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Introduction
In RAN-86 meeting, the study item of NR Positioning enhancements [1] was approved and it was revised in [2]. It aims to study on NR positioning enhancements. The detailed objectives on potential positioning enhancement are as follows:
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. 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 RAN1-102e meeting, agreements on potential positioning enhancement can be seen as follows [3]:
Agreement: 
· Semi-persistent and a-periodic transmission and reception of DL PRS will be investigated in Rel-17.
· FFS: the details on when and how to enable semi-persistent and a-periodic DL PRS
· FFS: to be supported for which positioning methods, e.g.,
· UE-assisted and/or UE-based positioning
· DL positioning and/or Multi-RTT
· On-demand transmission and reception of DL PRS will be investigated in Rel-17.
· FFS: the details on when and how to enable on-demand DL PRS
· FFS: to be supported for which positioning methods, e.g.,
· UE-assisted and/or UE-based positioning
· DL positioning and/or Multi-RTT
· Notes: 
· Semi-persistent means MAC-CE triggered
· Aperiodic would correspond to DCI-triggered
· On-demand corresponds to the UE-initiated or network-initiated request of PRS and/or SRS. So, it is NOT the same as whether PRS is DCI-triggered or MAC-CE triggered. It is about UE or LMF request/suggesting/recommending specific PRS pattern, ON/OFF, periodicity, BW, etc. 
Agreement:
· Multipath mitigation techniques will be investigated in this SI for improving positioning accuracy, which may include, but not limited to the following:
· The applicable scenarios and performance benefits of multipath mitigation techniques 
· The methods/measurement/signaling for the LOS/NLOS detection and identification
· The measurements for supporting the multipath mitigation/utilization
· The procedure and signaling for supporting the multipath mitigation/utilization
· Implementation-based solutions (e.g., outlier rejection) without the need of any additional specified method/measurements/procedures/signaling.
· Note: The above study applies to DL only, UL only, DL+UL positioning solutions for UE-based and UE-assisted positioning.
Agreement: 
· NR positioning for UEs in RRC_IDLE state and UEs in RRC_INACTIVE state will be investigated in Rel-17, including the benefits on latency, network/UE efficiency and UE power consumption
· FFS: which positioning methods to be supported, e.g., DL positioning, UL positioning, DL+UL positioning and/or Multi-RTT
· FFS: the details of how to enable the UE positioning in RRC_IDLE state and RRC_INACTIVE state
· Reference signals (e.g., based on DL PRS signals, UL SRS signals, both of them, etc.)
· Signaling and procedures (e.g., based on PRACH procedure, paging triggered UL SRS transmission, etc.)
Agreement:
· For reducing NR positioning latency, more efficient signaling & procedures will be investigated to enable a device to request and report positioning information, which may include, but not limited to, the following aspects:
· DL PRS/UL SRS configuration, activation or triggering.
· The request for positioning information (the assistance data, etc.).
· The report of positioning information (the measurement report, etc.).
· Note: It is not within RAN1 scope to analyze positioning architecture enhancements to enable such more efficient signaling & procedures. 
· Note: RAN1 does not make any assumptions on whether the LCS architecture specified in TS 23.273 is enhanced or not.
In this contribution, we want to further discuss about the potential positioning enhancements.  
PRS enhancement 
On-demand PRS 
It was agreed in last RAN1 meeting, Semi-persistent and a-periodic transmission and reception of DL PRS will be investigated in Rel-17 as well as on-demand transmission and reception of DL PRS.  As noted in the agreement, when and how to enable Semi-persistent and a-periodic PRS need to be further discussed. From our point of view, it should be enabled on-demand. Thus we can divide on demand PRS into on-demand Semi-persistent PRS and on-demand a-periodic PRS.
For the positioning request, there are two existed alternatives. Alt 1 is that UE initiated the positioning request to the LMF. And Alt 2 is that LMF initiated the positioning request to UE. In order to reduce the latency, it is possible to initiate the positioning request through Uu interface. So Alt 3 is that UE initiated the positioning request to the serving gNB and Alt 4 is that gNB initiated the positioning request to UE.
As for Alt 3, there are two options to indicate the positioning request.
· Option 3-1: indicate the positioning request by transmission of random access preamble on PRACH.
· With this option, UE can further indicate the recommending PRS configuration parameter set ID by PUSCH in Msg 3 or Msg A. 
· Option 3-2: indicate the positioning request by transmission of SR on PUCCH.
· With this option, UE can further indicate the recommending PRS configuration parameter set ID by PUSCH scheduled by gNB responding to the SR. 
While the mapping between PRS configuration parameter set ID and related PRS configuration parameter set need to be known by UE in advance, which can be transmitted to the UE by LMF or serving gNB.
