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1. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Introduction 
[bookmark: _Hlk58484092]Rel-17 target positioning requirements for commercial use cases and IIoT use cases -were defined during the study item, including the requirements for horizontal/vertical positioning accuracy, physical layer and higher layer end-to-end positioning latency and GNSS positioning integrity [1].
In RANP#91e, a work item on NR positioning enhancements was updated [1]. The objective of the work item is to specify solutions to enable RAT dependent (for both FR1 and FR2) and RAT independent NR positioning enhancements for improving positioning accuracy, latency, network and/or device efficiency. One of the specific objectives of this work item is [1]:
	· Specify the enhancements of signalling, and procedures for improving positioning latency of the Rel-16 NR positioning methods, for DL and DL+UL positioning methods, including:
· [bookmark: _Hlk67643864]Latency reduction related to the request and response of location measurements or location estimate and positioning assistance data; [RAN2, RAN3, RAN1]
· Latency reduction related to the time needed to perform UE measurements; [RAN1, RAN4]
· Latency reduction related to the measurement gap; [RAN1, RAN4, RAN2]



In RAN1#106e meeting [2], the following related agreements were made:
	
Working assumption:
Subject to UE capability, support PRS measurement outside the MG, within a PRS processing window, and UE measurement inside the active DL BWP with PRS having the same numerology as the active DL BWP.
· Inside the PRS processing window, subject to the UE determining that DL PRS to be higher priority, support the following UE capabilities: 
· Capability 1: PRS prioritization over all other DL signals/channels in all symbols inside the window. 
· Cap. 1A: The DL signals/channels from all DL CCs (per UE) are affected.
· Cap. 1B: Only the DL signals/channels from a certain band/CC are affected.
· FFS: band or CC
· Capability 2: PRS prioritization over other DL signals/channels only in the PRS symbols inside the window
· A UE shall be able to declare a PRS processing capability outside MG.
· FFS: Details of capability signalling (e.g., per UE or per band, etc.)
· For the purpose of this feature, PRS-related conditions are expected to be specified, with the following to be down-selected:
· Alt. 1: Applicable to serving cell PRS only 
· Alt. 2: Applicable to all PRS under conditions to PRS of non-serving cell.
· Note: When the UE determines higher priority for other DL signals/channels over the PRS measurement/processing, the UE is not expected to measure/process DL PRS which is applicable to all of the above capability options.  
· Further study
· Further details of which other DL signals/channels to be prioritized 
· How the UE determines DL PRS’s priority based on one or more of the following:
· Opt. 1: Based on indication/configuration from serving gNB
· Opt. 2: Other options (e.g., implicit, signalling from LMF, etc)
· Whether UE can do the measurement for both inside MG (if MG is configured) and outside MG in a measurement period
· How to do the PRS measurement when the conditions cannot be satisfied, e.g. when BWP switching happens
· Prioritization conditions of processing PRS over other DL channels/signals or vice versa.
· Send an LS to RAN2, RAN3 and RAN4 informing them of this working assumption and requesting feedback in case they have concerns.




Furthermore, the following selected agreements were made in RAN1#106b-e meeting [3]:
	Support the following options (in the agreement made in RAN1#106-e) for a new mechanism of MG activation request for the purpose of positioning.
· Option 2: by UE (via UCI or UL MAC CE)
· Select only one of UCI and UL MAC CE in RAN1#106bis-e
· Option 1: by LMF (via an NRPPa message)
· Note: This is transparent to the UE

For PRS measurement outside MG, support the following Alt. 2 in the working assumption made in RAN1#106-e with the following update of the PRS cell condition.
· Alt. 2: Applicable to all PRS (serving and/or non-serving cell) under conditions to PRS of non-serving cell.
· The conditions at least include that the Rx timing difference between PRS from the non-serving cell and that from the serving cell is within a threshold
· The UE is not expected to determine whether the above condition is satisfied by performing measurements and instead can be determined using assistance data
· FFS: Rx timing difference between PRS from the non-serving cell and that from the serving cell is determined by the expected RSTD and expected RSTD uncertainty.
· Further discuss the necessity on the following additional conditions
· When the PRS is higher priority than other channels/signals, for capability 1A and 1B, the PRS from the non-serving cell have to be inside the PRS prioritization window.
· When the PRS is higher priority than other channels/signals, for capability 2, the PRS from the non-serving cell have to be in the same symbols as the PRS of the serving cell since the serving cell does not know the symbol position of neighbour cell PRS.

With regards to UE determining the PRS priority with other DL signal/channels within the PRS processing window for PRS measurement outside MG, support the priority indicated by gNB.
· FFS: What are the other DL signals/channels

With regards to the PRS processing window for PRS measurement outside MG, at least support the window indicated by gNB.

