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Introduction
The work item scope on NR positioning enhancements includes the following scope for latency reduction [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 this contribution, we discuss potential enhancements related to the following objectives:
Latency reduction related to the time needed to perform UE measurements
Latency reduction related to the measurement gap.
Our views on other NR positioning enhancements are provided in our companion contributions [5] - [9].

NR Positioning Latency Reduction
The potential latency reduction enhancements for NR Positioning were analyzed by RAN WG1 and RAN WG2 as captured in the 3GPP TR on NR positioning enhancements [2]. According to our latency analysis provided in [3], the latency components related to configuration/request of the measurement gaps and DL PRS processing delay are dominant ones. In the next sub-sections, we focus on potential latency reduction for UE DL PRS processing including potential solutions to reduce latency for measurement gap configuration and measurement time.

Measurement Gap Considerations
The measurement gap request and configuration for UE positioning measurements significantly contribute to the latency of the Rel.16 NR positioning protocols. The RRC processing delays associated with measurement gap request and configuration may consume ~ 5ms + 10ms respectively [2]-[3]. To reduce latency associated with the measurement gap new solutions are needed to reduce latency of NR positioning methods that require DL PRS processing.
In Rel.17, the following directions (related to MG) for NR positioning latency reduction can be considered:
Approach 1: Enhancements of NR positioning framework with measurement gap
· In Rel.16, the basic functionality of UE DL PRS processing with measurement gap including UE capabilities and procedures for NR positioning with measurement gap configuration were specified.
Approach 2: Enhancements of NR positioning framework without measurement gap
· In Rel.16, UE DL PRS processing without measurement gap were discussed. At the same time many details were left up to UE implementation, including UE DL PRS processing capabilities. 
· The major benefits of this approach are twofold 1) there is no need for measurement gap request and configuration and 2) UE is expected to simultaneously support DL PRS and other physical channels / signals.

NR Positioning with Measurement Gap
For DL PRS processing with measurement gap, at least the following aspects need to be discussed for NR positioning latency reduction across RAN WGs (RAN1, RAN2 and RAN4):
Optimization of measurement gap configuration settings for DL PRS transmission/processing
· Support of additional measurement gap patterns (e.g. periodicity same as for DL PRS transmission periodicity, measurement gap length(s), etc).
· In our view, enhancements targeting measurement gap pattern optimization can be directly discussed and defined by RAN4. RAN1 may provide guidance to RAN4 to consider optimization of MG patterns for positioning purposes, including small periodicity values to align with DL PRS configuration capabilities (e.g. periodicity, etc.).
Signaling for measurement gap request and configuration
· To reduce latency for NR Positioning measurement, new signaling mechanism for measurement gap request and configuration may need to be considered to avoid large RRC processing delays. The primary candidate design options here are MAC CE or DCI signaling mechanism. Given that DCI signaling is more dynamic and has lower latency it may be considered as a better design choice from RAN1 perspective. However, support of DCI signaling mechanism for MG indication may require new approach for MG configuration.
The following enhancements can be considered for signaling related to MG support
Pre-configuration of multiple measurement gaps (DL PRS configurations):
· To reduce DCI payload and reduce latency for MG configuration, UE can be pre-configured in advance with a set of MG configurations with different settings (e.g. MG periodicity, length, etc.) and associated MG IDs.
· Note: It is assumed that pre-configuration of MG patterns is performed in advance and thus it can be considered out of NR positioning latency budget
Dynamic indication of DL PRS pre-configuration and the pre-configured MG
· If MGs are preconfigured to UE, the DCI signaling can be used to indicate transmission for one (or more) of the pre-configured DL PRS configurations and one (or more) of the pre-configured MGs aligned with the selected DL PRS pre-configuration.
· DL PRS transmission can be indicated in the same DCI and provide information on DL PRS transmission occasion e.g. given period/instance and number of periods/instances for DL PRS transmission
Measurement gap request enhancements
· In Rel.16 NR positioning, measurement gap request for DL PRS processing is also implemented through RRC signaling. To reduce latency for MG request, the low layer signaling can be also considered with primary candidate signaling options: MAC CE or uplink control information (UCI). In our view, this aspect can be also optimized, if enhancements related to dynamic MG activation/configuration are introduced.


