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1. Introduction
A study item for NR positioning enhancement was approved in Rel-17 with the focus on IIOT use cases [1]. In RAN1#102-e, comprehensive discussions were carried out to identify the potential mechanisms for Rel-17 positioning enhancement [2] and the following agreements were achieved as below [3]:
	Agreement:
Partial staggering and non-staggering RE mapping of SRS for positioning with different combinations of comb-factors and symbol lengths will be investigated in Rel-17.
· The methods/signalling for addressing potential time-domain aliasing due to the partial/non-staggering RE mapping will be included in the study.
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.
Agreement:
· Aggregating multiple DL positioning frequency layers of the same or different bands for improving positioning performance for both intra-band and inter-band scenarios will be investigated in Rel-17, which may take into account at least the following
· The scenarios and performance benefits of aggregating multiple DL positioning frequency layers
· The impact of channel spacing, timing offset, phase offset, frequency error, and power imbalance among CCs to the positioning performance for intra-band contiguous/ non-contiguous and inter-band scenarios
· UE complexity considerations
· Note: What is captured in the TR will be discussed separately.
Agreement:
Simultaneous transmission by the UE and reception by the gNB of the SRS for positioning across multiple CCs and multiple slots can be investigated in Rel-17, which may consider 
· The scenarios and performance benefits of the enhancement
· The impact of channel spacing, TA and timing offset, phase offset, frequency error, and power imbalance across slots or CCs to the positioning performance for intra-band contiguous/ non-contiguous and inter-band scenarios 
Agreement:
The scenario, benefits, and methods for improving the accuracy of the UL AoA and DL-AoD methods for both UE-based and network-based (including UE-assisted) positioning can be investigated in Rel-17.

Agreement:
The scenario, benefits, methods and signaling for improving positioning accuracy in the presence of the UE Rx/Tx transmission delays, and/or and gNB Rx/Tx transmission delays, will be investigated for UE-based and network-based (including UE-assisted) positioning in Rel-17.


In this contribution, we continue to present our views on potential enhancements in additional to the above-mentioned solutions.
2. Potential Enhancements for DL PRS
Enhance RE mapping DL PRS 
In Rel-16, the RE offset on each symbol within a DL PRS resource is determined by a RE offset configured to the first symbol and a pre-defined relative RE offset with respect to the first symbol.  One critical issue caused by this RE mapping method is two DL PRS resources with overlapping symbols and configured with different initial RE offsets could collide with same RE offset in one overlapped symbol.  The consequence is those two DL PRS resources would experience full interference from each other in that symbol, which are supposed to be orthogonal to each other because we configure different initial RE offset. The consequence is the number of orthogonal DL PRS resources are reduced. One example of PRS resource with Comb size 4 is used to illustrate that interference issue. Consider two DL PRS resources that partially overlap in time-domain. DL PRS resource #A is configured with Comb size = 4a and number of symbols = 4, initial RE offset = 0 and starting OFDM symbol = . DL PRS resource #B is configured with Comb size =4, number of symbols = 4, initial RE offset = 1 and starting OFDM symbol = .  Based on this configuration, we can observe that:
· The RE offsets for PRS resource #A on symbols  are 0, 2, 1, and 3.
· The RE offsets for PRS resource #B on symbols  are 1, 3, 2 and 0.
· We can observe that PRS resource #A and #B overlap on RE offset 2 on symbol .
· The consequence the capacity of PRS resources is reduced because the system cannot configure PRS resource #B with initial RE offset = 1 to avoid the interference on symbol 
[bookmark: _Hlk53430119]Proposal 1: Study to enhance the RE mapping of DL PRS resource to resolve the interference issue and increase the capacity of DL PRS resource.

