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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]



Latency includes higher layer and physical layer latency. The physical layer latency start- and end-time for each positioning method is defined as follows [2].
Table 1: Definition of physical layer latency start- and end-time
	Method
	Start
	End

	UE assisted DL-only & DL-ECID & Multi-RTT
	Transmission of the PDSCH from the gNB carrying the LPP Request Location Information message
	Successful decoding of the PUSCH carrying the LPP Provide Location Information message 

	UL-only method & UL ECID & Multi-RTT
	Reception by the gNB of the NRPPa measurement request message
	The transmission by the gNB of the NRPPa measurement response message

	UE-based
	-	Alt. 1: transmission of the PUSCH carrying the MG Request from the UE.
-	Alt. 2: Transmission of the PDSCH from the gNB carrying the LPP message containing the assistance data
-	Alt. 3: Start of the Reception of DL PRS
	Successful decoding of the PUSCH at gNB carrying the LPP Provide Location Information message if applicable, otherwise Calculation of Location Estimate at the UE
 



This contribution discusses some considerations 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 gNBs/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 (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 latency analysis of the legacy (Rel-16) UE-assisted downlink-based positioning was performed and reported in [2]. The results indicated that minimum estimated physical layer latency for Rel.16 downlink-based UE-assisted NR positioning exceeds 10 ms. We consider it is typically in the order of 50 ms in a best scenario. This is clearly exceeding the physical layer latency of NR positioning Rel-17. It has also been identified the major physical layer latency components:
· 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.
The positioning procedure where the UE is required to request measurement gap, receiving measurement gap configuration, and performing measurement may typically results in hundreds of msec latency. This is relatively substantial number of physical layer latency. A low latency can also be achieved when the PRS periodicity is configured in a small number with the cost of increasing overhead of PRS transmission. The PRS resource set periodicity in FR1 ranges from 4ms to 10240 ms.
As shown in Figure 1, a UE is required to request measurement gap. This step can be eliminated if gNB is aware that a particular UE has been requested to provide positioning measurement by LMF. One possibility is to provide a new signal from LMF to gNB indicating of measurement gap for a UE that has been requested to provide positioning measurement. The UE is no longer required to transmit the measurement gap request as the gNB has been indicated by the LMF. This will further reduce the positioning latency.
Proposal 1: Support measurement gap indication from LMF to gNB.

Subsequently, the gNB can provide a layer-1 indication to the UE to perform positioning measurement. Particularly when gNB scheduler has identified when the measurement gaps would be available.
The Layer-1 indication is needed here as it can provide lower latency than RRC signalling. This can be in a form of an L1 control channel carrying positioning DCI.
Proposal 2: Support L1 signalling (positioning DCI) indicating the UE to perform positioning measurement.
In the current specification, measurement gap duration that can be configured by gNB is configurable with the minimum value of 20 ms. The measurement gap minimum duration is still larger than the target of physical layer latency at 10 ms. 
Proposal 3: Introduce a new measurement gap smaller than 20 ms in order to provide low physical layer latency. 
2 Conclusion
In this contribution, we discuss some aspects on latency improvements for DL and DL+UL positioning methods.  We have made the following proposals: 
Proposal 1: Support measurement gap indication from LMF to gNB.
Proposal 2: Support L1 signalling (positioning DCI) indicating the UE to perform positioning measurement.
Proposal 3: Introduce a new measurement gap smaller than 20 ms in order to provide low physical layer latency. 
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