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Introduction
During the RAN2#115-e meeting [1] the following agreements were reached:  
	Agreements:
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

Agreements:
Proposal 6 (modified): In response to the question asked by SA2 regarding UE positioning capability, it is proposed to capture that the positioning related UE capabilities can be variable.
NOTE: P6 was edited after agreement for clarity (deletion marked with strikeout).  Checked in email discussion [AT115-e][600].



This contribution addresses further aspects related to positioning latency reduction. 
Response Times
In order to meet the stringent latency requirements in Rel-17, adapting the response time over the currently specified values should be considered.  RAN2 has already sent a subsequent reply LS [2] confirming that finer granularity response time can be signalled. A remaining issue is to finalize the newly introduced response time values.  
Finer granular Response times
Table 1 shows the summary of the overall latency analysis of the key procedures between the receipt of RequestLocationInformation and transmission of a ProvideLocationInformation messages as evaluated in [3, 4] for DL-based positioning methods.
[bookmark: _Ref71216979]Table 1: Key procedures that influence Response Times to LMF [3][4]
	LPP Procedure
	Lower Value Range (ms)
	Upper Value Range (ms)

	LPP Request Location Information
	23
	39.5

	RRC Location Measurement Indication
	5
	8.5

	RRC Measurement Gap configuration
	13
	13.5

	DL PRS measurement [5]
	72.5
	88.5

	LPP Provide Location Information
	20
	39.5

	Total
	133.5
	189.5



Based on the Rel-16 solutions, it will be challenging to reduce the response times to < 100ms based on the different procedures between the receipt of RequestLocationInformation and ProvideLocationInformation messages, nonetheless additional unit fields for the responseTime field can be introduced.  However, it seems feasible that the response time can be reduced into the ms range, e.g., in range of ten-milliseconds. Therefore the following options can be considered in terms of value range step sizes 1) 10ms 2) 100ms, where Options 1 and Option 2 can be differ in terms of the granularity to satisfy the latency requirements.
Proposal 1: Introduce additional finer time granular values and step sizes (e.g. 10ms or 100ms) for the responseTime IE, e.g., in range of ten-millisecond.
UE capability - Response Times 
RAN1 has currently begun preliminary discussions on UE features and thus it would be beneficial if RAN2 can provide corresponding input on any new potential capabilities related to granular responseTime values, once the new values have been finalized. Different UEs may support varying response time values depending on the hardware capabilities and therefore such capabilities may be considered static.
Proposal 2: RAN2 to discuss if new UE capabilities for granular response time values are required after finalizing the new values and step sizes of responseTime IE. 
Preconfigured Assistance Data
Validity Conditions
Based on the previous meeting agreement and during the [Post115-e][605] email discussion, the following validity options were discussed in relation pre-configured AD:
· 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

On option A, the validity condition based on a validity area (e.g., list of cells) is to some extent supported by the system information area, which currently indicates the applicability of SI messages.  This concept can be extended to the pre-configured AD solution. As certain companies have already mentioned, this can be especially useful for performing positioning in environments with limited geographic areas or experience different conditions when transitioning from one area to another, e.g., from an indoor IIoT to outdoor environment. In addition, this could also be especially useful for the broadcast AD solution as well.
Proposal 3: RAN2 to support validity Option A based on a validity area. FFS signalling details.
Option B comprises of two separate sub-conditions. The first aspect regarding the validity timer requires further consideration since an explicit or implicit validity timer may depend on a variety of different factors (e.g., coverage area, types of measurements, etc.). The second aspect of Option B regarding a numerical limit on the number of times the AD can be utilised may lack flexibility from network and UE perspective.
Proposal 4: Option B on timer-based validity requires further discussion, if time permits.
The explicit modification and release of the pre-configured AD requires further motivation in terms of the being a validity condition. The potential specification impacts of storing the context of the pre-configured AD and transferring of CN information during UE mobility can result in some overhead. This is excluding the additional signalling overhead, which may be introduced due to the extra modification/release signalling. The explicit signalling can be directly used to release non-valid AD but may come with extra signalling cost in the case of multiple sets of AD.
Proposal 5: Further discussion in relation to the extra signalling cost of Option C: modification/release signalling of pre-configured AD are needed.
Signalling enhancements
Additionally, the following enhancements were discussed during the [Post115-e][605] email discussion: 
1. The introduction of an Add/mod/release mechanism for PRS configurations and a complete definition of priority of PRS configuration for measurement
2. Dynamic triggering of a preconfigured PRS at UE by LMF or gNB for making measurements on DL-PRS
3. Dynamic triggering of a preconfigured SRS at UE by gNB for transmitting SRS based on measurement report provided by UE
4. Priority indications for multiple (pre-)configured assistance data sets corresponding to multiple position fixes