Support the following option (from the agreement made in RAN1#106-e) for a new MG activation procedure to be performed by the gNB for the purpose of positioning.
· Option 2: DL MAC CE
· FFS: Deactivation process

With regards to MG activation by DL MAC CE, further study
· DL MAC CE payload
· The necessity of pre-configuration of MGs in higher layers.




This contribution discusses some remaining issues on physical layer latency improvements for DL and DL+UL positioning methods.
2. Discussions
In legacy UE-assisted downlink-based positioning, the positioning procedure is illustrated in Figure 1. The UE initially receives PDSCH contains LPP Location Information Request. After decoding and obtaining the location information request, the UE sends measurement gap request in PUSCH as an RRC message to the serving gNB. After obtaining the information, the gNB provides measurement gap configuration in PDSCH as RRC message. After decoding/obtaining the information, the UE receives the PRS transmission from typically multiple TRPs within the measurement gap. The UE is expected to receive at least one PRS occasion within the measurement gap. Then, the UE also perform positioning measurement computation (e.g., RSRP measurement, RSTD measurement). Once the measurement is completed and ready to be reported to LMF, the UE transmits uplink request in PUCCH to the serving gNB. After decoding/obtaining the information, gNB provides uplink grant in PDCCH to the UE. Finally, the UE transmits positioning measurement results in PUSCH as LPP protocol to LMF via serving gNB.
[image: ]
[bookmark: _Ref71101635]Figure 1: UE-assisted DL-based positioning
The positioning procedure where the UE is required to request measurement gap and receiving measurement gap configuration in RRC message, and subsequently performing positioning measurement may typically results in hundreds of msec latency. This is relatively a substantial number of physical layer latency. The latency analysis of the legacy (Rel-16) UE-assisted downlink-based positioning was performed and reported in [4]. The results indicated that minimum estimated physical layer latency for Rel.16 downlink-based UE-assisted NR positioning exceeds 10 ms. We consider the best scenario of physical layer latency is typically in the order of 50 ms. This is clearly exceeding the physical layer latency of NR positioning Rel-17. 
During the study item phase, the major physical layer latency components have been identified, such as:
· DL PRS alignment, transmission, measurement (including processing time), and reporting delay.
· Measurement gap request, configuration, and alignment time.
· UE/gNB higher layer (LPP/RRC) processing time.
In the following section we describe the proposed solutions to improve positioning latency.

2.1. Positioning Measurement with Measurement Gap

The legacy positioning procedure should be enhanced to further reduce the positioning latency, particularly the positioning measurement gap operation. The measurement gap request and the measurement gap configuration can be partly moved to the physical layer and/or medium access control (MAC) layer. Physical layer signalling is expected to be faster than RRC level signalling. However, the message content size is quite limited. It may not be possible to convey the entire measurement gap configuration in physical layer. One possibility is the gNB provides the supported reduced latency measurement gap configurations to UE directly or indirectly to the UE (via LMF). The DL MAC layer signalling from gNB to UE contain triggering / activation of measurement gap that can be performed by the UE. For example, it contains the index of the selected measurement gap configuration.

Proposal 1: gNB provides the configuration of supported MG(s) for positioning latency improvements to UE / LMF. The configuration is provided in higher layers signalling.

Proposal 2: DL MAC CE payload contains the triggering/activation of MG(s) for positioning measurement, including the index of the selected measurement gap configuration.

2.2. Positioning Measurement outside Measurement Gap
Based on the outcome of RAN1#106e, PRS positioning measurement outside measurement gap has been agreed as a working assumption. We consider this approach would be beneficial to reduce the positioning measurement latency as it can simplify the positioning procedure by reduction the number of signalling as in legacy positioning measurement procedure. 
Proposal 3: Confirm the working assumption: Subject to UE capability on support PRS measurement outside the MG within a PRS processing window, and UE measurement inside the active DL BWP with PRS having the same numerology as the active DL BWP.
Performing measurement without requesting the gap may eliminate some of the legacy signalling. However, this approach should be enabled with certain conditions/criteria. In the legacy operation, once the UE has received the measurement gap configuration, the UE can perform positioning measurement within the measurement gap. The UE is not expected to transmit / receive any control / data channel within a measurement gap.
In the positioning measurement outside measurement gap, the UE performs positioning measurement within an active BWP. The UE may perform other tasks than positioning measurement as instructed by the gNB, mainly to ensure the communication procedure can still be carried out properly. This could be, for example, receiving data, control channel, or reference signals (e.g., CSI-RS, TRS). We consider positioning measurement outside measurement gap should not negatively impact the legacy data transmission, such as prioritization of URLLC transmission, operation of gNB scheduler, and legacy measurements (e.g., CSI, RSRP).
Observation 1: Positioning measurement outside measurement gap should not negatively impact the legacy data transmission, such as prioritization of URLLC transmission, operation of gNB scheduler, and legacy measurements (e.g., CSI, RSRP).
When the UE is performing positioning measurement in an active bandwidth part, the UE may receive instruction from serving gNB which may disrupt / interrupt the UE positioning measurement. One of the disruptions is when the UE receives instruction to switch BWP in which the UE may no longer be able to receive PRS in a given BWP. This issue was also discussed in RAN1#106e meeting [3]. Another disruption is when the UE needs to receive a cell-specific or broadcast information that may occur during UE positioning measurement (such as System Information, System Information Updates, EWTS information, etc). Furthermore, the UE needs to receive other reference signal, for example, for CSI-measurement, synchronization, etc. Hence, in order to support positioning measurement outside measurement gap, UE behaviour shall be defined when there is such interruption event(s). Different interruption event may correspond to different UE behaviour.
Proposal 4: Define UE behaviour when positioning measurement (outside measurement gap) cannot be satisfied due to interruption event.
In the present of such interruption, If the UE stop the positioning measurement and do not continue the measurement, it will increase the positioning latency. If the UE performs positioning measurement and report partial information, it may compromise the positioning accuracy. However, it could also be the case that the interruption happens when the UE has collected positioning measurement with good quality (e.g. with LOS component). In such case, the UE could stop/halt the positioning measurement, and still providing the positioning measurement report based on partial reception of PRS resource(s). This would not compromise the latency improvement and LMF can still have an option whether to use it or not.

