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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 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. Define additional scenarios (e.g. (I)IoT) based on TR 38.901 to evaluate the performance for the use cases (e.g. (I)IoT). [RAN1]
b. Evaluate the achievable positioning accuracy and latency with the Rel-16 positioning solutions in (I)IoT scenarios and identify any performance gaps. [RAN1]	
c. 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]
NOTE 1:	Sidelink is not part of this objective.
NOTE 2:	Involve RAN4 for validating assumptions for the systems evaluations where appropriate.
NOTE 3:	The commercial use cases and requirements are applicable to a limited geographic area.
2. Study solutions necessary to support integrity and reliability of assistance data and position information: [RAN2]
a. Identify positioning integrity KPIs and relevant use cases.
b. Identify the error sources, threat models, occurrence rates and failure modes requiring positioning integrity validation and reporting. 
c. Study methodologies for network-assisted and UE-assisted integrity.
NOTE 4:	Objective 2 is applicable to both, RAT-dependent and RAT-independent positioning methods.
In this contribution, we discuss about the potential positioning enhancements.  
PRS enhancement 
On-demand PRS 
In Rel-16, it was agreed that only periodic DL PRS is supported and the minimum periodicity of 4 slots [3], which can be seen as follows. And in order to reduce the latency, it can be repeated in each period with configuration by Resource repletion factor and resource time gap. In addition, for signaling overhead reduction and collision avoidance, it can also be muted by muting patterns. However, In Rel-16, DL PRS is configured by LPP which is transparent to the serving cell and with long reconfiguration latency. And it is difficult to configure a suitable period and repetition parameters to tradeoff the signaling overhead and latency.-	dl-PRS-Periodicity-and-ResourceSetSlotOffset-r16 defines the DL PRS resource periodicity and takes values slots, where for dl-PRS-SubcarrierSpacing-r16=15, 30, 60 and 120 kHz respectively and the slot offset for DL PRS resource set with respect to SFN0 slot 0. All the DL PRS resources within one DL PRS resource set are configured with the same DL PRS resource periodicity. 
-	dl-PRS-ResourceRepetitionFactor-r16 defines how many times each DL-PRS resource is repeated for a single instance of the DL-PRS resource set and takes values ,. All the DL PRS resources within one resource set have the same resource repetition factor.
-	dl-PRS-ResourceTimeGap-r16 defines the offset in number of slots between two repeated instances of a DL PRS resource with the same nr-DL-PRS-ResourceSetId-r16 within a single instance of the DL PRS resource set. The UE only expects to be configured with dl-PRS-ResourceTimeGap-r16 if dl-PRS-ResourceRepetitionFactor-r16 is configured with value greater than 1. The time duration spanned by one instance of a nr-DL-PRS-ResourceSet-r16 is not expected to exceed the configured value of DL PRS periodicity. All the DL PRS resources within one resource set have the same value of dl-PRS-ResourceTimeGap-r16.
-	dl-PRS-MutingPatternList-r16 defines the time locations where the DL PRS resource is expected to not be transmitted for a DL PRS resource set. If mutingOption1 is configured, each bit in the bitmap of mutingOption1 corresponds to a configurable number provided by higher layer parameter dl-PRS-MutingBitRepetitionFactor-r16 of consecutive instances of a DL PRS resource set where all the DL PRS resources within the set are muted for the instance that is indicated to be muted. The length of the bitmap can be {2, 4, 6, 8, 16, 32} bits. If mutingOption2 is configured each bit in the bitmap of mutingOption2 corresponds to a single repetition index for each of the DL PRS resources within each instance of a nr-DL-PRS-ResourceSet-r16 and the length of the bitmap is equal to the values of dl-PRS-ResourceRepetitionFactor-r16. Both mutingOption1 and mutingOption2 may be configured at the same time in which case the logical AND operation is applied to the bit maps as described in Clause 7.4.1.7.4 of TS 38.211.

In Rel-17 WID, it proposed to study enhancements and solutions necessary to support the low latency and network efficiency (scalability, RS overhead, etc.) requirements, thus it is necessary to configure on-demand DL PRS to achieve the requirements. For example, aperiodic and semi-persistent scheduling DL PRS can be introduced. 
For semi-persistent scheduling DL PRS, it can be configured by LPP or RRC of serving cell, and activated by MAC CE of serving cell. While for an aperiodic DL PRS, it can also be configured by LPP or RRC of serving cell, and be triggered by DCI (or triggered by both MAC CE and DCI). 
[bookmark: _Ref40027425]Proposal 1: Consider to introduce On-demand DL PRS to reduce the latency and signaling overhead.
PRS reception without measurement gap
In Rel-16 specification, if the DL PRS resource locates on a BWP which is outside the active DL BWP or with a numerology different from the numerology of the active DL BWP, the UE is not able to measure such PRS resource unless measurement gap is configured. While in current specification, the measurement gap appears with periodicity value from 20ms to 160ms, and with gap length value from 1.5ms to 6ms. And during measurement gap, the UE can only perform measurement of PRS, the data transmission or reception on the active BWP must be interrupted. Such data interruption and latency cannot be tolerable for some service. But performing PRS measurement within active DL BWP may decrease the positioning accuracy because of the narrow bandwidth.
