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1 Introduction
The agreements made during RAN1 #103-e meeting on latency reduction are as follows [1]: 
	Agreement:
Capture the following in the TR:

· The enhancements of signaling & procedures for reducing NR positioning latency are recommended for normative work, including DL and DL+UL positioning methods  

· The details of the solutions are left for further discussion in normative work, which may include the following aspects:

· Latency reduction related to the measurement gap
· Latency reduction related to the reporting and request of the measurements (e.g., via RRC signaling, MAC-CE and/or physical layer procedure, and/or priority rules)

· Latency reduction related to measurement time

· The following enhancements of signaling & procedures for reducing NR positioning latency can be studied and specified, if needed

· Latency reduction related to the request and response of positioning assistance data (e.g., via RRC signaling, MAC-CE and/or physical layer procedure)

· Latency reduction related to the reception of DL PRS (e.g., priority rules for the reception of DL PRS)

· No assumptions are made on whether the LCS architecture specified in TS 23.273 is enhanced or not.


The agreements during RAN2#112-e meeting on latency analysis are as follows [2]:
Agreements:
1. For latency analysis of Rel.16 solutions, RAN2 only consider the latency of positioning procedure, i.e. step 5 in MO-LR/step 12 in MT-LR (involving RRC, LPP, NRPPa, MAC).  A note is added to the TR and in our response to RAN1 to clarify this is what we covered.  We can clarify to RAN1 that more time would be needed for an end-to-end analysis.

2. For latency analysis of Rel.16 solutions, RAN2 only consider the latency caused by UE, gNB, AMF and LMF. 

3. For latency analysis of Rel.16 solutions, RAN2 consider both UE-based and UE-assisted.

In this contribution, we discuss the potential enhancements for latency reduction that can be supported for DL-based, UL-based and UL+DL based positioning for satisfying latency requirements targeted for Rel-17. Text proposals for latency reduction enhancements are provided in the Appendix.
2  Discussion
2.1 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 in 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 (ranging between 13-13.5ms) as evaluated in [617] email discussion [4] and in our contribution [5] due to RRC signaling. 
Observation 1: The procedure and signaling related to configuration of measurement gap causes significant latency

Regarding latency reduction enhancements related to measurement gap, RAN1 can continue leading the discussion and RAN2 can discuss the associated impacts to procedures and signaling in LPP, RRC or MAC. In this regard, certain procedures may be considered for eliminating or minimizing the latency due to measurement gap configuration such that the UE can measure DL PRS with minimal delay. The following procedure options can be considered for supporting measurement gap configuration-less measurement of DL-PRS

· Option 1: UE measures DL PRS without being configured of measurement gaps or outside of measurement gaps. The UE performs DL-PRS measurement upon receiving the LPP location information request 

· Option 2: UE can be preconfigured with different measurement gap configurations which may include parameters for supporting periodic, aperiodic, and semi-persistent DL PRS. The UE performs DL-PRS measurement upon receiving an indication from gNB (e.g. in MAC CE) for activating a preconfigured measurement gap 
In both options, the LMF can coordinate with gNB (via NRPPa signaling) upon sending the LPP location information request for aligning the measurement gap with the DL PRS configuration. 
Proposal 1: 
RAN2 supports measurement gap configuration-less measurement of DL PRS, where UE measures DL PRS without being configured of measurement gaps or outside of measurement gaps
Proposal 2: 
RAN2 supports measurement gap configuration-less measurement of DL PRS based on the  indication received from gNB (e.g. in MAC CE).
The TPs corresponding to the proposals are provided in the Appendix.
2.2 Enhancements for prioritized transmission of PRS/SRS  

