3GPP TSG-RAN WG2 Meeting #123bis	R2-2311376
Xiamen, China, Oct 9th – 13th 2023

Agenda item:	7.2.1
Source:	CATT
Title:                     Report of [AT123bis][402][POS] PRUs (CATT)
WID/SID:	NR_pos_enh2-Core
Document for:	Discussion and Agreement
1	Introduction
This document is to kick off the following email discussion:
[AT123bis][402][POS] PRUs (CATT)
	Scope: Email to discuss the incoming LS in R2-2309427 and draft reply in R2-2309598, along with the contributions in R2-2310854 and R2-2310920 and P1 of R2-2309608, reply and evaluate the RAN2 impact for PRU support.
	Intended outcome: Reply LS in R2-2311375 and report to Thursday CB session in R2-2311376
	Deadline: Wednesday 2023-10-11 1900 CST

This email discussion will discuss the PRUs for positioning enhancement based on the LS from RAN1 and related contributions in R2-2309598, R2-2310854 and R2-2310920 and P1 of R2-2309608, and to achieve an reply LS to RAN1 and identify the impacts on protocols in RAN2.
2	Contact Information
Respondents to the email discussion are kindly asked to fill in the following table. 
	Company
	Contact: Name (E-mail)

	Huawei, HiSilicon
	Yinghao Guo

	ZTE
	Yu Pan

	OPPO
	YANG LIU

	Lenovo
	Jie Hu

	Samsung
	Taeseop Lee

	
	

	
	

	
	

	
	

	
	

	
	



3	Discussion
3.1	Reply LS to RAN1  
RAN1 sent their agreements on CPP in R1-2308644 “Reply LS on PRU Procedures” [1]. 
However there are missed information in RAN1 LS, but they are needed for RAN2 to finalize the LPP protocol.
· Question1: Can the associated DL PRS resource ID(s) and resource Set ID(s) of RSCPD be different from the associated DL PRS resource ID(s) of RSTD when UE report these measurements? The same question applies to RSCP and UE Rx-Tx time difference.
When a UE reports the RSCP/RSCPD together with the legacy measurement, the associated DL PRS resource IDs are expected to be reported. But, there are no clear parameters of RSCP/RSCPD in RRC parameters. Considering RSCPD can only be measured on one PFL while RSTD can be measured across multiple PFLs, it seems that the associated PRS resources of RSCPD can be different from those of the main RSTD measurement (not the additional measurement of RSTD).
· Question2: If answer of Q1 is yes, does UE provide additional LOS/NLOS indication, which are associated with the RSCPD but not with the RSTD?
Because LOS/NLOS indication applies for carrier phase measurement(s), if the associated resource of RSCPD and RSTD can be different, then there will be different LOS/NLOS indications associated with different resources.
Agreement
Rel-17 LOS/NLOS indication (when indicated) applies for the carrier phase measurement(s) in the same report.
· Question3: For DL-TDOA, UE may provide up to 3 additional RSTD measurements per pair of TRPs. For CPP, is there any additional RSCP measurement per TRP or additional RSCPD measurement per pair of TRPs?
For DL-TDOA, UE may provide up to 3 additional RSTD measurements per pair of TRPs. For CPP there is no such parameter in RRC parameter list from RAN1 on additional measurement of RSCP/RSCPD. In our view, RAN2 should ask RAN1 whether there are additional measurements of RSCP and RSCPD in the measurement report.
So we propose to send a reply LS to RAN1 for the measurement report aspect, asking these questions.
Proposal 1: RAN2 agree to send a reply LS to RAN1 for the questions about measurement report of RSCP/RSCPD:
· Question 1: Can the associated resource ID and resource Set ID in the report of RSCPD be different from the associated resource ID and resource Set ID in RSTD when UE report these measurements? The same question applies to RSCP and UE Rx-Tx time difference report. 
· Question 2: If answer of Q1 is yes, is the LOS/NLOS indication associated with the resource of RSCPD also required?
· Question3: For DL-TDOA, UE may provide up to 3 additional RSTD measurements per pair of TRPs. For CPP, is there any additional RSCP measurement per TRP or additional RSCPD measurement per pair of TRPs?
After online discussion on Tuesday, companies have a question on the indicated time window(s) mentioned in this LS. 
[bookmark: OLE_LINK1]To enable LMF to request the UEs, including target UE and PRU(s), to perform measurements on indicated DL PRS resource set(s) occurring within indicated time window(s), each time window is defined with the following parameters:
· The start of the time window, which is indicated by a combination of subframe number, slot offset and symbol index
· The duration of the time window, which is given by a number of consecutive slots/symbols
· FFS: the number of consecutive slots/symbols
(Optional) The periodicity of the time window, which is defined similar to IE NR-DL-PRS-Periodicity-and-ResourceSetSlotOffset in TS 37.355.FFS: the maximum number of the windows
Companies are confused by the meaning of number of the windows. 
According to the LS, it seems that the number of indicated time windows are the same as the indicated DL PRS resource set(s). Does this mean that each indicated DL-PRS resourceSet is associated with one indicated time window and each window has several occasions? Wha’s the number of the occasions of each time window? So we propose to ask RAN1 with Question4: On the indicated DL PRS resource set(s) occurring within indicated time window(s), what’s the number of the occasions of each time window?
Question 1: Do companies agree to send these questions to RAN1 for clarification? Please specify the reasons or comments if any.
· Question 1: Can the associated resource ID and resource Set ID in the report of RSCPD be different from the associated resource ID and resource Set ID in RSTD when UE report these measurements? The same question applies to RSCP and UE Rx-Tx time difference report. 
· Question 2: If answer of Q1 is yes, is the LOS/NLOS indication associated with the resource of RSCPD also required?
· Question3: For DL-TDOA, UE may provide up to 3 additional RSTD measurements per pair of TRPs. For CPP, is there any additional RSCP measurement per TRP or additional RSCPD measurement per pair of TRPs?
· Question4: On the indicated DL PRS resource set(s) occurring within indicated time window(s), can a DL PRS resource set be configured with multiple time windows?what’s the number of the occasions of one time window?