Option 1 of introducing addition/modification/release signalling for DL-PRS configurations together with a complete definition of priority configuration for measurement and Option 4 regarding priority indications are not mutually exclusive. The priority indication can be discussed further under the complete definition of a priority of a PRS configuration for measurement. This can include, but not limited to the differentiation between broadcast AD and AD via dedicated signalling, priority amongst multiple sets of (pre-) configured assistance data.    
Proposal 6: Support Option 1, and the priority indication for multiple (pre-) configured assistance data sets (Option 4) can be discussed under the context of the complete definition of priority of PRS configuration for measurement. 
Low latency positioning measurement and reporting
Prioritization of Measurement/Reporting 
During the RAN2#115-e meeting [6], the following was noted in the RAN2#115-e AI 8.11.2 summary document:
	Summary:
[13] proposes to support priority rules for determining prioritization of DL PRS measurement and reporting of measurements/location estimates. Accordingly, LMF can determine the priority rules and inform the UE or gNB via LPP/NRPPa message. [23] mentioned that for the DL signals/channels carrying LPP signaling, DCI can be reused to configure the priority to UE and the priority is informed to the gNB via NRPPa message from the LMF. According to [6], both of the allowedPHY-PriorityIndex and allowedCG-List, introduced in the R16 URLLC WI, can be reused to reduce the latency regarding the location measurement report to be carried on the dynamic grant and configured grant and no additional RAN1 impact is foreseen regarding transmission of the measurement report. [15] proposes to support of priority rules associated to measurements and reporting as well as enhancements to drop low priority measurement in order to increasing reporting signal efficiency and meet latency budget. It is proposed in [1] to support associating a subset of DL PRS with an early location report such that UE can perform measurements before the responsTimeEarlyFix to avoid incurring large latency.
Based on the company contributions, the following enhancements regarding the prioritization of PRS measurements/reporting are identified:
· Option A: Support of prioritization handling of DL PRS measurement
· Option B: Support of prioritization handling of reporting of measurements/location estimates
· Option C: Support of prioritization handling of DL signals/channels carrying LPP signaling
· Option D: Support of prioritization handling of DL PRS measurement associated with early location report
From the rapporteur’s perspective, the prioritization of the positioning measurement/reporting and priority rules for the reception of DL PRS in general is in RAN1 scope and it is not clear what, if any, impact is foreseen from RAN2 perspective. It should also be noted that this aspect was discussed and excluded from RAN2 scope in RAN plenary during WID discussion [RP-210817, RP-210819]. Therefore, it is suggested that discussions on this topic are down-prioritized in RAN2, at least until higher priority issues are resolved.
Proposal 8 (Low priority): RAN2 is proposed to discuss if enhancements regarding the prioritization of PRS measurements/reporting should be supported in this release, considering at least the following proposed enhancements:
· Option A: Support of prioritization handling of DL PRS measurement
· Option B: Support of prioritization handling of reporting of measurements/location estimates
· Option C: Support of prioritization handling of DL signals/channels carrying LPP signaling
· Option D: Support of prioritization handling of DL PRS measurement associated with early location report