There was also a discussion on partial staggering and non-staggering PRS RE mapping in the last meeting [2], but no consensus was made. The disadvantage of partial staggering and non-staggering PRS RE mapping is the aliasing. Thus, there were not supported in Rel-16. According to Rel-17 positioning SID, the study is focusing on indoor scenarios (e.g., factory), where the differences among propagation times of PRS from different TRPs will be relatively small. Therefore, aliasing will no longer be an issue for these scenarios. On the other hand, partial staggering and non-staggering PRS RE mapping will reduce the overhead of PRS resources and latency. Therefore, Rel-17 should support it to offer flexibility for IIoT scenarios. 
[bookmark: _Hlk53430145]Proposal 2: Support partial staggering and non-staggering PRS RE mapping with different combinations of comb-factors and symbol lengths.
UE-specific DL PRS
In Rel-16, the configuration of DL PRS resource is system-specific and the transmission of DL PRS resource is periodic. For each TRP, the system can configure up to two sets of DL PRS resources. The transmission parameters, for example bandwidth, transmission periodicity, QCL assumption (including the transmit beam direction) are statically configured. All the UE in the same serving cell measure the same sets of PRS resource for positioning. However, different UEs could have different requirement on the DL PRS resource transmission because they require different positioning accuracy, latency and they are located in different beam directions of the TRP. Thus a system-specific configuration and transmission of DL PRS resource cannot provide a good balance between the system resource efficiency and performance of positioning service. In RAN1#102-e meeting, we agreed to investigate On-demand DL PRS and semi-persistent and aperiodic reception of DL PRS.
Regarding the transmission of semi-persistent DL PRS and aperiodic DL PRS, the framework of semi-persistent and aperiodic CSI-RS can be used as starting point. For the semi-persistent DL PRS, the NW can use MAC CE to activate or deactivate the transmission of a set of DL PRS resource. For the aperiodic DL PRS resource, the NW can use a DCI to trigger the transmission of a set of DL PRS resource. Generally, the UE would need to measure DL PRS resource multiple times and thus it is desired that an aperiodic DL PRS resource set shall be transmitted multiple times upon one trigger. 
Proposal 3: The framework of SP and AP CSI-RS can be used as the starting point for SP and AP DL PRS. Support a multi-instance transmission of AP DL PRS.

For on-demand DL PRS, the UE can request the transmission of DL PRS with configuration. For example, the UE can request gNB to transmit DL PRS with a given periodicity. The UE can request to the gNB to transmit DL PRS with beam direction. In our view, the on-demand DL PRS can be applied in all the positioning methods involving DL PRS resource measurement, including UE-assisted DL-based method, UE-assisted multi-RTT method and UE-based positioning.  The following configuration parameter can be configured UE-specifically for on-demand DL PRS:
· QCL configuration: different UE could see different ‘best beam pair link’. The UE can request the NW to transmit DL PRS with the best Tx beam.
· Number of PRS resource repetition
· The BW of PRS resource
· The number of symbols, Comb size and periodicity
· Number of transmission instances: the UE can request the NW to transmit particular PRS resource N times.

Proposal 4: For on-demand DL PRS:
· Support it for UE-based positioning, UE-assisted DL-based method, UE-assisted multi-RTT method
· Support UE-specific configuration of the following parameters: QCL configuration, number of PRS resource repetition, BW, number of symbols, comb size, periodicity, number of transmission instances.

Muting DL PRS transmission is specified in Rel-16 and two modes of muting are supported. One mode is muting all the PRS resources in one PRS resource set in some periodic transmission instances. Another mode is muting one or more repetitions of all PRS resources in one PRS resource set in all the periodic transmission instances. Rel-16 also supports configuring both modes, i.e., using the AND of two muting pattern bitmaps. The issue of the muting methods is the same muting pattern is always applied to all the PRS resources configured in one set. As we know, multiple DL PRS resources in one set are used to support Tx beam sweeping operation and the TRP can apply different Tx beams on different DL PRS resources in one set.  The purpose of muting PRS resource is to mute one PRS resource transmission temporarily so that the UE is able to receive other PRS resource transmitting on the same time and frequency resource. In multi-beam system, the PRS resources are highly beamformed. One UE does not receive all the PRS resource with good signal strength. Thus, for that UE, we do not need to mute the PRS resources transmitted with Tx beam not aligned with the UE, from which the UE only experiences weak signals. However, the muting methods supported in Rel-16 mute the transmission of all the PRS resources, i.e., all transmit beam directions, by the same means. That would cause waste of resource overhead used to transmit DL PRS and limit the flexibility of PRS transmission.  
[bookmark: _Hlk53430158]Proposal 5: Study to support DL PRS resource-specific muting.