For the case of DL PRS processing with measurement gap to reduce latency of NR positioning further consider the following enhancements
Optimization of Rel.16 measurement gap patterns
Pre-configuration of multiple measurement gaps patterns and associated DL PRS configurations
Introduction of DCI signaling indicating DL PRS configuration/measurement gap IDs for DL PRS transmission and processing by UE
RAN1 send LS to RAN2/RAN4 capturing status of the RAN1 discussion related to MGs for feedback

NR Positioning w/o Measurement Gap
For DL PRS processing without measurement gap, at least the following aspects need to be discussed for NR positioning latency reduction across RAN1, RAN2 and RAN4 WGs:
Mechanism to trigger UE DL PRS measurements and report
· As in design with MG, the new signaling mechanism to trigger UE positioning measurement and associated report by UEs need to be defined. Considering low latency positioning requirements, the DCI signaling mechanism can be considered as a candidate option.
Relationship and potential switching from(to) active DL BWP to(from) DL PRS bandwidth
· It needs to be discussed whether scenarios where bandwidth allocation of DL BWP and DL PRS frequency layer are not aligned/overlapped. The assumption on non-aligned bandwidths may bring additional challenges to the framework. At the same time the alignment may not be easy given that LMF is not aware about DL-BWP configuration controlled by gNB. On the other hand, gNB may decide to allocate DL-BWP in the same spectrum as DL PRS frequency layer.
· If bandwidth of active DL BWP monitored by UE is not aligned with DL PRS frequency layer UE may need to tune it RX chain for processing DL PRS frequency layer. Therefore, mechanism for switching from(to) DL BWP to(from) DL PRS frequency layer may be needed. Otherwise, bandwidth and numerology of active DL BWP should be always aligned with bandwidth and numerology of DL PRS frequency layer. It should be noticed that from latency reduction perspective the UE switching b/w active monitored DL BWP and new DL BWP allocated within DL PRS frequency layer is not desirable.
Simultaneous processing of DL PRS and other DL physical channels / signals
· UE capabilities for the case of DL PRS processing w/o measurement gap were not defined in Rel.16 and thus there is no associated processing delay defined. These aspects need to be reconsidered, if NR positioning w/o measurement gap is further considered in Rel 17.
· UE supporting DL PRS processing w/o measurement gap, should be able to simultaneously process other DL physical channels and signals. It needs to be further analyzed whether simultaneous processing of DL PRS and other DL physical channels / signals by UE may have any potential limitations. 

Based on discussion above, we have following proposal for DL PRS processing without measurement gap:


For the case of DL PRS processing without measurement gap to reduce latency of NR positioning further consider
Introduction of DCI signaling indicating DL PRS configuration and triggering UE DL PRS measurement report over a given set of DL PRS occasions/periods for given DL PRS configuration
Study of mechanisms for potential UE switching from/to active DL BWP to/from DL PRS frequency layer or possibility of spectrum and numerology alignment of DL BWP and DL PRS frequency layer
Definition of UE capabilities for DL PRS processing w/o measurement gap configuration

Measurement Time Considerations
In terms of DL PRS measurement, there are following major components contributing to the latency of NR positioning
DL PRS alignment time
· In Rel.16 only periodic DL PRS allocation is supported with configurable DL PRS transmission periodicity. Obviously, there is a tradeoff between DL PRS processing latency and DL PRS resource utilization (the lower DL PRS periodicity the higher DL PRS overhead).
· To reduce DL PRS overhead and latency for DL PRS processing, the DL PRS need to be dynamically allocated. The following implementation options can be considered to support it:
· Option 1. With pre-configured DL PRS periodicity and offset
· In this case, DL PRS transmission period is pre-configured and DCI signaling can serve as an indication of DL PRS transmissions on a consecutive set of N DL PRS periods and offset with respect to SFN0 (N ≥ 1). Activated DL PRS transmission can be also associated with a slot carrying DCI.
· Option 2. Without pre-configured DL PRS periodicity and offset
· In this case, DL PRS transmission period, time offset, and number N of DL PRS transmission periods can be directly indicated by DCI with respect to DCI transmission instance / slot and/or SFN0
DL PRS processing delay
· For NR positioning latency reduction, the on-line (real-time) processing of DL PRS is desirable to minimize measurement and reporting delay.
· Rel.16 design assumes that UE is expected to process at least 4 DL PRS occasions (number of PRS samples = 4). The  measurement period for UE DL PRS measurement in DL PRS frequency layer i is specified in [3GPP TS 38.133]:

