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In RAN1#102e, the following agreements were made [1].
	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, technical enhancements related to measurement gap configuration, prioritization of PRS and SRS for positioning, on-demand PRS, IDLE/INACTIVE mode positioning and NLOS/LOS classification methods are described.
Technical enhancements
Measurement gap less configuration/fast activation and deactivation of measurement gap
 In Rel-16 DL based positioning methods, the UE receives the PRS configuration in the assistance information followed by the LPP location information request (in PDSCH) from LMF. Since the PRS configuration and the location request are received NAS messages, they are transparent to the gNB. Additionally, it is possible that the PRS configuration received by the UE may be outside of the measurement gap configured in the UE. As such, there could be an ambiguity at the UE for determining the start timing, measurement duration and periodicity for measuring the different types of PRS (e.g. aperiodic, periodic, semi-persistent) sent by gNBs/TRPs. For ensuring that the PRS configuration at UE is aligned with measurement of DL PRS, as per the Rel-16 procedure for DL positioning the UE sends a request in RRC signaling to configure a measurement gap upon receiving the LPP location information request. However, the configuration of measurement gap results in additional latency as evaluated in our companion contribution [2] due to the transmission and reception of RRC signaling.
Observation 1 : Configuration of measurement gap causes significant latency
 In this regard, other mechanisms may be considered for either eliminating or minimizing the latency associated with measurement gap configuration such that the UE may measure the DL PRS with minimal delay. As an example, the UE may be triggered to perform measurement of DL PRS based on lower layer signaling from gNB without configuration of measurement gap. This may be possible based on coordination between LMF and gNB via NRPPa signaling for triggering PRS transmission. 
Proposal 1 : Measurement gap-less reception of PRS should be adopted to minimize latency
 Also, the configuration of certain criteria/rules in the UE for determining whether to perform measurement of PRS based on a configured timer or priority indication can be considered for eliminating measurement gap configuration. 
Proposal 2 : Mechanisms to allow measurement gap-less should be studied
Other mechanisms that can be considered is for the UE to indicate to gNB using lower layer signaling to either skip or request a measurement gap configuration after receiving the LPP request for location information. The gNB may then activate/deactivate a preconfigured measurement gap (e.g. using DCI, MAC CE) based on the indication sent by the UE. The different mechanisms for aligning the measurement gap with PRS configuration and for minimizing the latency due to configuring measurement gap should be further studied by RAN1.
Proposal 3 : Pre-configuration of measurement gaps and activation of pre-configured measurement gaps should be adopted for faster configuration of measurement gaps
Prioritization of PRS and SRS for positioning
Prioritization mechanism
 In Rel-16, both PRS and SRSp (SRS for positioning) are assigned relatively low priorities. Consequently, the measurement of PRS or transmission of SRSp may be dropped when the UE has another RS or data for UL transmission or downlink reception. To shorten the latency of a positioning technique, a priority can be assigned to the positioning reference signal. Specifically, a high priority can be assigned for PRS/SRSp associated with a positioning service with low latency requirements and a lower priority can be given to PRS/SRSp associated with a positioning service with less stringent requirements. 
 The priority of the positioning reference signals can be indicated to the UE by either upper layers or lower layer signaling. The priority of the positioning reference signal also can be associated with the type of the positioning reference signal (e.g. periodic vs. aperiodic positioning reference signals).
 Prioritization between the PRS/SRSp and other signals can be supported based on the priority associated with each signal. In Rel-16, the dropping of one signal is specified; however, other techniques can be further studied. For example, when PRS collides with PSDCH, dynamic muting of the PRS, puncturing, or rate matching around PDSCH REs can be considered.  
Proposal 4 : Prioritization of PRS or SRS for positioning with respect to other signals and channels should be studied for reducing latency
0. Consideration for Rel-16 prioritization
During the RAN1#101e meeting, Rel-17 target requirement for positioning was discussed for both commercial and IIoT use cases. Regarding IIoT use case, three values (10ms, 20ms or 100ms) for end-to-end latency for position estimation were captured in the agreements for possible down selection. To achieve such low latency for IIoT application, the PRS or SRSp resource should be transmitted with a high priority. For example, in the scenario where an uplink PUSCH transmission with low priority is overlapping with SRSp transmission, the UE should be able to transmit SRSp and the PUSCH transmission should be dropped. 
