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Introduction
The revised positioning enhancements WID was approved during the RAN#91-e meeting [1] and the following set of objectives in relation to reduced positioning latency were agreed upon: 
	· 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:
· 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]



Since end-to-end latency is a key performance requirement in Rel-17 positioning, this contribution details some of the issues and associated enhancements associated with the first objective (highlighted in yellow).
Positioning Latency Issues 
Overall End-to-End Latency Evaluations 
Table 1 shows the results of RAN2’s overall latency analysis (excluding RAN1’s physical layer latency evaluations) of the different positioning techniques based on the evaluations agreed in [2].

[bookmark: _Ref61429993]Table 1: RAN2 End-to-end Latency Evaluation Summary for different RAT-dependent positioning techniques
	Positioning Techniques
	Latency Value Ranges (ms)

	UE-Assisted DL-TDOA/ DL-AOD
	134-264.5

	UE-Assisted UL-TDOA/UL-AOA
	137-310

	Multi-RTT
	200-397.5

	UE-Assisted DL NR-ECID
	88-198

	UE-Assisted UL NR-ECID
	47-113.5



It can be observed that the Rel-16 end-to-end positioning latency values exceed the Rel-17 target requirements for a majority of positioning techniques, keeping in mind that physical layer latency values (RAN1 scope) and LCS Request/Response network signalling were omitted. As such, the need for latency reduction techniques is a critical issue in order to serve the desired use cases in Rel-17 including IIoT.

Observation 1: Majority of Rel-17 RAT-dependent positioning techniques exceed the Rel-17 target end-to-end latency requirements.
Latency Reduction – Configuration and Positioning Assistance Data
The following signalling options are under the latency reduction scope of RAN2 based on the transfer of positioning assistance data as per the WID objective:
1) RequestAssistanceData - Signaled to LMF by the UE in the case of UE-based methods (MO-LR).
2) ProvideAssistanceData -  Signaled to the UE from the LMF in a dedicated manner in response to a request or in an unsolicited manner.
3) posSIB- Broadcasted to a groups of UEs according to the posSIB Type, which is mapped to the assistance data. Can also be broadcasted using on-demand request SI signalling.

One of the latency reduction methods, which have been discussed during the previous meetings, Post112-e email discussion [3] and RAN2#113-e email discussion [4] includes the concept of location configuration and scheduling in advance. The discussions centered around the specification of a time parameter ‘T’ in advance of performing the measurements with idea of pre-emptively performing the configuration (including capability transfer messages) and scheduling the required assistance data before performing the actual measurements. 
Overall, there no particular latency reduction of specific LPP procedures are proposed, but only that all the traditional configuration and assistance data signalling is shifted ‘T’ time units in advance of the actual UE positioning measurements. As stated in the email discussion, we are generally supportive for this enhancement across all types of location requests including MT-LR, NI-LR, and MO-LR. 
A potential issue is that the assumed configured ‘T’ duration is chosen such that the configuration (e.g. UE positioning capabilities does not change) and assistance data configuration remains the same within this duration. For example, the ‘T’ duration should fall within the validity timer of a posSIB or set of posSIBs for broadcast assistance data.  If dynamic changes in assistance data or capability information take place within the ‘T’ duration, this could risk invalidating configuration and assistance data, resulting in the repeated transmission of the LPP capability and assistance data transfer messages. Therefore, the time parameter ‘T’ values should be carefully configured such that it is robust to any changes in configuration and signalling.
Observation 2: Dynamic changes in configuration and assistance data could be invalidated within the configured ‘T’ time units. 
Proposal 1: FFS the values for the time parameter ‘T’ for performing location configuration and scheduling in advance.
In the case that multiple location measurements corresponding to different location fixes (p) are required for location configuration and scheduling in advance, e.g. p = {‘T’, ‘T+1’, … ,‘T+n’} (where n corresponds to the number of location configuration and scheduling in advance instances required for each pth fix of the UE’s location estimate), it is recommended that the information in the assistance data is prioritized based on the time in which in these measurements are to be performed for each pth fix of the location estimate. Table 2 shows an high-level example of how the priority can be mapped, where m indicates the mth priority of the location configuration and scheduling in advance instance, T+n for a UE’s location fix p.
[bookmark: _Ref68189006]Table 2: High-level mapping of prioritized assistance data for location scheduling in advance for multiple instances of time ’T’
	UE Measurement time in advance
	Assistance Data Priority, e.g. DL-PRS-ID-Info message (lower number indicates higher priority)
	Location Fix (p)

