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1. Introduction
The agreements related to latency reduction achieved in RAN2#115e meeting [1] are as follows:
	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


The intention of this contribution is to share some views on the positioning latency reduction.
2. Discussion
In general from RAN2’s perspective, there are two types of solutions for latency reduction:
1. Pre-configured assistance data shared among multiple LPP sessions
2. Prioritization of some PRS measurements
The pre-configured assistance data shared among several LPP sessions enables less time consumption by reducing assistance data transfer procedure; On the other hand, the prioritization of PRS measurement enables less time consumption within single LPP session by prioritizing some of the PRSs, in order to acquire quicker measurement result. In our view, both of the two types are beneficial for latency reduction. We provide detailed enhancement of these two types in the following sections.  
2.1.  Pre-configured assistance data shared among multiple LPP sessions
The first thing is to clarify the definition of pre-configured assistance data. There are two cases:
1. When UE is not in any ongoing LPP session, UE may receive assistance data via broadcast. The broadcast assistance data can be assumed as pre-configured assistance data, and then used in the following several LPP sessions. 
[image: case1]
Figure 1. Pre-configured assistance data out of any LPP session
2. When UE is in a single LPP session, one assistance data delivery via LPP protocol can be assumed as pre-configured assistance data, and then used in the following several LPP sessions.
[image: case2]
[bookmark: _GoBack]Figure 2. Pre-configured assistance data in a LPP session
The common point of these two cases is that, the pre-configured assistance data needs an identifier to distinguish with other regular assistance data transfer. When UE receives the pre-configured assistance data with an identifier, UE stores them. In the next several LPP sessions, UE no longer needs to request assistance data and waits for LMF’s response. The stored pre-configured assistance data can be automatically used for positioning measurement. 
Moreover, it is beneficial to let LMF initiate the activation and deactivation command of pre-configured assistance data. Compared with setting valid conditions, LMF initiation allows more scheduling flexibility. For example, LMF can send multiple sets of pre-configured assistance data to UE. Then, activation command carried in RequestLocationInformation can be configured to trigger a specific set of pre-configured assistance data. When the pre-configured assistance data is not valid because of UE mobility, LMF may send the terminate command to UE via RequestLocationInformation message. 
Proposal 1: Support pre-configured assistance data to be assistance data out of any LPP session, or in a specific LPP session.
Proposal 2: Support LMF initiated activation and deactivation command of the pre-configured assistance data. 

2.2.  Prioritization of PRS measurements
2.2.1 Measurement period requirement
As specified in TS 38.133 [2], when physical layer receives last of ProvideAssistanceData message and RequestLocationInformation message from LMF via LPP message, the UE shall be able to measure multiple (up to the UE capability) location measurements (e.g. DL RSTD, DL PRS-RSRP or UE Rx-Tx time difference) within a measurement period. And the current defined measurement period is calculated based on the assumption that the UE should perform measurements for all configured DL PRSs in the ProvideAssistanceData message. In order to let UE have enough time for DL PRS measuring, the configured response time is at least the same as the time UE spend on measuring all configured DL PRS according to the measurement period. Hence, the configured response time is always larger than the time UE needs to measure all DL PRSs, which leads to large latency for a location information report.
Observation 1: The current defined measurement period that is used for DL PRS measurement is calculated based on all configured DL PRSs in ProvideAssistanceData message, which leads to large latency for a location information report.
2.2.2 Early location information report
The ASN.1 structure and the field description of responseTime in CommonIEsRequestLocationInformation defined in TS 37.355 [3] is shown below:
ASN.1 structure of the ResponseTime:
[image: ]
Field description of ResponseTime:
	ResponseTime
- time indicates the maximum response time as measured between receipt of the RequestLocationInformation and transmission of a ProvideLocationInformation. If the unit field is absent, this is given as an integer number of seconds between 1 and 128. If the unit field is present, the maximum response time is given in units of 10-seconds, between 10 and 1280 seconds. If the periodicalReporting IE is included in CommonIEsRequestLocationInformation, this field should not be included by the location server and shall be ignored by the target device (if included).
- responseTimeEarlyFix indicates the maximum response time as measured between receipt of the RequestLocationInformation and transmission of a ProvideLocationInformation containing early location measurements or an early location estimate. If the unit field is absent, this is given as an integer number of seconds between 1 and 128. If the unit field is present, the maximum response time is given in units of 10-seconds, between 10 and 1280 seconds. When this IE is included, a target should send a ProvideLocationInformation (or more than one ProvideLocationInformation if location information will not fit into a single message) containing early location information according to the responseTimeEarlyFix IE and a subsequent ProvideLocationInformation (or more than one ProvideLocationInformation if location information will not fit into a single message) containing final location information according to the time IE. A target shall omit sending a ProvideLocationInformation if the early location information is not available at the expiration of the time value in the responseTimeEarlyFix IE. A server should set the responseTimeEarlyFix IE to a value less than that for the time IE. A target shall ignore the responseTimeEarlyFix IE if its value is not less than that for the time IE.
- unit indicates the unit of the time and responseTimeEarlyFix fields. Enumerated value 'ten-seconds' corresponds to a resolution of 10 seconds. If this field is absent, the unit/resolution is 1 second.