Upon receiving the positioning request, serving gNB sends the triggering indication to UE by MAC CE or DCI. While on-demand semi-statically PRS will be triggered by MAC CE,   on-demand aperiodic PRS will be triggered by DCI. At the same time, serving gNB also sends triggering indication to other TRPs directly or through LMF. After above procedure, positioning measurement can be started.
As for Alt 4, there are also two options to indicate the positioning request.
· Option 4-1: indicate the positioning request by paging.
· With this option, gNB needs to further indicate the PRS configuration parameter set ID by MAC CE or DCI. 
· Option 4-2: indicate the positioning request by MAC CE or DCI.
· With this option, gNB indicates the PRS configuration parameter set ID directly for positioning request initiation. 
As same as Alt 3, the mapping should be known by UE in advance and gNB need to send triggering indication to other TRPs.  After above procedure, positioning measurement can be started.
[bookmark: _Ref40027425]Proposal 1: To introduce positioning request between UE and serving gNB.
· UE can indicate the positioning request to gNB by PRACH or SR.
· gNB can indicate the positioning request to UE by paging or MAC CE/DCI.
Proposal 2: Support UE to recommend the PRS configuration parameter set ID by PUSCH during RA procedure or scheduled responding to SR.
Proposal 3: Support gNB to indicate the PRS configuration parameter set ID by MAC CE/DCI.
Proposal 4: The mapping between PRS configuration parameter set ID and related PRS configuration parameter set need to be transmitted to UE by LMF or serving gNB in advance.
Simultaneous transmission and reception 
BWP switching for positioning measurement 
In order to reduce the data interruption during positioning measurement, BWP switching is an alternative. It means that switch the current active BWP for data transmission to the positioning BWP and take the positioning BWP as a new active BWP. In this case, the UE can perform both data reception and PRS measurement on the same active BWP. 
Proposal 5: BWP switching can be used for PRS measurement instead of measurement gap.
Priority definition for PRS 
But the disadvantage of BWP switching for positioning measurement is that UE need to monitor the larger bandwidth of positioning BWP even on the time of no PRS transmission, which will introduce high power consumption. In addition, if there is only a small data for that UE, some resource waste will be introduced since the granularity of frequency domain resource assignment is much larger with large BWP size. 
Dynamically switching between data BWP and positioning BWP can solve above problems, but interruption will be resulted in even though the interruption will be shorter than that of measurement gap. For UE with high capability, it can simultaneously support data BWP and positioning BWP with different RF respectively. But for UE with low capability, either data interruption or high power consumption will be experienced. 
In Rel-16, UE is not expected to process DL PRS in the same OFDM symbol where other DL signals and channels are transmitted to the UE. Considering the latency of positioning measurement and data transmission, it is better to support transmission of PRS and other signals/channels in the same OFDM symbol. Thus it is necessary to define the priority of data and PRS. If the PRS is configured for positioning with short latency, the PRS should indicated as higher priority. Else, the PRS can be indicated as lower priority. If there is resource collision between PRS and other signals/channels, dropping will be performed according to the priority rules.
Proposal 6: The priority of PRS should be differentiated for different latency requirement.
Beam management for positioning
In order to perform positioning PRS measurement with short latency, it is better to perform beam management before positioning PRS configuration. Considering PRS measurement bandwidth, it may need to perform beam management of non-active BWP, beam management of Multi-TRP and beam management of neighboring cell. These beam managements will result in high signaling overhead, long latency and high power consumption.
For beam management of non-active BWP, it is possible to reuse the beam management results of active BWP within the same TRP. Thus only beam management on active BWP of Multi-TRP and/or neighboring cell is needed.
As for beam management of neighboring cell, both UE based and gNB based beam measurement should be supported for neighboring cell beam management. For UE based beam measurement, it is preferred to configure cell specific reference signal for beam management of neighboring cell, e.g., SSB. In this case, the signaling overhead in neighboring cell and beam management latency can be reduced. And it is also better to configure a cell specific reference signal with smaller transmission period. While for neighboring gNB based beam measurement, UE need to transmit the beam measurement reference signal, such as SRS. It is preferred to reuse the SRS for other use cases if possible, for example, reuse beam management SRS for serving cell. In this case, there will be no more impact on UE side. It is the neighboring gNB that measures the beam management reference signal and send the measurement report to the UE’s serving gNB. 
In order to improve the positioning accuracy, it is very important to find the LOS path or the first arrival path. Since only the first arrival path can indicate the accurate distance between the UE and the TRP. But during beam management procedure, it is possible that the beam with the strongest L1-RSRP/L1-SINR is not the one refer to the first arrival path. Thus the beam refer to the first arrival path may not be included in the beam measurement report. If gNB configure PRS resources based on beam measurement report, there may be no PRS resource with beam refer to the first arrival path. That will decrease the positioning accuracy. If gNB configure more PRS resources, e.g., based on gNB Tx sweeping, the signaling overhead and the latency for positioning measurement will be increased. In order to solve this problem, we propose to find the first arrival path during beam management procedure and report to the gNB. For example, the arrival time of each beam can be included in the beam measurement report. Based on the enhanced beam measurement report, gNB can configure PRS resources with early arrival time. Thus the latency for positioning measurement will be reduced.   