	T
	1
	1 (first fix)

	T+1
	2
	2

	T+n
	m
	p



Such prioritized DL-PRS transmissions enable a single assistance data signalling message to be sent in advance with a structured priority corresponding to different positioning fixes. Therefore, prioritized DL-PRS assistance data enables improved measurement handling and also allows the UE to transmit corresponding reports within the positioning latency budget, especially for UE-assisted positioning methods. The details regarding the priority rules should be closely coordinated with RAN1.
Observation 3: Prioritized assistance data enables a structured approach towards handling multiple location configuration and scheduling instances in advance, which are required, e.g. in ‘T’, ‘T+1’, …, ‘T+n’ time units in advance. 
Proposal 2: Support prioritized assistance data for location scheduling in advance for multiple measurement time instances corresponding to multiple position fixes, e.g. ‘T’, ‘T+1’, …, ‘T+n’. FFS the number of location configuration and scheduling time instances.
Latency Reduction – Measurement/Location estimate Response
Immediate Reporting
According to the RAN2 latency analysis in [4] for UE assisted DL-TDOA and DL-AoD positioning methods, both LPP RequestLocationInformation and ProvideLocationInformation messages can incur a latency of anywhere between 20-39.5 ms each, which contributes to a significant portion of the total latency. This can contribute approximately 30% of the overall total latency incurred by both request and response messages.
Observation 4: RequestLocationInformation and ProvideLocationInformation messages contribute a combined 30% of the total latency UE assisted DL-TDOA and DL-AoD positioning methods.
Furthermore, in the case of triggered reporting, the higher-layer parameters, responseTime and responseTimeNB contained in the CommonIEsRequestLocationInformation LPP message provided by the LMF have specified response times of 1000 ms - 128000 ms and 1000 ms-512000 ms, respectively [5], which can further compound the delay in relation to the Rel-17 end-to-end latency requirements. This is measured between the receipt of the RequestLocationInformation and transmission of a ProvideLocationInformation (See Figure 1). It can be observed that the current minimum response times do not meet any of the agreed commercial and IIoT end-to-end latency requirements of <100ms and the use of only LPP signalling implies less degree of freedom over how rapid these measurement reports can be provided to the network.
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[bookmark: _Ref61434074]Figure 1: Current UE Positioning Response time indication

Observation 5: The existing configured minimum response times of 1000ms between receipt of the RequestLocationInformation and transmission of a ProvideLocationInformation (measurement report, location estimate) do not fall within the target 100ms end-to-end latency requirements.
An additional assumed drawback is that the reporting of positioning information may not be flexible based on the request initially sent by the network. For example, in the case of UE-assisted methods the report is provided once all the required measurements have been performed or once an early measurement is provided. Figure 2 shows the extract of the ProvideLocationInformation message, where in the worst case all configured measurements as indicated in the RequestLocationInformation message have to be provided. 

-- ASN1START

ProvideLocationInformation ::= SEQUENCE {
	criticalExtensions		CHOICE {
		c1						CHOICE {
			provideLocationInformation-r9	ProvideLocationInformation-r9-IEs,
			spare3 NULL, spare2 NULL, spare1 NULL
		},
		criticalExtensionsFuture	SEQUENCE {}
	}
}