We support at least Options A, B and D as noted above to provide the flexibility of reducing the latency of various phases of the measurement and reporting procedure. The key motivation for the prioritization of the positioning measurements and reports is to reduce the delay of obtaining the first positioning fix (TTFF) as much as possible with respect to subsequent positioning fixes. This method has to be coordinated with the gNB for the following reasons:
· In order to provide the desired UL (PUSCH) resources for the optimized UE transmission of the positioning report at the correct time instant corresponding to the prioritized measurement report. 
· In the case of RRC_INACTIVE positioning, the UE can be configured to transmit the prioritized measurement report in either: (i) RRC_INACTIVE state based on the priority of the measurements or transition to RRC_CONNECTED state which would again depend on the priority of the measurements (subject to the SDT transmission rules).
Option C regarding the prioritization of PRS vs other DL signals/channels is currently being discussed in RAN1 in relation to the handling of a PRS processing window and therefore RAN2 can await any feedback pending further progress.
Therefore, Options A-D in the above are considered feasible, while Option C can await further RAN1 progress.
The current issue with the response time is that it is a best effort indication by the LMF but does not enable low latency measurements and lacks the needed flexibility to decouple low and high latency 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 (and positioning techniques), which will indicate if separate low latency positioning reports can be transmitted to the LMF with an optional response time much lower than the existing configuration.
Observation 1: The current response time configured by the LMF is best effort and lacks flexibility to enable multiple low latency measurements and associated positioning techniques. 
Figure 1 shows an illustrative use case of how the priority indications can benefit low latency measurement and reporting and increase flexibility for multiple response times based on the availability of the different prioritized measurements. For an example, P1 denotes the highest priority measurements (low in latency and low in accuracy due to E-CID), P2 will incur more latency due to DL-AOD and DL-TDOA measurements (requires a measurement gap) while P3 denotes the lowest priority measurement/report based on a RAT-independent measurement. The response time associated with each priority can also be configured according to the latency and accuracy requirements. Additionally, measurements applicable to more than one type of positioning method can share a priority indication for measurement and reporting. 

[image: ]
[bookmark: _Ref71540810]Figure 1: Illustrative example of proposed prioritized measurement and reporting signalling scheme
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, which can reduce the TTFF. In order to enable this, a subset of the assistance data will have to be also prioritized in order to perform quicker measurements, without having to measure all the assistance data.
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 optionally configured with an expected response time.
Proposal 7: RAN2 to support the configuration of priority rules associated to the configured measurements, positioning techniques, and associated reports. FFS on how to indicate the measurement priority and optionally associated response times.
Dropping of Measurements not meeting response time
There are instances where incomplete/partial measurements may arise based on the measurements not meeting the required response time resulting in an incomplete/partial measurement report. In order to increase the reporting signal efficiency by a UE in order to meet the response time or latency budget, the UE may be configured to drop measurements based on certain criteria including:
· If measurements are lower in priority with respect to other high priority measurements.
· If a measurement report size based on a positioning technique exceeds the available UL transmissions resource capacity.
· If measurements are incomplete or corrupted, e.g., due to failure events and thus the report is not deemed beneficial for processing by the location server (LMF).

Proposal 8: RAN2 to support the dropping of low priority measurements that do not meet the required response time. The UE may explicitly indicate the dropped measurements or the LMF may implicitly infer the dropped measurements based on the provided measurement configuration.
CG transmissions for Location measurement Reports
During the RAN2#115-e meeting [6], the following was noted in the RAN2#115-e AI 8.11.2 summary document in relation to configured UL grants for location reports, the following was noted:
	From rapporteur perspective, it should be noted that the CG based solution was discussed in the SI phase and subsequently, it was discussed and excluded from RAN2 scope in RAN plenary during WID discussion [RP-210817, RP-210819]. Therefore, it is not clear if RAN2 should spend more time discussing CG based enhancements related to measurement reporting for latency reduction. Therefore, it is suggested that discussions on this topic are down-prioritized in RAN2, at least until other higher priority aspects are resolved.
[bookmark: _Hlk79445039]Proposal 10 (Low priority):	With regard to configured UL grant for location reporting, RAN2 can discuss the following aspects for CG-based solution in RRC_CONNECTED mode:
· How the CG parameters are configured:
· Based on the PRS measurement period and starting position in time of the other TRPs
· Definition of additional finer time granularities for both reportingAmount and reportingInterval IEs within the periodicalReporting configuration in LPP message
· How the CG information is indicated to the gNB:
· CG configuration information via LMF
· CG configuration information via UE



