP.
0. Option 2:
1. Subject to UE capability, a UE may be configured with an SRS for Positioning where the following parameters are additionally configured for the transmission of the SRS for Positioning during the RRC_INACTIVE state: frequency location and bandwidth, SCS, CP length. 
0. The UE shall not transmit the SRS for Positioning when it is expected to perform UL transmissions in the initial UL BWP in RRC_INACTIVE state.
1. RAN1 assumes that 
1. SRS for positioning for UEs in RRC_INACTIVE state is configured using the SRS-PosResourceSet IE
1. Send LS to RAN2 to define signaling for SRS for positioning configuration for RRC_INACTIVE UEs
RAN4 sent a reply LS (R4-2202687) to RAN1, which includes the following clarification question: Whether the PRS processing window defined for PRS measurements outside measurement gaps can be also applied for PRS measurements in RRC_INACTIVE state?
The PRS processing window has been introduced to support PRS measurements/processing outside of measurement gap. In our understanding, it might not be proper to directly reuse the current PRS processing window. For PRS measurement ourside of the BWP, MG configuration guarantees UE RF switching time and the UE does not need to consider serving cell signals. For RRM measurement based on SS/PBCH, SMTC window guarantees that the UEs can only perform measurement. Including RRM measurements, the UE may be able to measure PRS and transmission of SRS when the UE is awake according to DRX configuration. RAN1 needs further discussion to effectively support PRS measurement and/or SRS transmission of RRC_INACTIVE UEs.
Proposal 1: The direct reuse of the current PRS processing window may not support PRS measurement outside of the initial BWP of RRC_INACTIVE UEs RAN1 needs further discussion.
 Measurement reporting 
RAN1 has mainly discussed support of PRS processing and 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. The UE may reports 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 could be jointly used with the previously reported measurements to estimate the location. Since the UE could move in between multiple reporting instances, the UE needs to inform the LMF if it is able to jointly utilize the currently reported positioning measurements with the previously reported measurements.
Proposal 2: For the UE-assisted positioning for RRC_Inactive state, the UE informs LMF if the LMF is able to jointly utilize the current 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.
1.1.1  Requested PRS Parameters
RAN1 made the following agreement at RAN1#107e meeting.
Agreement
1. From RAN1 perspective, for LMF-initiated request of on-demand DL PRS, the following group of on-demand DL PRS parameters is defined and signaled
0. per resource set per positioning frequency layer per FR
1. DL PRS Periodicity
1. DL PRS Resource Bandwidth
1. DL PRS Resource Repetition Factor
1. Number of DL PRS Resource Symbols per DL PRS Resource
1. DL-PRS CombSizeN
Two options for indication of DL PRS QCL-Info, either
0. Option 1: per resource set per positioning frequency layer per FR
1. LMF recommends a list of QCL sources
0. Option 2: per resource set per positioning frequency layer per FR
2. LMF requests to provide the QCL information in the assistance data in NRPPa
0. per FR
3. Number of DL PRS frequency layers
0. either per resource set per positioning frequency layer or per UE
4. Start/end time of DL PRS transmission
0. either per resource, or per resource set, or per UE
5. ON/OFF indicator (for LMF initiated request only)

Agreement
1. From RAN1 perspective, for UE-initiated request of on-demand DL PRS, the following group of on-demand DL PRS parameters is defined and signalled
1. per positioning frequency layer per FR
1. DL PRS Periodicity
1. DL PRS Resource Bandwidth
1. DL PRS Resource Repetition Factor
1. Number of DL PRS Resource Symbols per DL PRS Resource
1. DL-PRS CombSizeN
1. per FR 
1. Number of DL PRS frequency layers
1. per UE
1. Start/end time of DL PRS transmission
Two options for indication of DL PRS QCL-Info, either
1. Option 1: per resource set per positioning frequency layer per FR
3. UE recommends a list of QCL sources
1. Option 2: per resource set per positioning frequency layer per FR
UE requests to provide the QCL information in the assistance data

As we mentioned above, one of benefits of the support of on-demand PRS functionality is network efficiency and latency reduction as the network would try to provide a target PRS that the UE needs. However, based on the current agreed parameter, the LMF may not be able to provide the desired PRS as the LMF has no knowledge about which PRS resource could be received without MG configuration.
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 it 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 it without MG configuration. Consequently, it may lead to unnecessary latency and resource inefficiency. Thus, 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 3: RAN1 to support PRS processing outside of MG 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.
Conclusion
We made the following proposals in this paper:
Proposal 1: The direct reuse of the current PRS processing window may not support PRS measurement outside of the initial BWP of RRC_INACTIVE UEs RAN1 needs further discussion.
Proposal 2: For the UE-assisted positioning for RRC_Inactive state, the UE informs LMF if the LMF is able to jointly utilize the current positioning measurements with the previously reported positioning measurements.
Proposal 3: RAN1 to support PRS processing outside of MG indicator as an additional parameter for UE-initiated on-demand DL PRS request.
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