ProvideLocationInformation-r9-IEs ::= SEQUENCE {
	commonIEsProvideLocationInformation
										CommonIEsProvideLocationInformation	OPTIONAL,
	a-gnss-ProvideLocationInformation	A-GNSS-ProvideLocationInformation	OPTIONAL,
	otdoa-ProvideLocationInformation	OTDOA-ProvideLocationInformation	OPTIONAL,
	ecid-ProvideLocationInformation		ECID-ProvideLocationInformation		OPTIONAL,
	epdu-ProvideLocationInformation		EPDU-Sequence						OPTIONAL,
	...,
	[[
	sensor-ProvideLocationInformation-r13
										Sensor-ProvideLocationInformation-r13
																			OPTIONAL,
	tbs-ProvideLocationInformation-r13	TBS-ProvideLocationInformation-r13	OPTIONAL,
	wlan-ProvideLocationInformation-r13	WLAN-ProvideLocationInformation-r13	OPTIONAL,
	bt-ProvideLocationInformation-r13	BT-ProvideLocationInformation-r13	OPTIONAL
	]],
	[[	nr-ECID-ProvideLocationInformation-r16
									NR-ECID-ProvideLocationInformation-r16		OPTIONAL,
		nr-Multi-RTT-ProvideLocationInformation-r16
									NR-Multi-RTT-ProvideLocationInformation-r16 OPTIONAL,
		nr-DL-AoD-ProvideLocationInformation-r16	
									NR-DL-AoD-ProvideLocationInformation-r16	OPTIONAL,
		nr-DL-TDOA-ProvideLocationInformation-r16
									NR-DL-TDOA-ProvideLocationInformation-r16	OPTIONAL
	]]
}

-- ASN1STOP
[bookmark: _Ref68008948]Figure 2: ProvideLocationInformation Message [5]
Observation 6: Anticipated delays in the response time is proportional to the configured measurements.
In order to overcome this issue in the case of UE-assisted methods, the LMF may configure priority rules associated to the configured measurements, which will indicate if separate low latency positioning reports can be transmitted to the LMF with a response time much lower than the existing configuration (See Figure 3, where priority 1 denotes the highest priority measurements). The LPP response time associated with each priority can be can also be configured in a flexible manner. This is different from the responseTimeEarlyFix IE where early measurements are reported, since this solution offers a structured prioritization even when early measurements are available, e.g. between RAT-dependent and RAT-independent measurements.
These priority rules will essentially provide an indication to the UE that once a set of measurements are ready for reporting within a response time, a ProvideLocationInformation message associated to measurements with a certain priority can be reported immediately by the UE without waiting for all the configured measurements to be completed as in the case shown in Figure 2, which can reduce the TTFF. The details on how to apply the priority rules, e.g. positioning latency budget including response times, positioning technique can be FFS. Each prioritized measurement to be reported can be configured with an expected response time. 
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Figure 3: Priority Rule mapping to reduce response times of the ProvideLocationInformation message
Proposal 3: RAN2 considers the support and configuration of priority rules associated to configured measurements to be reported. FFS on how to apply the priority rules and associated response time, e.g. according to latency budget, positioning technique, etc.
Additionally, finer time granular values can be introduced for the response time in order to meet the end-to-end latency requirements < 100ms.
Proposal 4: Introduce additional finer time granular values for the responseTime IE to meet the Rel-17 latency requirements (<100ms). FFS the values to be supported.
Periodic Reporting
According to the outcome of the study phase [6] it was agreed and captured that:
	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)
-	Latency reduction related to the reporting of the measurements (e.g., CG-based transmission) [RAN2]
-     Latency reduction related to the request and response of UE positioning capabilities (e.g., via storing UE capabilities in the network) [RAN2]