The use of priority rules for PRS reception provides more flexibility at UE and RAN for satisfying the low latency requirements associated with positioning and other data and RS transmission. Without priority rules, transmission of data and other RS may take precedence over PRS, hence resulting in higher latency for positioning. As indicated by agreements in RAN1#103-e [1], latency reduction can be achieved with prioritized positioning based on priority rules for the reception of PRS. For example, a high (low) priority can be assigned/indicated for PRS associated with a positioning service with low (relaxed) latency.
Observation 2: The configuration of priority rules and indication of priority for PRS can be dependent on the latency requirement of the supported positioning service 

For DL-based positioning, the UE can be configured with priority rules for reception of DL PRS and reporting of the measurements (for UE-assisted positioning) or location estimates (for UE-based positioning). The priority rules can be configured either via assistance data by LMF or via RRC signalling by RAN. The UE can use the configured priority rules for determining whether to perform DL PRS measurement or the transmission/reception of data and other RS. Since the LPP request for location information is received transparently to gNB, the UE can indicate to gNB the prioritization of DL PRS measurement. For example, when the UE indicates reception of high priority DL PRS, the gNB can suspend the transmission of lower priority data and activate configured grant for the transmission of measurement report/location estimates. Alternatively, the LMF can indicate to gNB the priority of DL PRS transmission (via NRPPa signaling). The gNB can then configure the priority rules (e.g. in RRC signaling) or dynamically indicate to UE the priority of DL PRS reception and measurement (e.g. in MAC CE).     

For UL-based positioning, the UE may trigger the transmission of SRSp based on the reception of the priority indication in RRC signalling or lower layer signalling (e.g. MAC CE, DCI). The UE may be configured with priority rules for determining which transmission type to be prioritized (i.e. SRSp, data). The priority of the SRSp can be associated with the type of the SRSp. For example, the transmission of aperiodic SRSp can be assigned with a priority value which may be different (e.g. higher) than the priority assigned for periodic or semi-persistent SRSps.    
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. The gNB can indicate the priority of SRSp so that the UE can determine which transmission to drop.
Proposal 3: 
For DL-based and UL+DL based positioning, RAN2 supports configuring of priority rules in UE (e.g. in LPP or RRC signaling) for determining prioritization of DL PRS measurement and reporting of measurements/location estimate
Proposal 4: 
For UL-based and UL+DL based positioning, RAN2 supports configuring of priority rules in UE (e.g. in RRC signaling) and indication of priority for prioritizing UL SRSp transmission (e.g. in MAC CE)
The TPs corresponding to the proposals are provided in the Appendix.
2.3 Enhancements for supporting dynamic activation/deactivation of PRS/SRSp configurations

As analyzed in [616] and [617] post-RAN2#112e email discussions [3][4], the procedures associated with LPP assistance data transfer for sending DL PRS configuration and RRC signaling for configuring SRSp in UE results in significant latency. Further latency may ensue when the PRS and/or SRSp configuration need to be frequently reconfigured due to possible degradation in positioning as a result of dynamic UE radio environment and UE mobility. For minimizing latency associated with (re)configuring PRS/SRSp, a mechanism for dynamic triggering preconfigured PRS/SRSp configurations can be considered.  

For DL-based and UL+DL positioning, the UE can be preconfigured with multiple DL PRS configurations. The different DL PRS pre-configurations can be provided to UE by LMF in assistance data. The LMF can indicate to UE to activate a DL PRS pre-configuration for measurement based on the measurement report/location estimates provided by UE. Alternatively, gNB can indicate to UE for activating PRS measurement or measurement reporting based on trigger received from LMF in NRPPa signaling.      

For UL-based and UL+DL positioning, the UE can be preconfigured by RAN with multiple UL-SRSp configurations. Subsequently, similar to the case of aperiodic/semi-persistent SRSp, the RAN can indicate to UE to activate an UL-SRSp configuration based on measurement report provided by RAN to LMF and the trigger indicated by LMF to RAN (i.e. via NRPPa).  