It is clear that if the responseTimeEarlyFix is included in the LPP RequestLocationInformation message, UE can send one early location information report with one or multiple LPP ProvideLocationInformation messages before the responseTimeEarlyFix expires, and one subsequent final location information according to the response time. 
Observation 2: UE can report one early location information report before the configured responseTimeEarlyFix.
The valid relationship between response time (T) and responseTimeEarlyFix (T0) is shown below:


Figure 3. Relationship between response time (T) and responseTimeEarlyFix (T0)
Based on the Rel-16 specification, one early location information report may not be able to contain all UE measured location information. Thus, the remaining location information which is measured before and after T0 have to be buffered and transmitted to LMF until the final location information report in response time T. In the duration between T0 and T, LMF cannot receive the extra early measurement information, and the positioning latency may also rise due to the delayed reporting.
Observation 3: If UE cannot transmit all measured location information to the LMF via early location information report, the location information acquired between early location information report and final location information report can only be uploaded at the end of response time, which may cause extra-latency.
To avoid the described issues and lower the positioning latency, following enhancements can be considered by RAN2:
2.2.3 Support a more flexible configuration and reporting structure
For a specific location information report, LMF should be able to select a subset of DL PRS from DL PRS in ProvideAssistanceData message for UE to measure and report the location information report. The rationale behind this enhancement is that LMF may have prior information of UE location or channel conditions. Hence, in order to get quick location information report, UE is not necessary to measure all DL PRS configured in ProvideAssistanceData message. By this way, the selected DL PRS may determine a short measurement period. So UE is capable of reporting the location information report in a short amount time considering the corresponding measurement period and without requiring UE to measure all DL PRS configured in ProvideAssistanceData message. As an instance, in Rel-17, LMF should be allowed to select a subset of DL PRS from pre-configured DL PRS in RequestLocationInformation message. Then UE shall report a location information report in ProvideLocationInformation according to the subset of DL PRS. 
As we know, for a RRM report, a measurement ID (identified by a MeasId) is indicated in the measurement report, where measurement ID includes the linking of a measurement object (identified by a MeasObjectId) and a reporting configuration (identified by a ReportConfigId). This kind of reporting structure shows flexibility to configured required RS and required contents by network. Furthermore, RAN4 has defined measurement period for each of the measurement object. Therefore, a RRM report concerning on a measurement object only needs to consider the processing time of RS that includes in the measurement object. We suppose to reuse such mechanism on positioning measurement, which not only lead to the configuration flexibility but also the latency budget.
In addition, pre-configured assistance data has been discussed comprehensively in last meeting, and the consensus has been achieved that pre-configured assistance data shall be applied in latency reduction. In our understanding, pre-configured assistance data is also provided by ProvideAssistanceData message. UE is not expected to measure the DL PRS included in the pre-configured assistance data until being requested by LMF (e.g. in RequestLocationInformation message) to provide a location information report. By this way, the latency component to provide assistance data can be removed from overall positioning latency. There could some cases that LMF configures a bunch of pre-configured DL PRS to UE. However, according to the target latency and accuracy, UE doesn’t need to measure all the pre-configured DL PRS, so LMF can require UE to measure a subset of pre-configured assistance data.
To sum up, we should support a more flexible configuration and reporting structure so that UE can conduct DL PRS measurement based on a subset of regular assistance data or pre-configured assistance data provided by ProvideAssistanceData message.
Proposal 3: Support UE to conduct DL PRS measurement based on a subset of regular assistance data or a subset of pre-configured assistance data provided by ProvideAssistanceData message. 