The above measurement period assumption significantly increases latency of NR positioning report. To reduce latency the single shot DL PRS processing (processing over single DL PRS period/occasion) should be supported and thus support of measurement report with  = 1 should be introduced. The concept of DL PRS reference resource may be also considered.
· In Rel.16, UE DL PRS processing capability is defined for a single positioning frequency layer. UE capability for simultaneous DL PRS processing across multiple positioning frequency layers is not supported in Rel.16 (i.e. for a UE supporting multiple positioning frequency layers, a UE is expected to process one frequency layer at a time). Support of UE capability for simultaneous DL PRS processing across multiple positioning frequency layers may further improve accuracy as well as reduce DL PRS measurement time.


For NR positioning latency reduction, 
Further consider DCI based mechanism for indication of DL PRS transmission in a given transmission period/occasion based on pre-configured DL PRS configuration/resources
Further consider support of DL PRS measurement and report for single DL PRS period/occasion
Further analyze UE DL PRS processing capabilities aiming to reduce latency of DL PRS measurement time including possibility of simultaneous processing across multiple DL PRS frequency layers

On Latency Reduction Signalling
In [5]-[11], the configuration of scheduling location in advance is debated for NR positioning purposes. The definition of scheduling location timing needs to be understood in more details, i.e. its timing relationship with time instances for DL PRS transmission, UE DL PRS measurement report, UE location estimation etc. In general, the principle of pre-alignment / pre-planning of scheduling locations for DL PRS transmission can be done even w/o physical layer signaling using LPP or NRPPa protocol if it can be assumed that DL PRS are periodically transmitted all the time. The LPP protocol can be used to provide scheduling location information to UE and NRPPa protocol can be used for exchange of scheduling location information between LMF and gNBs to determine DL PRS transmission instances. In our understanding, this application layer mechanism can be beneficial if multiple UEs/LCSs have the same demands for DL PRS transmission in terms of periodicity and timing. However, if demands of UEs are different or if support of event triggered positioning report is required, the DCI signaling mechanism may still be necessary to provide tradeoff in terms DL PRS processing latency and DL PRS resource utilization. Therefore, the discussed by SA2 and RAN2 mechanism is more a time-alignment mechanism rather than latency reduction mechanism/solution.


For NR positioning latency reduction,
Continue discussion on scheduling location and DCI based signaling mechanism once more details are clarified by SA2 with respect to definition and potential pre-configuration of scheduling location information for NR positioning

Conclusions
In this contribution, we have provided our views on latency reduction for NR positioning enhancements (the Rel.17 WI on NR positioning enhancements). In summary, we have following proposals:

Proposal 1: 
For the case of DL PRS processing with measurement gap to reduce latency of NR positioning further consider the following enhancements
Optimization of Rel.16 measurement gap patterns
Pre-configuration of multiple measurement gaps patterns and associated DL PRS configurations
Introduction of DCI signaling indicating DL PRS configuration/measurement gap IDs for DL PRS transmission and processing by UE
RAN1 send LS to RAN2/RAN4 capturing status of the RAN1 discussion related to MGs for feedback

Proposal 2: 
For the case of DL PRS processing without measurement gap to reduce latency of NR positioning further consider
Introduction of DCI signaling indicating DL PRS configuration and triggering UE DL PRS measurement report over a given set of DL PRS occasions/periods for given DL PRS configuration
Study of mechanisms for potential UE switching from/to active DL BWP to/from DL PRS frequency layer or possibility of spectrum and numerology alignment of DL BWP and DL PRS frequency layer
Definition of UE capabilities for DL PRS processing w/o measurement gap configuration

Proposal 3: 
For NR positioning latency reduction, 
Further consider DCI based mechanism for indication of DL PRS transmission in a given transmission period/occasion based on pre-configured DL PRS configuration/resources
Further consider support of DL PRS measurement and report for single DL PRS period/occasion
Further analyze UE DL PRS processing capabilities aiming to reduce latency of DL PRS measurement time including possibility of simultaneous processing across multiple DL PRS frequency layers

Proposal 4: 
For NR positioning latency reduction,
Continue discussion on scheduling location and DCI based signaling mechanism once more details are clarified by SA2 with respect to definition and potential pre-configuration of scheduling location information for NR positioning
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