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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 
In order to support positioning in RRC inactive mode the measurements themselves should be applicable in those states. To make this simple change the definitions in TS 38.215 need slight updating. At least the DL RSTD and DL PRS-RSRP measurements should apply to RRC Inactive mode. 
Proposal 1: Make at least the DL RSTD and DL PRS-RSRP measurements applicable for the RRC_INACTIVE state. 
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 consequetive 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 two subsections elaborate on such PRS configuration parameters. The cases of LMF-initiated on-demand PRS (where PRS configuration parameters are reported by UE to LMF) and UE-initiated on-demand PRS (where PRS configuration parameters are requested by the UE to LMF) are treated separately.
1.1.1  Reported Parameters UE to LMF 
In the LMF-initiated on-demand PRS case, the LMF requests feedback from the UE regarding the quality of reference signals that the UE can detect. This feedback is utilized by the LMF to request concrete PRS configurations from the respective gNBs. Details on the procedure associated with such UE feedback and subsequent request for PRS configuration are given in [7].
The parameters contained in such UE feedback report should relate to required information that the LMF can process to determine a) which direction the PRS transmissions should be transmitted per gNB; b) the resources allocated to such PRS transmissions. As such, the reported parameters from UE to LMF may include at least the following: L1-RSRP and/or L1-SINR reports; resource and/or resource set indices associated with DL Reference Signals (RS), e.g., Synchronization Signal Blocks (SSB) reports; PRS quality measurement reports. The reported parameters should be beam specific, that is including the DL Tx beam index information. Additionally, the reported parameters may include beam failure indication that assists LMF on which beam is currently detected at UE and thus should convey PRS.
Proposal 2: UE to LMF reported parameters include beam-specific measurement reports that assist the LMF determine and request certain PRS resources to the gNB. 
For on-demand PRS, UE does not necessarily have to support new measurements and we do not envision RAN1 to define new measurements. Existing SSB based RSRP and PRS based measurements should suffice. However, there may be new configurations of existing measurements required (for example, different measurement thresholds configured at the UE) such that the UE feedback covers a sufficiently large number of neighbouring TRPs and PRS resources – beams – per TRP. It is noted that such new configurations should not be confused with L3 reporting measurement configurations, since for positioning purposes the number of reported reference signals by neighboring gNbs is considerably larger than in the case of mobility.
Proposal 3: UE feedback for on-demand PRS does not necessarily need UE support for new measurements; existing measurements can be reused instead. However, new configurations on existing measurements might be needed, which account for reporting a sufficiently large set of PRS resource per TRP measurements as part of UE feedback for on-demand PRS. 
1.1.2  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. 
Proposal 4: Requested PRS parameters include PRS bandwidth, number of consecutive subframes within a positioning occasion and PRS periodicity (periodicity of positioning occasions).
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). 
Proposal 5: PRS parameters can be requested either by UE to LMF (case of UE-initiated on-demand PRS), or by LMF to gNB (case of LMF-initiated and UE-initated on-demand PRS). 
1.1.3  Expected AoD
RAN1 #104bis 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 6: 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 proposals in this paper:
Proposal 1: Make at least the DL RSTD and DL PRS-RSRP measurements applicable for the RRC_INACTIVE state.
Proposal 2: UE to LMF reported parameters include beam-specific measurement reports that assist the LMF determine and request certain PRS resources to the gNB. 
Proposal 3: UE feedback for on-demand PRS does not necessarily need UE support for new measurements; existing measurements can be reused instead. However, new configurations on existing measurements might be needed, which account for reporting a sufficiently large set of PRS resource per TRP measurements as part of UE feedback for on-demand PRS.
Proposal 4: Requested PRS parameters include PRS bandwidth, number of consecutive subframes within a positioning occasion and PRS periodicity (periodicity of positioning occasions).
Proposal 5: PRS parameters can be requested either by UE to LMF (case of UE-initiated on-demand PRS), or by LMF to gNB (case of LMF-initiated and UE-initated on-demand PRS). 
Proposal 6: 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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