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1 Introduction
The Rel17 SID on NR Positioning has the following objective [1] :
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.
In RAN2#111e, the following agreements were made [2]:
RAN2 to study positioning in idle/inactive mode, on-demand PRS and latency analysis in the study phase.
In this contribution, we discuss signalling and procedure aspects related DL-based, UL-based and UL&DL based positioning methods that contribute to end-to-end latency and identify potential enhancements for satisfying the latency requirements targeted for Rel-17.
2 Discussion
For supporting the positioning requirements of commercial use cases and verticals, Rel-16 has added the support of new NR positioning reference signals (DL PRS and UL SRS for positioning (SRSp)) and different RAT-dependent positioning methods based on NR signals:

· Timing-based methods: Downlink Time Difference of Arrival (DL-TDOA), Uplink Time Difference of Arrival (UL-TDOA) and Multi-Round Trip Time Positioning (MT-RTT)
· Angle-based methods: Downlink Angle-of-Departure (DL-AoD) and Uplink Angle of Arrival (UL-AoA)
· NR enhanced cell ID (E-CID) methods
While the new positioning methods in Rel-16 enables achieving high accuracy, the end-to-end latency requirement is relatively relaxed with a target of < 1s.
For supporting more diverse commercial use cases, in Rel-17 the positioning accuracy and latency have more tighter target requirements.
· Positioning accuracy ranges from < 1 m for general commercial use cases to < 0.2 m for IIoT Use Cases
· Target latency requirements is set to < 100 ms and for some IIoT use cases, latency in the order of 10 ms is desired 
In this regard, we believe that for achieving low end-to-end (E2E) latency and high positioning accuracy, the potential enhancements related to signalling and procedure that should be studied by RAN2 are:
· Prioritized handling of PRS/SRS transmission 
· Elimination or support for fast Measurement gap configuration
2.1 Impact areas for minimizing end-to-end latency for positioning
To identify the areas for potential enhancement for minimizing the end-to-end latency, the positioning procedures discussed in the [625] E2E latency analysis email discussion from R2#102 meeting [3] and in TS 38.305 are considered as baseline [4]. The breakdown of different components that contribute to the E2E latency for DL-based, UL-based and UL&DL based positioning, each corresponding to UE-assisted (UE-A) and UE-based (UE-B) methods, are described in the following.

For DL based positioning (UE-assisted and UE-based methods), the following components apply:

· T1DL: Capability information exchange

· [UE-A] Signalling for requesting/receiving UE capability information between LMF and UE

· T2DL: Assistance information request/response
· [UE-A, UE-B] Signalling for receiving PRS configuration at UE
· T3DL: LPP request for location information in CN/RAN
· [UE-A] LPP request for location information forwarded from LMF to RAN
· T4DL: Request for location information 

· [UE-A] Reception of request for location information at UE

· T5DL: Measurement gap configuration

· [UE-A, UE-B] RRC signalling for measurement gap configuration at UE
· T6DL: PRS reception/measurement

· [UE-A, UE-B] PRS reception and generation of measurement report at UE

· T7DL: Measurement report transmission 

· [UE-A] Transmission of measurement report from UE

· T8DL: Measurement report forwarding in RAN/CN
· [UE-A] Forwarding of measurement report from RAN to LMF

The estimated values for different components of the procedure are discussed in the RAN2 email discussion [3]. The components related to T4DL to T7DL, corresponding to the start time and end time which are analysed by RAN1, are provided in our RAN1 companion contribution [5]. From the breakdown of different components, the T3DL and T4DL components may consider including priority indication for enabling the UE to perform PRS measurement with high priority. The T5DL component related to signalling between UE and RAN for measurement gap configuration may be considered for further enhancement. Additionally, similar prioritization indication in T7DL and T8DL components may be applied for transmission of fast transmission of measurement reports. 
Observation 1: For DL-based positioning, the aspects which can be studied by RAN2 for minimizing latency are: 
· Signalling related to requesting for location information
· Procedure and signalling related to measurement gap configuration

· Signalling related to measurement report transmission 

Proposal 1 : For DL-based positioning methods, RAN2 to study potential enhancements related to transmission of request for location of information, measurement gap configuration and measurement report transmission/forwarding
For UL based positioning (UE-assisted and UE-based methods), the following components apply:

· T1UL: Capability information exchange

· [UE-A] Signalling for requesting/receiving UE capability information between LMF and UE

· T2UL: Signalling for SRSp configuration in CN/RAN
· [UE-A, UE-B] Signalling for requesting/determination of SRSp configuration at RAN