The CG-based transmission for positioning measurement reporting is motivated based on the idea to aggressively schedule the positioning measurement reports on the UL. This would require alignment between the LMF periodicities and gNB CG measurement reporting periodicities, which can be exchanged over the NRPPa interface.
A key motivation for this feature is to increase 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 [6], which is comparatively much more in duration when considering the ms periodical granularities offered by Type 1 and 2 UL CGs. The gNB and LMF would need to align on these periodicities for reporting. Furthermore, the benefits are more apparent for the LPP ProvideLocationInformation message but could also be equally applicable for the transmission of other LPP messages.
Observation 2: Although CG-based solution is intended for ProvideLocationInformation messages, it can be equally applicable to other UL LPP messages. 
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. Similarly, 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 of periodicity alignment between LMF and gNB.
Observation 3: The impact of CG-based measurement reporting will also be tackled during the RRC_INACTIVE positioning discussion.
Therefore, based on the discussion thus far, we prefer to address 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. 
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 [4]. 
Proposal 9: Support assistance information between gNB and LMF for enabling lower latency measurement reports enabled using the CG-based solution for low latency positioning measurement reporting. FFS RAN3 for further impacts.
Proposal 10: Introduce additional finer time granular values for the reportingAmount and reportingInterval IEs corresponding to a periodical reporting configuration. FFS the values to be supported to align with the CG-based solution.
Conclusions
This contribution has noted the following observations in the context of latency reduction for Rel-17 positioning:
Observation 1: The current response time configured by the LMF is best effort and lacks flexibility to enable multiple low latency measurements and associated positioning techniques.
Observation 2: Although CG-based solution is intended for ProvideLocationInformation messages, it can be equally applicable to other UL LPP messages.
Observation 3: The impact of CG-based measurement reporting will also be tackled during the RRC_INACTIVE positioning discussion.
As a result, the following proposals are summarized as follows:
Proposal 1: Introduce additional finer time granular values and step sizes for the responseTime IE, e.g., in range of ten-millisecond.
Proposal 2: RAN2 to discuss the UE capabilities for granular response time values after finalizing the responseTime IE values and step sizes.
Proposal 3: RAN2 to support validity Option A based on a validity area. FFS signalling details.
Proposal 4: Option B on timer-based validity requires further discussion, if time permits.
Proposal 5: Further discussion in relation to the extra signalling cost of Option C: modification/release signalling of pre-configured AD are needed.
Proposal 6: Support Option 1, where the priority indication for multiple (pre-) configured assistance data sets (Option 4) can be discussed under the context of the complete definition of priority of PRS configuration for measurement.
Proposal 7: RAN2 to support the configuration of priority rules associated to the configured measurements, positioning techniques, and associated reports. FFS on how to indicate the measurement priority and optionally associated response times.
Proposal 8: RAN2 to support the dropping of low priority measurements that do not meet the required response time. The UE may explicitly indicate the dropped measurements or the LMF may implicitly infer the dropped measurements based on the provided measurement configuration.
Proposal 9: Support assistance information between gNB and LMF for enabling lower latency measurement reports enabled using the CG-based solution for low latency positioning measurement reporting. RAN3 to study further NRPPa signalling impacts.
Proposal 10: Introduce additional finer time granular values for the reportingAmount and reportingInterval IEs corresponding to a periodical reporting configuration. FFS the values to be supported to align with the CG-based solution.
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