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1 Introduction
At RAN plenary #91, the revised WID on NR positioning enhancements was agreed [2], with new objectives related to positioning latency as follows:  

	

· 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]






At RAN2#113bis-e meeting, no agreements were made.

At RAN2#114-e meeting [4], the following agreements were made:

Agreements:
Support pre-configuration of assistance data to the UE at least in an LPP session.  Details of how to enable this are FFS (e.g. what additional functionality beyond deferred location procedure might be needed).
The LPP Request Location Information message can serve as an indication to the UE to utilize the pre-configured AD.  FFS additional conditions/validity criteria for using the pre-configured AD.


At RAN2#115-e meeting [5], the following agreements were made related to latency:

Agreement:
Proposal 3:	Regarding the validity conditions/criteria associated with pre-configured assistance data, consider at least the following options:
	Option A: Based on a validity area (e.g. a list of cells)
	Option B: Based on a (configured) validity timer or a numerical limit on number of times it is utilized
	Option C: Based on explicit modification or release from the LMF/NG-RAN
	Option D: Based on the UE’s current location and/or the time


At RAN1#106b-e meeting [6], the following agreements were made related to latency: 

	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

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




At RAN2#116e meeting [7], the following agreements were made related to latency,

Assistance data:
 
Agreements:
Proposal 1: Assistance data can be (pre-)configured independently of any given LPP positioning session and thus can be reused across multiple positioning sessions.
Proposal 2: It is suggested to agree that in order to reduce positioning latency associated with signaling of assistance data (via both broadcast or dedicated signaling), pre-configured assistance data can be considered valid for usage across multiple LPP positioning sessions.
FFS spec impact from these proposals.


Agreement:
Pre-configured assistance data (distinct from “pre-defined configuration” as discussed for on-demand PRS) refers to the DL-PRS assistance data (with associated validity criteria) that can be provided to the UE (before or during an ongoing LPP positioning session), to be then utilized for potential positioning measurements at a future time (e.g. for deferred MT-LR).  FFS whether to capture this in a spec.


Agreement:
Proposal 8 (modified): Down-prioritize dynamic triggering of a preconfigured SRS at UE in connected mode by gNB for transmitting SRS based on measurement report provided by UE in Rel-17.

No agreements were made related to, 
· End to end latency
· Measurement reporting enhancements

In this contribution, we discuss our views on the introduction of the support for enhanced latency aspects.

2 Discussions on latency reduction
In the following subchapters we elaborate on positioning latency background and make proposals related to measurement gap configuration and measurement report enhancement also with references to ongoing RAN1 discussions.
2.1 Positioning Latency Reduction Background
Low latency positioning is one of the KPI in NR positioning enhancement study in Rel-17. Based on the discussions in the previous meeting, the latency of the legacy NR positioning is still relatively high (e.g. more than 1000 ms) in comparison to the expected positioning latency target in Rel-17 (10s of ms). In RAN1#102e meeting, a number of agreements were made [3]: 
· 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.
During study item phase, it was discussed the best achievable physical layer latency of DL-TDoA in Rel-16. We observed, it is still far higher than 10 ms as the expected physical layer latency in Rel-17. In our view, RAN1 shall focus on reduction of physical layer latency. This covers at least related to the triggering aspect, reference signal transmission, processing (e.g. measurement), and reporting of the positioning measurements. In case of downlink-based positioning, physical layer latency Start and End times are defined as follows [3]:

	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 



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: ]
Figure 1: Illustration of UE-assisted DL-based positioning procedure

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 related to the physical layer latency. The latency analysis of the legacy (Rel-16) UE-assisted downlink-based positioning was performed and reported in [3]. 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.

2.2 Positioning with Measurement Gap configuration
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. 

At RAN1#107 [8] the following agreement was made,

Agreement
The DL MAC CE for MG activation indicates the ID associated with the preconfigured MG.

At RAN1#107,  the following LS to RAN2 was agreed [R1-2112881.], indication the following agreements


	Agreement
PRS processing window request to the gNB by the LMF is supported from RAN1 perspective.
· It is up to RAN3 to design the necessary information to be transferred in the NRPPa message.
· Note: It is up to gNB to determine the usage of measurement gap or PRS processing window
· Include it in the LS to RAN2 and RAN3.

Agreement
For PRS processing window configuration and indication, at least the following mechanism is supported
· RRC (pre-)configuration for PRS processing window configuration and DL MAC CE activation for PRS processing window, respectively.
Include it in the LS to RAN2 and request RAN2 to decide whether DL MAC CE is feasible for this indication.




RAN2 should consider the RAN1 agreements above related to activation of measurement gap configuration.

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

Reducing positioning measurement time duration would also reduce the positioning latency. In RAN1#106bis-e, it was agreed to support a new measurement gap (MG) activation procedure to be performed by the gNB using DL MAC CE. Furthermore, MG activation request for the purpose of positioning by LMF via NRPPa message is also supported. In our view, LPP location information request from LMF to UE should be arranged together with the NRPPa message from LMF to gNB. Hence, the UE could receive the LPP location information in PDSCH and the DL MAC CE for measurement gap activation relatively at the same time. At least, the DL MAC CE on MG activation should be received prior to the PRS transmission.

Proposal 3: Define a timing relationship between LPP location information request and NRPPa on MG activation request.

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 it indicates that the uplink allocation will be used for the positioning measurement report.

In RAN1, using PUSCH resource to carry the LPP measurement report, including the usage of CG-PUSCH, has been discussed in RAN1#107e meeting [8] but no consensus has been reached. The suggestion from some companies was to further discuss this topic in RAN2.

Proposal 4: Support CG-PUSCH for positioning where the PUSCH resource is used to carry the LPP measurement report.

3 Summary
In this contribution, we have discussed our view on potential positioning enhancements in NR. Our observation and proposals are listed below:

Proposal 1: gNB provides the configuration of supported MG(s) for positioning latency improvements to UE / LMF. 

Proposal 2: Support 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: Define a timing relationship between LPP location information request and NRPPa on MG activation request.

Proposal 4: Support CG-PUSCH for positioning where the PUSCH resource is used to carry the LPP measurement report.
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