In NR Rel-16, prioritization mechanisms were introduced to support intra-UE multiplexing. The intra-UE multiplexing targets the case where a UE can support simultaneously two types of services, each with different performance requirements (e.g. URLLC and eMBB type of services). In case of overlapping between low priority and high priority transmissions, the UE drops the low priority transmission. Rel-16 introduced some mechanisms for the UE to determine the priority of a PUSCH/PUCCH as well as PDSCH transmission. For example, the DCI scheduling PUSCH transmission can carry a priority indicator bitfield to indicate the priority associated with the PUSCH.
Rel-16 prioritization mechanisms can be used as baseline for prioritization of positioning RS. For intra-UE multiplexing, priority indication used in Rel-16 mechanisms can be reused. For example, the UE may support both commercial and IIoT use cases simultaneously. The UE can be configured with a configured grant PUSCH transmission and be triggered to send aperiodic SRSp that is overlapping with PUSCH. Using priority indicator, the gNB can indicate to the priority of SRSp so that the UE determine which transmission to drop.
Proposal 5 : Co-existence of SRS for positioning with prioritized PUSCH and PUCCH should be studied to achieve latency reduction
On-demand RS for positioning
In Rel-16, the PRS and SRSp are semi-statically configured and therefore, it is challenging to achieve low latency and high accuracy positioning. Specifically, dynamic optimization of the PRS/SRS configurations for ensuring consistent positioning accuracy based on conditions of UE (e.g. mobility, coverage) may not be feasible within the low latency requirements.
The semi-static PRS/SRS configuration may also pose a limitation for achieving high accuracy and low latency positioning in certain environments (e.g. factory floor), which may be dynamic due to the presence of moving barriers and blockages to LOS paths. Additionally, the positioning method (e.g. DL-TDOA vs. UL-TDOA) applied may need to be dynamically varied depending on the UE condition and the deployment environment. In these scenarios, the existing techniques used for reactively reconfiguring the PRS or SRSp based on the measurement reports sent by UE or gNBs/TRPs to LMF may not be adequate to satisfy the low E2E latency requirement targeted for Rel-17.
[bookmark: _Hlk47446044]To address latency, a mechanism to allow the UE to request for certain PRS/SRSp configurations for positioning may be considered. For example, the UE may request the PRS/SRSp configuration based on the change in the environment (e.g. mobility, coverage, poor quality of measurements, etc.) or the demand for services. The UE may also request certain configuration parameters in the on-demand request that may increase the positioning accuracy. For example, when measuring low RSRP on the PRS the UE may request for increased periodicity, change in time offset, change in TX power or frequency of PRS or beam transmitted from a cell or TRP. The UE may also indicate in the request to turn off or mute certain PRS originating from a cell/TRP when measuring high interference. The indication of the above parameters along with the cell/TRP IDs in the on-demand request will be beneficial for the LMF to coordinate PRS transmission.
Observation 2 : On-demand PRS provides flexibility in configuration of PRS to achieve high accuracy positioning
Proposal 6: Adopt on-demand PRS for flexibility in configuration of PRS, latency reduction and positioning with high accuracy
In the case of DL&UL based positioning (e.g. multi RTT), the UE and RAN determine the measurements related to the time difference between the reception of PRS and transmission of SRSp. However, DL&UL based positioning method may result in higher latency due to configuration of PRS/SRSp and transmission of both PRS and SRSp for determining the time difference/RTT at UE and RAN. In addition, the latency may increase due to changing of the PRS/SRSp configurations when the measurements made at different TRPs/gNBs and UE are not sufficient for accurately estimating the UE position. In these scenarios, a mechanism can be considered for the UE to assist in determining the PRS/SRSp configurations by sending the on-demand request based on different triggering conditions configured in UE. For example, the UE can send the on-demand request at different stages of the multi-RTT procedure (e.g. after receiving PRS/SRSp configuration, after receiving request for location information) to ensure accurate and timely measurement of PRS at UE and SRSp at TRPs/gNBs. The criteria/conditions for sending the on-demand request that can be configured in the UE, for example, may be based on comparison of the possible PRS configurations that are non-overlapping with SRSp configurations provided to UE.