In order to solve this problem, we propose to introduce some methods. The first one is to switch the active BWP to the positioning BWP. It means to 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. But the disadvantage is that if there is only a small data for that UE, some resource waste will be introduced since the granularity of frequency domain resource assignment in DCI is much larger with large BWP size. In addition, UE need to monitor the larger bandwidth of positioning BWP even on the time of no PRS transmission.
The second one is to perform data reception and PRS measurement by different UE panels. And different panel works on different DL BWP. In this case, it can configure one or two active DL BWPs for a UE. If only one active DL BWP is configured, the DL BWP for data reception is the active DL BWP and the PRS BWP is a non-active BWP. It is necessary to specify performing PRS measurement on non-active BWP. If two active DL BWPs are configured, the DL BWP for data reception is the primary active DL BWP and the PRS BWP is the secondary active BWP. It is necessary to specify the configuration of two active BWPs. With these methods, the PRS can be transmitted by TDM with the service data. But the disadvantage is that the panel for data reception cannot be used for PRS measurement.
Proposal 2: It is necessary to study the method on PRS reception without measurement gap.
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. 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. 
Proposal 3: Both UE based and gNB based beam managements of neighboring cell should be supported. Cell specific reference signal is preferred for UE based beam measurement of neighboring cell. Reusing beam management reference signal of serving cell for gNB based beam measurement of neighboring cell is preferred.
Because of multi-TRP, it needs to study beam measurement method to reduce the beam management latency. For UE with multi-panel, it is better to configure more than one reference signal transmitted at the same time with different beam. These reference signals may be transmitted by different TRP of different cell. And the UE can receive multiple reference signals with different panel respectively. Thus the time of beam management can be reduced.
Proposal 4: Multi-reference signal transmitted at the same time with different beam should be configured for UE with multi-panel to reduce beam management latency.
In order to improve the positioning accuracy, it is very important to find the LOS path. Since only the LOS path can indicate the real distance between the UE and the TRP. But during beam management procedure, it is possible that the strongest L1-RSRP/L1-SINR does not belong to the beam refer to the LOS path. Thus the beam refer to the LOS 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 LOS 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 LOS path during beam management procedure and report to the gNB. Based on the enhanced beam measurement report, gNB can configure PRS resources refer to the LOS path or near the LOS path. Thus the time for positioning measurement will be reduced.   
Proposal 5: We suggest to find the LOS path during beam management procedure.
 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.
While in Rel-16, only UE-assisted DL positioning based on broadcast of PRS is supported for UE in RRC Idle/Inactive mode. With UE-assisted DL positioning, the UE performs the PRS measurements and then sends the measurement report to the LMF. While in our opinion, it is also necessary to support the UL and DL&UL positioning methods for Idle/inactive UE.
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 between random accesses usage and positioning usage, it is possible to configure both common PRACH resource/preamble and dedicated PRACH resource/preamble for positioning. 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 as well as the measurement reports based on broadcast PRS. 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 6: Random access procedure can be reused for UL and DL&UL positioning of Idle/Inactive UE.
Proposal 7: Random access preamble can be reused as UL reference signal for Idle/Inactive UE.
Proposal 8: To limit the number of SSBs referring to which the preamble is sent in each TRP.
Beside the random access procedure for UL and DL&UL positioning of Idle/Inactive UE, the pre-configured PRS for idle/inactive UE also could be considered. For DL positioning, a UE acquires the PRS configuration from gNB or LMF and performs PRS measurement and then reports the measurement results to the network. For the idle and inactive UE, this positioning procedures also need to be studied. 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.
Conclusion
In this contribution, we discuss about the NR positioning enhancement. Based on above discusses, we provide the following proposals.
Proposal 1: Consider to introduce On-demand DL PRS to reduce the latency and signaling overhead.
Proposal 2: It is necessary to study the method on PRS reception without measurement gap.
Proposal 3: Both UE based and gNB based beam managements of neighboring cell should be supported. Cell specific reference signal is preferred for UE based beam measurement of neighboring cell. Reuse beam management reference signal of serving cell for gNB based beam measurement of neighboring cell is preferred.
Proposal 4: Multi-reference signal transmitted at the same time with different beam should be configured for UE with multi-panel to reduce beam management latency.
Proposal 5: We suggest to find the LOS path during beam management procedure.
Proposal 6: Random access procedure can be reused for UL and DL&UL positioning of Idle/Inactive UE.
Proposal 7: Random access preamble can be reused as UL reference signal for Idle/Inactive UE.
[bookmark: _GoBack]Proposal 8: To limit the number of SSBs refer to which preamble is sent to each TRP.
Proposal 9: Consider to pre-configure the PRS for idle/inactive UE when UE is in connected mode.
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