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1. Introduction
The WI on NR positioning enhancement has been approved in RAN#91e(RP-210903) [1], and the objectives about latency reduction have been agreed in WID:
-----------------objectives in RP-210903-----------------
· 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]
-----------------objectives in RP-210903-----------------
The intention of this contribution is to share some views on the latency reduction.
2. Measure and report location information based on a subset of DL PRS 
2.1 Backgrounds
2.1.1 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, 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. In other words, the current defined measurement period is calculated based on the assumption that the UE should perform measurements for all configured DL PRS in the LPP message. In order to let UE have enough time for DL PRS measuring, the configured response time is at least as 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 PRS, which leads to large latency for a location information report.
Observation 1: The current defined measurement period that is used for PRS measurement is calculated based on all configured DL PRS in ProvideAssistanceData message, which leads to large latency for a location information report.
2.1.2 Early location information report
The ASN.1 structure and the field description of responseTime in CommonIEsRequestLocationInformation defined in TS 37355 [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 X. Relationship of 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 be transmitted to LMF until the final location information report in response time T. In the duration between T0 and T, LMF can not receive the extra early measurement information before the response time. And the positioning latency may also rise due to the delayed reporting.
Observation 3: UE can not transmit all measured location information to the LMF via early location information report, so the location information acquired between early location information report and final location information report has to be uploaded at the end of response time which may cause extra-latency.
2.2 Enhancements
To avoid the described scenario and lower the positioning latency, following enhancements can be considered by RAN2:
2.2.1 Subset of the reference signal.
For one specific positioning service, a subset of the configured DL PRS which can be used for quickly estimate UE location can be selected by LMF and configured to UE via LPP ProvideAssistanceData message. Hence, UE can prioritize the measurement of the subset of DL PRS and generate corresponding location information report which contains the measured information about the subset. Based on this improvement, LMF can get the UE estimate location based on the received report. 
In addition, LMF can also associate early location information report to the subset of PRS for a specific positioning service. Thus, UE can measure the optimized DL PRS subset first and spend less time on generating the early location information report than before. By this means, LMF is clearer about the required time for UE to respond an early location report, which helps LMF to configure the value of responseTimeEarlyFix. And LMF can also get the UE measurement data which is associated to the configured subset of PRS in received early location information report.
Proposal 1: It is proposed that LMF is able to configure a subset of reference signals from DL PRS in LPP ProvideAssistanceData message for UE to measure and report a location information report. 
Proposal 2: It is proposed that the subset of DL PRS can be associated to an early location information report.
2.2.2 Shorter responseTimeEarlyFix 
Because LMF can not estimate what UE has measured for an early location information report, the approximate value of reposnseTimeEarlyFix should be much larger than the time UE spends on the early location information report so that UE may upload the early location information report in time. With the assistance of the subset of the reference signal, both UE and LMF handle what reference signals 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. In addition, with a smaller value of the responseTimeEarlyFix, UE can upload the early location information report earlier than the time consumed in current mechanism. Furthermore, with the earlier measurement data receiving at LMF side, LMF can get the UE’s estimate location faster than the current mechanism. However, the smallest granularity of the responseTimeEarlyFix in Rel-16 specification is 1 second, which is not small enough for the Rel-17 latency requirement. Considering checking this part is out of RAN2 scope, RAN2 should send an LS to RAN4 and trigger the related discussion.
Observation 3: By configure a proper value of responseTimeEarlyFix according to the subset of reference signals from DL PRS in LPP ProvideAssistanceData message for a specific positioning service, LMF can receive the early location information report earlier than before.
Proposal 3: RAN2 shall send an LS to RAN4 to trigger the discussion about whether new granularity of the responseTimeEarlyFix is needed in Rel-17
2.2.3 Multiple early location information reports
As we explained above, UE can only upload one early location information report before the expire of responseTimeEarlyFix. 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.It is meaningful to allow UE to transmit multiple early location information reports before the response time. Thus, LMF can receive extra location information and get the location estimate as soon as possible.
Proposal 4: It is proposed that UE may be allowed to report more than one early location information reports before the response time.
3. Conclusion and proposals
[bookmark: _Toc18403976][bookmark: _Toc18413612][bookmark: _Toc18404543]Observation 1: The current defined measurement period that is used for PRS measurement is calculated based on all configured DL PRS 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: UE can not transmit all measured location information to the LMF via early location information report, so the location information acquired between early location information report and final location information report has to be uploaded at the end of response time which may cause extra-latency.
Observation 3: By configure a proper value of responseTimeEarlyFix according to the subset of reference signals from DL PRS in LPP ProvideAssistanceData message for a specific positioning service, LMF can receive the early location information report earlier than before.
Proposal 1: It is proposed that LMF is able to configure a subset of reference signals from DL PRS in LPP ProvideAssistanceData message for UE to measure and report a location information report. 
Proposal 2: It is proposed that the subset of DL PRS can be associated to an early location information report.
Proposal 3: RAN2 shall send an LS to RAN4 to trigger the discussion about whether new granularity of the responseTimeEarlyFix is needed in Rel-17
Proposal 4: It is proposed that UE may be allowed to report more than one early location information reports before the response time.
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