Proposal 5: Support a UE to provide positioning measurement report based on the partial reception of PRS resource(s) in case there is an interruption (e.g. BWP switching) during positioning measurement time window.

Positioning measurement without measurement gap can be beneficial, for example in case the UE has low or sparse data traffic. When there is no data traffic and during PRS transmission, the UE can perform positioning measurement when it is required. The UE can provide assistance information (UAI) indicating serving gNB that the UE is feasible to perform positioning outside the measurement gap. The serving gNB can provide the response whether the UE is allowed to perform positioning measurement when it is needed, for example, within a certain duration of time. During that duration of time, the UE may perform positioning measurement. That duration of time can be restricted during PRS transmission or specific PRS resource set(s) or PRS resource(s).
Another criterion is whether there is a sufficient PRS in the UE active downlink BWP from the serving cell and selected neighbour cell(s). There may also be other criteria that can be further studied.
Proposal 6: UE can provide assistance information (UAI) indicating serving gNB that the UE is feasible to perform positioning outside the measurement gap. Subsequently, serving gNB can provide the response whether the UE is allowed to perform positioning measurement (e.g., when it is needed). Hence, there is no additional latency. 

2.3. Measurement Report Enhancements
In the legacy procedure, once the UE obtained the positioning measurement data, the UE sends uplink scheduling request (SR) to the serving gNB. In response, the serving gNB sends the corresponding UL grant in downlink control channel (PDCCH). Then, the UE transmits the positioning measurement reports in uplink data channel (PUSCH) to the LS via serving gNB. Transmission of scheduling request and receiving the grant introduces non-negligible latency, especially if gNB does not provide the uplink grant immediately. We consider these steps can be eliminated by introducing grant-free or configured grant (CG) PUSCH resources for positioning measurement report. Hence, the positioning latency can be further improved.
CG-PUSCH for positioning measurement is feasible as the context or reporting size of positioning measurement report can be predetermined. A UE can be preconfigured with supporting CG-PUSCH configuration. After the reception of positioning measurement request, the UE can expect to receive configured uplink (UL) grant, in which the uplink allocation will be used for the positioning measurement report.

Proposal 7: Support CG-PUSCH for positioning measurement reporting.
2 Conclusion
In this contribution, we discuss some aspects on latency improvements for DL and DL+UL positioning methods.  We have made the following observation and proposals: 

Observation 1: Positioning measurement outside measurement gap should not negatively impact the legacy data transmission, such as prioritization of URLLC transmission, operation of gNB scheduler, and legacy measurements (e.g., CSI, RSRP).

Proposal 1: gNB provides the configuration of supported MG(s) for positioning latency improvements to UE / LMF. The configuration is provided in higher layers signalling.

Proposal 2: DL MAC CE payload contains the triggering/activation of MG(s) for positioning measurement, including the index of the selected measurement gap configuration.

Proposal 3: Confirm the working assumption: Subject to UE capability on support PRS measurement outside the MG within a PRS processing window, and UE measurement inside the active DL BWP with PRS having the same numerology as the active DL BWP.
Proposal 4: Define UE behaviour when positioning measurement (outside measurement gap) cannot be satisfied due to interruption event.
Proposal 5: Support a UE to provide positioning measurement report based on the partial reception of PRS resource(s) in case there is an interruption (e.g. BWP switching) during positioning measurement time window.
Proposal 6: UE can provide assistance information (UAI) indicating serving gNB that the UE is feasible to perform positioning outside the measurement gap. Subsequently, serving gNB can provide the response whether the UE is allowed to perform positioning measurement (e.g., when it is needed). Hence, there is no additional latency. 
Proposal 7: Support CG-PUSCH for positioning measurement reporting.
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