Aggregation of multiple positioning frequency layer 
In RAN1#102-e meeting, we agreed to investigate aggregating DL PRS from multiple frequency layers for improving positioning performance.  As specified in Rel-16, one each UE can be configured with up to four frequency layers for DL PRS resource and the bandwidth of DL PRS is up to 100MHz in FR1. The motivation for aggregating DL PRS from different multiple frequency layers is clear. First of all, using DL PRS from multiple frequency layers can increase the number DL PRS resources that can be used for one measurement. Secondly, aggregating DL PRS resource in different frequency layers can potentially increase the equivalent bandwidth of DL PRS source. Generally, there are two different methods to utilize the DL PRS resources in multiple frequency layers to improve the positioning performance:
· One method is the UE can utilize the DL PRS resources in multiple frequency layers for one measurement. By doing that, the UE can use more DL RRS resource within a given time duration to conduct one measurement and thus the timing-based and RSRP-based measurement can be improved.
· Another method is the UE can aggregate multiple simultaneous DL PRS resources in different frequency layers. The benefit of this method is a larger bandwidth- DL PRS can be used for timing-based measurement. But it might not be feasible considering the carrier aggregation configuration and the receiver RF structure at the UE side.
There are two different types of carrier aggregation: inter-band CA and intra-band CA. The design of RF transceiver depends critically on the CA types.  For inter-band CA, different inter-band carrier signals are supported and thus different parallel signal paths are needed and optimized for different bands. An example of receiver structure is shown in Figure 1. For intra-band CA, because of the limited IF spectrum coverage with baseband circuits, for example amplifier, filter etc, we still need multiple different receive signal paths to support both contiguous and non-contiguous intra-band CA, where an example of receive structure is shown in Figure 2.


Figure 1: receiver architecture for inter-band CA


Figure 2: receiver architecture for intra-band CA
[bookmark: _Hlk53430103]Observation 1: it is not feasible to support coherently aggregate DL PRS resource in multiple different frequency layers given the receiver architecture for inter-band CA and intra-band CA.
To support coherently aggregating DL PRS resource from multiple frequency layers, it would impose great complexity on UE transceiver design. That would require the UE to use signal RF and IF signal path to receive the signals from multiple carriers and the it also requires the UE to implement much higher-speed ADC device. That would greatly increase   
[bookmark: _Hlk53430112]Observation 2: Supporting coherent aggregation of DL PRS resource in multiple frequency layers would increase the UE complexity greatly.
On the other hand, from the perspective of network side, the timing alignment error will impact the positioning accuracy. TS 38.104 gives the requirement for timing alignment error as below
	TS 38.104
[bookmark: _Toc13079643][bookmark: _Toc29811131][bookmark: _Toc29811582]6.5.3.2	Minimum requirement for BS type 1-C and BS type 1-H
For MIMO transmission, at each carrier frequency, TAE shall not exceed 65 ns.
For intra-band contiguous carrier aggregation, with or without MIMO, TAE shall not exceed 260ns.
[bookmark: OLE_LINK264][bookmark: OLE_LINK265]For intra-band non-contiguous carrier aggregation, with or without MIMO, TAE shall not exceed 3µs.
For inter-band carrier aggregation, with or without MIMO, TAE shall not exceed 3µs.


According to the current RAN4 transmission requirement of timing alignment error for different component carriers, aggregation of multiple positioning layers cannot offer better positioning accuracy.  
Observation 3: it is not feasible to support higher positioning accuracy based on aggregationof multiple different frequency layers given the current RAN4 requirement of timing alignment error for gNB.

Given the above discussion and observation, we can see that there are some issues for feasibility of positioning based on the aggregation of multiple positioning layers from both the perspective of UE and the perspective of gNB. Thus, we propose not to support the aggregation of multiple positioning frequency layers for positioning enhancement in Rel-17.
[bookmark: _Hlk53430198]Proposal 6: Do not to support the aggregation of multiple positioning frequency layers for positioning enhancement in Rel-17. 