Arguably, the CG-based transmission for positioning measurement reporting is still under the scope of the WID objective, although the need was to be further studied and specified, if necessary. A key motivation for this feature was the limited time granularity in the current reportingInterval IE for periodical reporting, which currently supports periodic intervals of 1, 2, 4, 8, 10, 16, 20, 32, and 64 seconds, which is comparatively much more when considering the ms periodicities offered by Type 1 and 2 UL CGs. Companies have argued against the use of any lower signalling (e.g. RRC, MAC-CE) due the lack of LMF functionality in the RAN. 
Observation 7: Current periodic reporting interval is 1, 2, 4, 8, 10, 16, 20, 32, and 64 seconds.
In addition, the SDT CG-based solution for transmitting the location measurement or estimate will also be discussed in the context of RRC_INACTIVE positioning. There is room for potential enhancement in allowing the LMF configured reporting interval to be more closely aligned with the gNB configured CG-based periodicities for reduced latency reporting. The potential specification impacts may include RAN3 work due to the signalling exchange between LMF and gNB.
Observation 8: The impact of CG-based measurement reporting will also be discussed for RRC_INACTIVE positioning.
Therefore, based on the discussion thus far, we prefer consistent treatment and discussion of the CG-based solution for measurement reporting, irrespective of the UE state of operation.  One of the key differences between the CG-based solution in RRC_INACTIVE and RRC_CONNECTED is that the required data volume threshold in RRC_INACTIVE state (catering to small data transmissions) is less than that of the RRC_CONNECTED state. 
Proposal 5: FFS the impact the of CG-based solution for reporting the positioning measurements or location estimate in both RRC_CONNECTED and RRC_INACTIVE states. RAN3 input may be required.
Another issue is related to granularity of the reporting interval related to periodical reports provide by the UE to the LMF. In order to overcome this issue based on the current architecture, it is recommended that finer time granularities are introduced for both reportingAmount and reportingInterval IEs, which are part of the periodicalReporting configuration in LPP in order satisfy the 100ms end-to-end latency requirements of Rel-17. 
Proposal 6: Introduce additional finer time granular values for the reportingAmount and reportingInterval IEs corresponding to a periodical reporting configuration. FFS the values to be supported.
Conclusions
This contribution has noted the following observations in the context of latency reduction for Rel-17 positioning:
Observation 1: Majority of Rel-17 RAT-dependent positioning techniques exceed the Rel-17 target end-to-end latency requirements.
Observation 2: Dynamic changes in configuration and assistance data could invalidate the already location configuration and assistance within the configured ‘T’ time units.
Observation 3: Prioritized assistance data enables a structured approach towards handling multiple location configuration and scheduling instances in advance, which are required, e.g. in ‘T’, ‘T+1’, …, ‘T+n’ time units in advance.
Observation 4: RequestLocationInformation and ProvideLocationInformation messages contribute a combined 30% of the total latency UE assisted DL-TDOA and DL-AoD positioning methods.
Observation 5: The existing configured minimum response times of 1000ms between receipt of the RequestLocationInformation and transmission of a ProvideLocationInformation (measurement report, location estimate) do not fall within the target 100ms end-to-end latency requirements.
Observation 6: Anticipated delays in the response time is proportional to the configured measurements.
Observation 7: Current periodic reporting interval is 1, 2, 4, 8, 10, 16, 20, 32, and 64 seconds.
Observation 8: The impact of CG-based measurement reporting will also be discussed for RRC_INACTIVE positioning.
As a result, the following proposals are summarized as follows:
Proposal 1: FFS the values for time parameter ‘T’ for performing location configuration and scheduling in advance.
Proposal 2: Support prioritized assistance data for location scheduling in advance for multiple time instances, e.g. ‘T’, ‘T+1’,…, ‘T+n’. FFS the number of location configuration and scheduling time instances.
Proposal 3: RAN2 considers the support and configuration of priority rules associated to configured measurements to be reported. FFS on how to apply the priority rules, e.g. according to latency budget, positioning technique, etc.
Proposal 4: Introduce additional finer time granular values for the responseTime IE to meet the Rel-17 latency requirements (<100ms). FFS the values to be supported.
Proposal 5: FFS the impact the of CG-based solution for reporting the positioning measurements or location estimate in both RRC_CONNECTED and RRC_INACTIVE states. RAN3 input may be required.
Proposal 6: Introduce additional finer time granular values for the reportingAmount and reportingInterval IEs corresponding to a periodical reporting configuration. FFS the values to be supported.
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