· T3UL: SRSp configuration at UE

· [UE-A, UE-B] Reception of SRSp configuration at UE

· T4UL: Activation of SRSp transmission

· [UE-A, UE-B] Reception of activation message for SRSp at UE

· T5UL: SRSp transmission and measurement

· [UE-A, UE-B] SRSp transmission by UE and measurement of SRSp at RAN

· T6UL: Measurement report forwarding

· [UE-A] Forwarding of measurement report from RAN to LMF
· [UE-B] Transmission of measurement report from RAN to UE 
Similar to DL-based positioning procedure, the estimated values for different components of UL-based procedure are discussed in the RAN2 email discussion [3]. The values for T3DL to T6DL components are provided in our RAN1 companion contribution [5]. From the breakdown of different components, for reducing T2DL, T3DL and T4UL components the support for pre-configuring SRSp and indication of prioritized SRSp may be considered. Additionally, measurement reporting, which impact the T6UL component, may also be performed with high priority for reducing the E2E latency.  
Observation 2: For UL-based positioning procedure, the aspects which can be studied by RAN2 for minimizing latency are:
· Signalling related to provisioning of SRSp configurations
· Signalling related to activation of SRSp transmission 
· Signalling related to transmission of measurement reports 

Proposal 2: For UL-based positioning methods, RAN2 to study potential enhancements related to provisioning and activation of SRSp and measurement report transmission for UL UE-based approaches

For UL&DL based positioning (UE-assisted, UE-based methods), the following components apply:

· T1UL&DL: Capability information exchange

· [UE-A] Signalling for requesting/receiving UE capability information between LMF and UE

· T2 UL&DL: Assistance information request/response
· [UE-A, UE-B] Signalling for receiving assistance information at UE (i.e. PRS configuration)

· T3 UL&DL: LPP request for location information in CN/RAN

· [UE-A] Forwarding of LPP request for location information from LMF to RAN

· T4UL&DL: Request for location information

· [UE-A] Reception of request for location information at UE
· T5 UL&DL: Signalling for SRSp configuration in CN/RAN
· [UE-A, UE-B] Signalling for requesting SRSp configuration/determination of SRSp at RAN

· T6 UL&DL: SRSp configuration at UE
· [UE-A, UE-B] Reception of SRSp configuration at UE

· T7 UL&DL: Activation of SRSp transmission
· [UE-A, UE-B] Reception of activation message for SRSp at UE

· T8 UL&DL: SRSp transmission and measurement
· [UE-A, UE-B] SRSp transmission by UE and measurement of SRSp at RAN

· T9 UL&DL: Measurement gap configuration

· [UE-A, UE-B] RRC signalling for measurement gap configuration at UE

· T10 UL&DL: PRS reception/measurement

· [UE-A, UE-B] PRS reception and generation of measurement report at UE

· T11 UL&DL: Measurement report transmission

· [UE-A] Transmission of measurement report from UE to RAN
· [UE-B] Transmission of measurement report from RAN to UE 
· T12 UL&DL: Measurement report forwarding in RAN/CN

· [UE-A] Forwarding of measurement reports from RAN to LMF
In comparison to the DL-based and UL-based positioning methods, similar observations related to signalling and procedure can be made for minimizing the latency components for UL&DL positioning method. Additionally, the certain steps may be performed in parallel for UL&DL positioning method to further reduce the E2E latency. For example, the transmission of LPP request for location information (T3 UL&DL ) can be performed in parallel with the LMF sending the request for SRSp configuration to RAN via NRPPa (T5 UL&DL ). Additionally, the timing/triggering of PRS transmission by gNB/TRPs may be coordinated with the SRSp transmission by UE such that the RTT between SRSp and PRS (e.g. time difference between T10 UL&DL  and T8 UL&DL) can be determined with minimal latency. 

Observation 2: For UL&DL-based positioning, the aspects which can be studied by RAN2 for minimizing latency are:
· Signalling and procedure for enabling provisioning of PRS and SRSp configurations in parallel
· Coordinated triggering of SRSp transmission and PRS reception

· Signalling for measurement report transmission/forwarding
Proposal 3: For UL&DL-based positioning methods, RAN2 to study potential enhancements related to provisioning of PRS and SRSp, coordinated triggering of SRSp transmission and PRS reception, and measurement report transmission/forwarding
2.2 Enhancements for prioritized transmission of PRS/SRS  
In Rel-16, both PRS and SRSp are assigned with low priorities. As a result, PRS is not received or SRSp is not transmitted/dropped when either transmission of data in DL/UL or other reference signals are scheduled. 
In Rel-17, it can be envisioned that supporting prioritized positioning based on the assignment and indication of higher priority for the reception/transmission of PRS/SRSp may enable satisfying the low latency positioning requirements. 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. 