Proposal 7: Timing of sending on-demand PRS in the multi-RTT positioning method should be studied
Proposal 8: Study benefits of on-demand SRS for positioning
IDLE/INACTIVE mode positioning
Configuration of reference signals
 In Rel-16, the assistance information containing the PRS configuration for DL and DL&UL positioning methods can be sent to the UE either in LPP signalling (in PDSCH) or via positioning SIB when the UE is in RRC connected mode. 
 Idle/inactive mode positioning offers positioning capability for IIoT devices such as sensors which may be in power-conservation mode. In the case when the UE is in RRC idle/inactive mode, the PRS configuration may be received only via SIB. However, this may not be possible in all deployment scenarios where only minimum SIB is accessible and the UE may have to initiate the RACH procedure for sending on-demand SIB for requesting the positioning SIB. It is also not possible for the UE in idle/inactive mode to be provided with dedicated PRS configuration that is more resource efficient and can result in more accurate location estimation using minimal number of TRPs/gNBs. Additionally, for supporting UL and DL&UL positioning methods, the SRSp configuration cannot be accessed by a UE while in idle/inactive mode via SIB. 
Observation 3: Current broadcasting mechanism is not suitable for acquiring positioning related configurations for UE in idle/inactive mode
In this regard, the technical details for sending the PRS/SRSp configurations to the UE in idle/inactive mode should be further studied by RAN1. For example, the PRS/SRSp configurations can be provided to the UE in CN/RAN paging message during the DRX on-durations. In the case when the UE is preconfigured with PRS/SRSp configurations the network can send the request for location information or an activation message to activate the PRS/SRSp configurations in paging message while the UE is in idle/inactive mode. Alternatively, the PRS/SRSp configurations or configuration activation messages may be provided to the UE via initial access messages either in Message 2/4 (in 4-step RACH procedure) or in Message B (in 2-step RACH procedure). In this case, without having to transition to RRC connected mode, the UE may initiate the RACH procedure upon receiving a trigger from network in paging message (for UE-assisted positioning) or from higher layer (for UE-based positioning). 
Proposal 9 : Adopt IDLE/INACTIVE mode positioning
For UL and UL&DL based positioning method, another issue to be addressed for operation during idle/inactive mode is ensuring that the UE is synchronized with the gNBs/TRPs that receive the SRSp sent by the UE. In this case, a mechanism for supporting timing alignment maintenance can be considered. For example, the UE may send the SRSp while remaining in idle/inactive mode as long as a timer associated with the timing alignment and the SRSp resource is valid and is running.  
Proposal 10 : Study mechanisms to support timing alignment during idle/inactive mode positioning
Measurement reporting
 For DL and UL&DL based positioning, another issue faced by the UE while operating in idle/inactive mode is on sending the measurement reports upon measuring the DL PRS. One straightforward approach is for the UE to transition to RRC connected mode for sending the measurement reports. This, however, may not be necessary when the size of the payload corresponding to the measurement reports is relatively small and minimizing power consumption in the UE is of higher importance. In this case, the UE can send the measurement reports, containing the appropriate identifiers, by using resources (e.g. small data transmission in MsgA in 2-step RACH or Msg3 in 4-step RACH) in the initial access procedure. However, it is possible that the bandwidth for the UL transmission may be limited and the grant size available via initial access procedure may not be large enough to carry the generated measurement report. For larger payload sizes, the UE can segment and send the measurement reports sequentially with proper identifiers such that the received data can be assembled either at RAN or LMF. 
 In IIoT scenarios there may be multiple UEs operating in idle/inactive who may be contending for resources for sending the measurement reports. In these scenarios, the network may configure the UEs with reporting occasions and resource grants (common or dedicated) to send the measurement reports either periodically or based on event triggers (e.g. change in RSTD or RTT). The UEs may also be configured with criteria (e.g. based on priority, RSRP measurement) for determining the grants from a common pool such that resources may be accessed with low latency and without collisions when sending the measurement reports. 