In the case of UE mobility, similar enhancements for latency reduction can be considered where the UE need not request and receive assistance data when the (primary) serving cell is changed (as in Rel-16 LPP procedure). In this case, the procedure where the UE can receive suitable assistance data in advance, consisting of the PRS/SRSp pre-configurations, via the serving cell (e.g. prior to HO) followed by activation  during/after HO may be considered for latency reduction.   
Proposal 5: 
For DL-based and UL+DL positioning, RAN2 supports preconfiguring DL PRS configurations in UE and activation/deactivation of DL PRS configurations based on indication from LMF/RAN
Proposal 6: 
For UL-based and UL+DL positioning, RAN2 supports preconfiguring UL SRSp configurations in UE and activation/deactivation of UL SRSp configurations based on indication from gNB (e.g. in MAC CE)
Conclusion
In this contribution, the following observation were made on: 

Observation 1: The procedure and signaling related to configuration of measurement gap causes significant latency

Observation 2: The configuration of priority rules and indication of priority for PRS can be dependent on the latency requirement of the supported positioning service 

Based on these observations, the following conclusions were made:

Proposal 1: 
RAN2 supports measurement gap configuration-less measurement of DL PRS, where UE measures DL PRS without being configured of measurement gaps or outside of measurement gaps
Proposal 2: 
RAN2 supports measurement gap configuration-less measurement of DL PRS based on the  indication received from gNB (e.g. in MAC CE).

Proposal 3: 
For DL-based and UL+DL based positioning, RAN2 supports configuring of priority rules in UE (e.g. in LPP or RRC signaling) for determining prioritization of DL PRS measurement and reporting of measurements/location estimate
Proposal 4: 
For UL-based and UL+DL based positioning, RAN2 supports configuring of priority rules in UE (e.g. in RRC signaling) and indication of priority for prioritizing UL SRSp transmission (e.g. in MAC CE)
Proposal 5: 
For DL-based and UL+DL positioning, RAN2 supports preconfiguring DL PRS configurations in UE and activation/deactivation of DL PRS configurations based on indication from LMF/RAN

Proposal 6: 
For UL-based and UL+DL positioning, RAN2 supports preconfiguring UL SRSp configurations in UE and activation/deactivation of UL SRSp configurations based on indication from gNB (e.g. in MAC CE)
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Appendix – TP to TR 38.857
TP for Measurement Gap:
The following options to reduce the latencies associated with measurement gap configurations are identified:

· Measurement gap configuration-less measurement of DL PRS, where the UE measures DL PRS without being configured of measurement gaps or outside of measurement gaps 

· Measurement gap configuration-less measurement of DL PRS based on the trigger received from gNB in lower layer signaling (e.g. in MAC CE) 

Measurement gap configuration-less measurement of DL-PRS can be supported based on coordination between LMF and gNB (via NRPPa signaling) for aligning measurement gap with the DL PRS configuration. 
TP for Prioritized Positioning RS 

For DL-based and UL+DL based positioning, the UE can be configured with priority rules and indicated with priority for supporting

· Prioritization of DL PRS measurement over the transmission/reception of data and other RS 

· Prioritization of reporting of the measurements/location estimates to network
For UL-based and UL+DL based positioning, the UE can be configured with priority rules and indicated with priority for supporting

· Prioritization of UL PRS transmission over the transmission/reception of data and other RS
TP for Activation/Deactivation of Positioning RS pre-configurations
For DL-based and UL+DL positioning, the UE can be preconfigured with multiple DL PRS configurations. The different DL PRS pre-configurations can be provided to UE by LMF in assistance data. The LMF can indicate to UE for activating a DL PRS pre-configuration based on the measurement report/location estimates provided by UE      

For UL-based and UL+DL positioning, the UE can be preconfigured by RAN with multiple UL-SRSp configurations. The gNB can indicate to UE for activating an UL-SRSp configuration based on measurement report provided by RAN to LMF and the trigger indicated by LMF to RAN (i.e. via NRPPa signaling)  
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