For DL-based positioning, the priority indication for PRS may be either indicated by LMF in assistance information or indicated by RAN in lower layer/RRC signalling. The UE may trigger the reception and measurement of PRS based on the received priority indication. 
For UL-based positioning, the UE may trigger the transmission of SRSp based on the reception of the priority indication in lower layer/RRC signalling. The priority of the positioning reference signal can be associated with the type of the positioning reference signal (e.g. periodic vs. aperiodic positioning reference signals).
The Rel-16 prioritization mechanism for supporting intra-UE multiplexing and priority indication can be used as baseline for prioritization of positioning RS. For example, the UE can be configured with configured grant and be triggered to send aperiodic SRSp that is overlapping with data transmission. Using priority indicator, the gNB can also indicate the priority of SRSp so that the UE can determine which transmission to drop.

Observation 4: The potential areas for further study in RAN2 for supporting prioritized transmission of PRS/SRS may include: 

· L2/L3 signalling for indicating the priority assigned for the reception of PRS and transmission of SRSp 

· Handling of prioritized PRS/SRSp transmission when priority level assigned to positioning is comparable to or higher than data reception/transmission
· Triggering of positioning measurement reports with low latency for prioritized positioning
Proposal 4: 
RAN2 should study mechanisms for supporting prioritization of PRS and/or SRSp with respect to data and other reference signals for reducing positioning latency

2.3 Enhancements for measurement gap configuration
In Rel-16 DL based positioning methods, the UE receives the PRS configuration in the assistance information followed by the LPP location information request 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 [5] due to the transmission and reception of RRC signaling.

Observation 5: The procedure and signaling related to 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 (e.g. in MAC CE) 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. 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 5: 
RAN2 to study how to avoid or minimize the latency due to measurement gap configuration

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. in 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 RAN2.

Proposal 6: 
RAN2 should study mechanisms to support fast activation of measurement gap configuration
Conclusion
In this contribution, the following observation were made on: 

Observation 1: For DL-based positioning procedure, the aspects which can be studied by RAN2 for minimizing latency are: 
· Signalling related to requesting for location information
· Procedure and signalling related to measurement gap configuration

· Signalling related to measurement report transmission 
Observation 2: For UL-based positioning procedure, the aspects which can be studied by RAN2 for minimizing latency are:
· Signalling related to provisioning of SRSp configurations
· Signalling related to activation of SRSp transmission 
· Signalling related to transmission of measurement reports 

Observation 3: For UL&DL-based positioning procedure, the aspects which can be studied by RAN2 for minimizing latency are:
· Signalling and procedure for enabling provisioning of PRS and SRSp configurations in parallel
· Coordinated triggering of SRSp transmission and PRS reception
Observation 4: The potential areas for further study in RAN2 for supporting prioritized transmission of PRS/SRS may include: 

· L2/L3 signalling for indicating the priority assigned for the reception of PRS and transmission of SRSp 

· Handling of prioritized PRS/SRSp transmission when priority level assigned to positioning is comparable to or higher than data reception/transmission

· Triggering of positioning measurement reports with low latency for prioritized positioning
Observation 5: The procedure and signalling related to configuration of measurement gap causes significant latency
Based on these observations, the following conclusions were made:

Proposal 1: For DL-based positioning methods, RAN2 to study potential enhancements related to transmission of request for location of information, measurement gap configuration and measurement report transmission/forwarding

Proposal 2: For UL-based positioning methods, RAN2 to study potential enhancements related to provisioning and activation of SRSp and measurement report transmission for UL UE-based approaches

Proposal 3:  For UL&DL-based positioning methods, RAN2 to study potential enhancements related to provisioning of PRS and SRSp, coordinated triggering of SRSp transmission and PRS reception, and measurement report transmission/forwarding
Proposal 4: 
RAN2 should study mechanisms for supporting prioritization of PRS and/or SRSp with respect to data and other reference signals for reducing positioning latency

Proposal 5: 
RAN2 to study how to avoid or minimize the latency due to measurement gap configuration

Proposal 6: 
RAN2 should study mechanisms to support fast activation of measurement gap configuration
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