3. Enhancements for UL SRS
Frequency-hopping in SRS and Comb size
Uplink-based positioning method relies on the transmission of UL PRS. In Rel-16, we specified the SRS resource for positioning and the TRP measures UL-RTOA, gNB Rx-Tx time difference, RSRP and UL AoA from the SRS resource for positioning.  The SRS resource for positioning can be received by the serving cell or a non-serving cell. For the transmission of SRS for positioning, the UE can be configured with a pathloss reference signal that is targeted to a serving cell or non-serving cell. The pathloss RS can be SS/PBCH block or DL PRS of the serving cell or non-serving cell. For FR2 system, the SRS for positioning can be configured with a spatial relation info that provides the information for the UE to determine the spatial domain transmission filter (i.e., uplink Tx beam). The SRS resource for positioning is supposed to be received by neighbor cell, where the transmission distance is much larger than that of normal SRS resource. The uplink transmission is limited by UE Tx power and the transmission bandwidth of SRS resource for positioning is limited. Therefore, we need to enhance the SRS rescore for positioning to support higher bandwidth to improve the uplink positioning performance. One option to increase the bandwidth is to support frequency hopping in SRS for positioning, which is not supported in Rel-16. Another option to increase the bandwidth is to support larger value Comb size for SRS resource for positioning. 
[bookmark: _Hlk53430204]Proposal 7: Study to support frequency-hopping in SRS resource for positioning to support larger transmission bandwidth. 
Proposal 8: Study to support larger Comb size(s) in SRS resource for positioning to support larger transmission bandwidth. 
Power control of SRS
Power control is supported for SRS for positioning in Rel-16. The transmission of SRS for positioning targets to serving cell or non-serving cell. The path loss RS and spatial relation info configured to one SRS resource for positioning can be a DL RS from either serving cell or non-serving cell.  On issue in power control for SRS for positioning is the pathloss reference signal and power control parameters are configured per SRS resource set. And thus, all SRS resource for positioning in one same set uses the same path loss to calculate the transmit power. In contrast, different SRS resources in one same set might be sent towards to different neighbor cells or serving cell through configuring different spatial relation info. Configuring single power control parameters to all the SRS resources in one set obviously contradict with transmission according to configuration of spatial relation info. That issue shall be resolved. Another issue is only open-loop power control is supported for SRS for positioning. The UE determines transmit power for SRS for positioning only according to the path loss measured from a SS/PBCH or DL PRS from the serving cell or a non-serving cell. The transmission of SRS for positioning could be towards to a neighbor cell and thus the transmit power is generally larger than that of other uplink transmission. 
The issue in power control of SRS for positioning is we can only configure one path loss RS, which is from either a serving cell or a non-serving cell. But an SRS resource for positioning are generally received by more than one non-serving cells, which is an effective way to reduce the resource overhead for SRS for positioning and also reduce the power consumption of UEs. The current power control method does not efficiently support transmitting one same SRS resource for positioning to multiple cells and thus enhancement on SRS for positioning is needed. 
[bookmark: _Hlk53430216]Proposal 9: Study the enhancement of uplink power control of SRS for positioning
· Support closed-loop power control on SRS for positioning.
· Support per SRS resource configuration of power control parameters 

Enhance RE mapping of SRS 
In Rel-16, the RE offset on each symbol within an SRS resource for positioning is determined by a RE offset configured to the first symbol and a pre-defined relative RE offset with respect to the first symbol.  Same as we discuss in previous section on DL PRS, one issue of the RE mapping method is two SRS resources for positioning with overlapping symbols and configured with different initial RE offsets could collide with same RE offset in one overlapped symbol.  And thus, the consequence the capacity of orthogonal SRS resource for positioning is impaired. Therefore, we shall study new RE mapping method to resolve this issue for SRS resource for positioning.
[bookmark: _Hlk53430254]Proposal 10: Study the enhancement of RE mapping of SRS resource for positioning to resolve the interference issue and increase the capacity of SRS resource for positioning.
4. Enhancements for Positioning Procedure
Beam operation on DL PRS
The efficiency of beam sweeping operation on DL PRS resource specified in rel1 is low. As specified in Rel-16, each TRP can be configured with up to two sets of DL PRS resources and each set can contain multiple DL PRS resources. For FR2 system, transmit beam sweeping across DL PRS resources. One issue of the beam sweeping operation on DL PRS resource is the transmit beams are configured through a system specific manner and thus DL PRS resource is transmitted on all possible beam direction so that all the potential UE can be covered by the transmission of DL PRS resource. To fully cover the whole serving cell area with good signal quality, large number of DL PRS resources carrying narrow beams would be configured. The consequence is large amount of radio resource could be occupied by the DL PRS transmission. An example of beam sweeping issue is illustrated in Figure 1. In the example, a TRP is equipped with 4 wide beam and 12 narrow beams. That TRP can be configured with two set of PRS resource resources. The first set contain 4 DL PRS resource and each of the PRS resource corresponds to the Tx beams a1~a4.  The first set of DL PRS resource can provide basic coverage. The second set contains 12 DL PRS resource and each of the PRS resource corresponds to the narrow and refined Tx beams b1~b2. To fully cover the serving cell area, there are totally 16 DL PRS resources. However, UE measuring DL PRS resource might exist in the area covered by only a few Tx beams. In the example of Figure 1, UE-A is in the area covered by Tx beams b2 and b3 and UE-B is in the area covered by Tx beams b11 and b12. Thus, the transmission of DL PRS resources corresponding to Tx beams {b1, b4~b10} are not measured by any UE for positioning and they are just waste of radio resource. Therefore, it is preferred to improve the efficiency of multi-beam operation on DL PRS resource to increase the resource efficiency. One method is to support UE-specific beam indication.  One UE can be configured with PRS resources that is transmitted with only the Tx beams that points to the area where the UE is located within the serving cell.   
[bookmark: _Hlk53430262]Proposal 11: Study to enhance the multi-beam operation on DL PRS resource and support UE-specific beam configuration.