Proposal 11 : Study measurement reporting mechanism for idle/inactive mode positioning
Mobility during IDLE/INACTIVE
 IIoT devices may be in mobility during idle/inactive mode. Such cases may occur when devices are moved due to accidents or natural disasters. For enabling idle/inactive mode operation during mobility, a UE can be configured with tracking area (TA) or RAN notification area (RNA), consisting of a list of cells where the UE can receive paging messages in DRX on-durations. In Rel-16, the UE may also be configured with PRS/SRSp configuration for supporting positioning independent of the TA/RNA and DRX configurations. In this case, it is possible for the UE during mobility to use PRS/SRSp configuration parameters (e.g. cell IDs associated with PRS configurations) that may not be aligned with the cells/gNBs associated with TA/RNA for use during idle/inactive mode. Consequently, the UE may have a mismatch in the on-duration of the DRX cycle for receiving the PRS in DL during idle/inactive mode. This can result in possible inefficiency in resource usage, interference, and inaccuracy in positioning measurements. By aligning the PRS configuration parameters with the TA/RNA parameters, the UE may receive PRS in the similar time slots when receiving paging messages or transmitting initial access messages during mobility while in idle/inactive mode. In addition, the UE may also be configured to send/receive measurement reports which can possibly be correlated with the TA/RNA update messages sent to the network or paging messages received from network. For UL based positioning, the RAN may send a paging message to the UE to update the SRSp configuration while in inactive mode based on the SRSp transmitted by the UE during mobility to a cell outside of the configured RNA.
Proposal 12 : Study configuration mechanism for PRS or SRS for mobility during positioning in idle/inactive mode
LOS/NLOS detection
[image: ]
[bookmark: _Ref53694674]Figure 1 Positioning in multipath environment
As illustrated in Figure 1, LOS and NLOs detection becomes a critical issue in positioning since NLOS paths provides erroneous timing information to UE. In the multipath environment, it may be possible that the UE may find multipaths in a broad beam (subfigure on the left in Figure 1) or using narrow beam (subfigure on the right in Figure 2). In such cases, it may be beneficial to assign identification number to the discovered path such that the ID can be related to the PRS resource number for identification purpose. Such relation will assist LMF to understand characteristics of the channel, optimizing PRS configurations.
Proposal 13 : Study LOS and NLOS identification methods
Proposal 14 : Consider path identification mechanism
In Multi-RTT, the DL and UL channels will experience similar channels, i.e., LOS and NLOS paths will be visible in both DL and UL channels. Thus, information related to channel characteristics through UL channels can be useful for the LMF or RAN  to configure PRS or SRSp, respectively. For example, the RAN may update spatial relationship of SRS dynamically, after reception of SRS, such that the network can inform the UE about arrival angle information of SRSp. Ran may associate the received SRSp with PRS or CSI-RS resource ID. With such information, the UE will be able to understand the path information of the channel, possibly using the information during UE-based positioning.
Proposal 15 : Study dynamic update of spatial information for SRS for positioning for multi-RTT positioning methods


Conclusion.
The following observations and proposals are made in this contribution.
Observation 1 : Configuration of measurement gap causes significant latency
Observation 2 : On-demand PRS provides flexibility in configuration of PRS to achieve high accuracy positioning
Observation 3: Current broadcasting mechanism is not suitable for acquiring positioning related configurations for UE in idle/inactive mode
Proposal 1 : Measurement gap-less reception of PRS should be adopted to minimize latency
Proposal 2 : Mechanisms to allow measurement gap-less should be studied
Proposal 3 : Pre-configuration of measurement gaps and activation of pre-configured measurement gaps should be adopted for faster configuration of measurement gaps
Proposal 4 : Prioritization of PRS or SRS for positioning with respect to other signals and channels should be studied for reducing latency
Proposal 5 : Co-existence of SRS for positioning with prioritized PUSCH and PUCCH should be studied to achieve latency reduction
Proposal 6: Adopt on-demand PRS for flexibility in configuration of PRS, latency reduction and positioning with high accuracy
Proposal 7: Timing of sending on-demand PRS in the multi-RTT positioning method should be studied
Proposal 8: Study benefits of on-demand SRS for positioning
Proposal 9 : Adopt IDLE/INACTIVE mode positioning
Proposal 10 : Study mechanisms to support timing alignment during idle/inactive mode positioning
Proposal 11 : Study measurement reporting mechanism for idle/inactive mode positioning
Proposal 12 : Study configuration mechanism for PRS or SRS for mobility during positioning in idle/inactive mode
Proposal 13 : Study LOS and NLOS identification methods
Proposal 14 : Consider path identification mechanism
Proposal 15 : Study dynamic update of spatial information for SRS for positioning for multi-RTT positioning methods
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