2.2.4 The response time for an early loction information report 
For latency reduction, one critical issue is to indicate appropriate value of reposnseTimeEarlyFix. The smaller the value is, the lower latency of acquiring early location information by LMF will be achieved. However, in current spec, LMF cannot be aware of what PRSs UE has been measured for an early location information report, which may lead to the inappropriate value of reposnseTimeEarlyFix. To solve the problem, an explicit association between PRSs and early location report will be needed. In such case, both UE and LMF have the information on what PRSs UE should measure during this positioning service. Hence, the responseTimeEarlyFix for this positioning service may not be as large as the one configured in Rel-16 mechanism. To be specific, LMF can associate early location information report to the aforementioned subset of PRS for a specific positioning service. By this means, UE can measure the optimized DL PRS subset first and spend less time on generating the early location information report than before. Meanwhile, LMF will know about the required time for UE to respond an early location report more clearly, which helps LMF to determine and configure the value of responseTimeEarlyFix as small as possible. 
Observation 4: By configuring an appropriate value of responseTimeEarlyFix for a specific positioning service, LMF can receive the early location information report earlier than before.
Proposal 4: Support of associating a subset of DL PRS with an early location information report.

2.2.5 Multiple early location information reports
As we explained above, UE can only upload one early location information report before the expired time of responseTimeEarlyFix based on the current specification. The remaining data will be temporarily stored and reported in a subsequent LPP ProvideLocationInformation containing final location information according to the time IE. Due to the lack of some essential information which is buffered at UE side, LMF may not determine UE’s location accurately by the data in the received early measurement information report. Thus, it is meaningful to allow UE to transmit multiple early location information reports before the final response time. Thus, LMF can receive timely location information and get the location estimate as soon as possible.
Proposal 5: Support UE to report more than one early location information reports before the final response time.

3. Conclusion
[bookmark: _Toc18404543][bookmark: _Toc18413612][bookmark: _Toc18403976]Observation 1: The current defined measurement period that is used for DL PRS measurement is calculated based on all configured DL PRSs in ProvideAssistanceData message, which leads to large latency for a location information report.
Observation 2: UE can report one early location information report before the configured responseTimeEarlyFix .
Observation 3: If UE cannot transmit all measured location information to the LMF via early location information report, the location information acquired between early location information report and final location information report can only be uploaded at the end of response time, which may cause extra-latency.
Observation 4: By configuring an appropriate value of responseTimeEarlyFix for a specific positioning service, LMF can receive the early location information report earlier than before.
Proposal 1: Support pre-configured assistance data to be assistance data out of any LPP session, or in a specific LPP session.
Proposal 2: Support LMF initiated activation and deactivation command of the pre-configured assistance data. 
Proposal 3: Support UE to conduct DL PRS measurement based on a subset of regular assistance data or a subset of pre-configured assistance data provided by ProvideAssistanceData message. 
Proposal 4: Support of associating a subset of DL PRS with an early location information report.
Proposal 5: Support UE to report more than one early location information reports before the final response time.
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