Figure 3: example of beam sweeping of DL PRS resource
Positioning in INACTIVE and IDLE state
NR supports three RRC states: RRC_CONNECTED state, RRC_INACTIVE state and RRC_IDLE state. During RRC_INACTIVE states or RRC_IDLE state, the UE can save power. In Rel-16, the positioning function is supported only in RRC_CONNECTED state.  For a UE in RRC_INACTIVE state or RRC_IDLE state, if the UE needs positioning service, the UE would have to resume or re-establish the RRC connection so that the UE can measure DL PRS resource and report positioning measurement results or transmit SRS resource for positioning. That operation would significantly increase the UE power consumption and also cause signaling overhead and latency.   That would be a severe issue for a UE who does not need normal data transmission and thus no need to return to RRC_CONNECTED state. Therefore, supporting positioning in RRC_INACTIVE state and RRC_IDLE state is necessary for high UE efficiency and network efficiency. We agreed to investigate NR positioning in RRC_INACTIVE state and RRC_IDLE state in Rel-17.
To enable positioning in RRC_INACTIVE state or RRC_IDLE state, we shall consider to support the following aspects:
· The UE can transmit uplink positioning reference signals in RRC_INACTIVE state and RRC_IDLE state to support positioning measurement at the gNB. In Rel-16, SRS resource for positioning is transmitted towards to the serving cell or non-serving cell. In RRC_INACTIVE state and RRC_IDLE state, the transmission of SRS resource for positioning meets difficulty because time advance is not available. Transmitting SRS without applying proper TA would cause interference to other uplink transmission. Considering the transmit power of SRS for positioning is generally high so that it can reach neighbor cell, that issue would be more severe than other uplink signal if no proper TA is applied.  One feasible option for uplink PRS can be a RACH-like signal that does not need TA adjustment.
· The UE can measure the DL PRS resource for positioning measurement. In RRC_INACTIVE state or RRC_IDLE state, the UE can obtain the configuration of DL PRS resource from the system information and the UE can measure the DL PRS resource.
· The UE reports downlink positioning measurement results to the system. Positioning measurement reporting is carried in UE specific data transmission, which requires RRC connected state. However, for UE in RRC_INACTIVE state or RRC_IDLE state, returning to RRC_CONNECTED state for positioning measurement reporting would cause extra signaling overhead and large latency to positioning. It also increases the UE power consumption. Therefore, it is preferred to support a mechanism that the UE can report positioning measurements without resuming or re-establishing RRC connection. 