Proposal 7: To indicate the first arrival path by reporting the arrival time of each beam in beam measurement report.
 Positioning in Idle/Inactive states
In Rel-16 positioning, most discussions focus on connected UE. But there are some cases in which positioning for idle/inactive UE is necessary too. For example the IoT device, such as children’s watch with tracking function. In this scenario, periodic positioning for idle UE is needed. If only positioning for connected UE is supported, the UE needs to switch between idle and connected mode frequently. That will introduce high signaling overhead and UE power consumption. Thus positioning for Idle/inactive UE should be supported.
For idle/inactive UE, there is no LPP message between UE and LMF. If the DL positioning is initiated by network, idle/inactive UE at least need to provide the PRS measurements to gNB. According to the Rel-17 small data WI, the small data can be transmitted during the RACH procedure. So a straightforward way for idle and inactive UE reporting the PRS measurements is using PUSCH in Msg 3 or Msg A during RACH procedure.
Proposal 8: Measurement report can be sent to gNB by PUSCH in Msg 3 or Msg A during random access procedure for idle/inactive UE.
Currently, the PRS configuration was provided to UE by a LPP message from LMF or by the positioning system information broadcasted by gNB for specific positioning methods. However, for LPP message, the idle and inactive UE can’t directly receive the LPP message. Considering the PRS configuration does not change frequently, the PRS configuration could be pre-configured when the UE is in connected state. For example, the PRS configuration can be provided to UE by LPP message when UE is in connected state and then UE can apply the PRS configuration when UE transmits to the idle or inactive state. 
Proposal 9: Consider to pre-configure the PRS for idle/inactive UE when UE is in connected mode.
In order to support UL and DL&UL positioning methods for Idle/inactive UE, RACH procedure can be reused. And preamble can be used as UL positioning reference signal. Considering the PRACH resource and preamble for random access usage and positioning usage, it is possible to configure both common PRACH resource/preamble and dedicated PRACH resource/preamble for positioning usage. In order to support DL&UL positioning method, PUSCH in Msg.3 of 4-step RACH and PUSCH in Msg. A of 2-step RACH can be used to indicate the time difference between reference signal reception and transmission at UE side. However, there is one problem for idle/inactive UE. Since multi-TRP is required to support positioning, it is necessary to send independent preamble to multi-TRPs. In order to reduce the positioning latency and improve the positioning accuracy, it is better to send more than one preamble to each TRP with different beam. And the beam is same as the detected SSB from each TRP. But if more than one preamble is sent to a TRP, it may introduce impacts on efficiency of random access and high UE power consumption. Thus we propose to limit the number of SSBs referring to which the preamble is sent in each TRP. However, it is easy to differentiate TRPs from different cell. But if there are more than one TRP in a cell, it is difficult to differentiate the SSBs from different TRPs.  From our point of view, it is better to indicate UE the TRP index of each SSB. It can be indicated by both explicit and implicit signaling.
Proposal 10: Random access procedure can be reused for UL and DL&UL positioning of Idle/Inactive UE.
Proposal 11: Random access preamble can be reused as UL reference signal for Idle/Inactive UE.
Conclusion
In this contribution, we discussed about the NR positioning enhancement. Based on above discussion, we provide the following proposals.
Proposal 1: To introduce positioning request between UE and serving gNB.
· UE can indicate the positioning request to gNB by PRACH or SR.
· gNB can indicate the positioning request to UE by paging or MAC CE/DCI.
Proposal 2: Support UE to recommend the PRS configuration parameter set ID by PUSCH during RA procedure or scheduled responding to SR.
Proposal 3: Support gNB to indicate the PRS configuration parameter set ID by MAC CE/DCI.
Proposal 4: The mapping between PRS configuration parameter set ID and related PRS configuration parameter set need to be transmitted to UE by LMF or serving gNB in advance.
Proposal 5: BWP switching can be used for PRS measurement instead of measurement gap.
Proposal 6: The priority of PRS should be differentiated for different latency requirement.
Proposal 7: To indicate the first arrival path by reporting the arrival time of each beam in beam measurement report.
Proposal 8: Measurement report can be sent to gNB by PUSCH in Msg 3 or Msg A during random access procedure for idle/inactive UE.
Proposal 9: Consider to pre-configure the PRS for idle/inactive UE when UE is in connected mode.
Proposal 10: Random access procedure can be reused for UL and DL&UL positioning of Idle/Inactive UE.
Proposal 11: Random access preamble can be reused as UL reference signal for Idle/Inactive UE.
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