We can consider to support DL-based, UL-based and DL-based/UL-based positioning method in RRC_INACTIVE and RRC_IDLE state. For the DL-based method, the UE can receive the configuration of DL PRS resource in the broadcast system information. For the positioning measurement reporting, small data transmission mechanism can be used here. The UE shall also be allowed to request system information of positioning assistance data. For example, the UE can request system information of positioning assistance data through RACH transmission. For UL-based method, we shall support the UE to transmit uplink positioning reference signal in RRC_INACTIVE and RRC_IDLE state. Considering there is no TA available when the UE is not RRC_CONNECT state, it is not feasible to transmit SRS resource for positioning. Therefore, a RACH-link uplink PRS is preferred here.
Proposal 12: For NR positioning in RRC_INACTIVE state and RRC_IDLE state, support DL-based, UL-based and DL-based + UL-based method.
· Support the UE to obtain positioning assistance data in system information broadcast.
· Support the UE to request system information of positioning assistance data through a RACH
· Support a RACH-like uplink PRS transmission in RRC_INACTIVE and RRC_IDLE state.

Multipath Mitigation
In RAN1#102-e meeting, we agreed to investigate multipath mitigation techniques:
	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.


 The multipath and NLOS can greatly impair the performance of RAT-dependent NR positioning techniques. The timing estimated from NLOS path can bear large errors and thus time-based positioning method (DL-DTOA, multi-RTT, and UL-DTOA) would result in larger positioning inaccuracy. The multipath and NLOS would also affect the performance of angle-based positioning techniques because the angle error estimated from NLOS paths that are reflected. Thus, mitigating multipath is critical for NR positioning performance improvement in IIoT use cases. However, in our view, multipath mitigation shall be mainly based on implementation solutions. For example, in processing DL PRS resources to measure timing and RSRP for NR positioning, the UE can identify the NLOS paths and then only use the LOS path to measure the NR positioning measurement RSTD, RSRP and/or Rx-Tx time difference. Furthermore, positioning measurement report in rel-16 does not support reporting RSTD and Rx-Tx time difference for additional path.
[bookmark: _Hlk53430273]Proposal 13: For multipath mitigation, only focus on the implementation-based solutions in Rel-17. 
5. Conclusion
In this contribution, we presented our views on enhancements for NR positioning. Based on the discussion, the following proposals are provided:
Proposal 1: Study to enhance the RE mapping of DL PRS resource to resolve the interference issue and increase the capacity of DL PRS resource.
Proposal 2: Support partial staggering and non-staggering PRS RE mapping with different combinations of comb-factors and symbol lengths.
Proposal 3: The framework of SP and AP CSI-RS can be used as the starting point for SP and AP DL PRS. Support a multi-instance transmission of AP DL PRS.
Proposal 4: For on-demand DL PRS:
· Support it for UE-based positioning, UE-assisted DL-based method, UE-assisted multi-RTT method
· Support UE-specific configuration of the following parameters: QCL configuration, number of PRS resource repetition, BW, number of symbols, comb size, periodicity, number of transmission instances.
Proposal 5: Study to support DL PRS resource-specific muting.
Observation 1: it is not feasible to support coherently aggregate DL PRS resource in multiple different frequency layers given the receiver architecture for inter-band CA and intra-band CA.
Observation 2: Supporting coherent aggregation of DL PRS resource in multiple frequency layers would increase the UE complexity greatly.
Observation 3: it is not feasible to support higher positioning accuracy based on aggregationof multiple different frequency layers given the current RAN4 requirement of timing alignment error for gNB.
Proposal 6: Do not to support the aggregation of multiple positioning frequency layers for positioning enhancement in Rel-17. Proposal 7: Study to support frequency-hopping in SRS resource for positioning to support larger transmission bandwidth. 
Proposal 8: Study to support larger Comb size(s) in SRS resource for positioning to support larger transmission bandwidth. 
Proposal 9: Study the enhancement of uplink power control of SRS for positioning
· Support closed-loop power control on SRS for positioning.
· Support per SRS resource configuration of power control parameters
Proposal 10: Study the enhancement of RE mapping of SRS resource for positioning to resolve the interference issue and increase the capacity of SRS resource for positioning.
Proposal 11: Study to enhance the multi-beam operation on DL PRS resource and support UE-specific beam configuration.
Proposal 12: For NR positioning in RRC_INACTIVE state and RRC_IDLE state, support DL-based, UL-based and DL-based + UL-based method.
· Support the UE to obtain positioning assistance data in system information broadcast.
· Support the UE to request system information of positioning assistance data through a RACH
· Support a RACH-like uplink PRS transmission in RRC_INACTIVE and RRC_IDLE state.
Proposal 13: For multipath mitigation, only focus on the implementation-based solutions in rel17. 
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