	Company
	Yes/No
	Comments

	Xiaomi
	See comments 
	For Q4, we understand that a DL PRS resource set could be configured with multiple time window, and each time window may have multiple occasions, so we suggest also ask RAN1 whether a DL PRS resource set could be configured with multiple time window.
And we also note that RAN1 understands the simultaneous measurements/transmissions for multiple UEs, including a target UE and a PRU, is applicable to RAN1’s on-going work related to NR carrier phase positioning, and is also applicable to the remaining uplink and downlink positioning measurements and methods.
However, for the CPP positioning, the time window is for LMF to resolve the integer ambiguity issue, but the time window is not essential for the other legacy positioning measurements for the CPP positioning. In other words, for CPP positioning, if the time window is configured, the UE should get the RSCP/RSCPD in the time window, but the UE could get the RSTD or Rx-Tx time difference out of the time window. We suggest ask RAN1 to clarify whether the UE could get RSTD or Rx-Tx time difference measurement out of the time window for CPP positioning when the time window is configured.


	Qualcomm
	Yes
	There are 3 additional PRU related questions which could be asked (either in this LS or in the "RAN1 parameter" LS (Nokia):
(a) If a time window is provided to the UE/PRU, are all measurements expected to be made in this window, or only the carrier phase measurements?
(b) For the PRU measurements provided to the UE as assistance data, should they include all PRU measurements (e.g., RSTD, quality, LOS/NLOS indication, etc.) or just the PRU carrier phase measurements?
(c) Should the PRU measurements be provided periodically to the UE or is a single instance/snapshot of the PRU measurements enough?

	vivo
	Yes for all
	

	CATT(proponent)
	Yes 
	Question 4 is updated according to xiaomi’s comment which makes sense.
We understand that the legacy measurement is not required to report measurement in the time window. 
We are fine to ask one more question to RAN1 that:
Can the UE measure RSTD or Rx-Tx time difference measurement out of the time window for CPP positioning when the time window is configured?


	Huawei/HiSilicon
	Yes
	

	ZTE
	Yes
	

	OPPO
	Yes
	

	Lenovo
	Yes with comments
	For Q4, share the same view with Xiaomi, whether each indicated DL-PRS resourceSet is associated with one indicated time window or multiple time windows are suggested to be described clearly in the question,

	Samsung
	Yes
	

	LG
	Yes
	

	
	
	

	
	
	

	
	
	



Summary: 
All companies agree to send these questions to RAN1 with additional comments:
· Q4 should be more specific: Is each indicated DL-PRS resourceSet associated with one indicated time window or multiple time windows?
· The additional questions:
· (a) If a time window is provided to the UE/PRU, are all measurements expected to be made in this window, or only the carrier phase measurements?
· (b) For the PRU measurements provided to the UE as assistance data, should they include all PRU measurements (e.g., RSTD, quality, LOS/NLOS indication, etc.) or just the PRU carrier phase measurements?
· (c) Should the PRU measurements be provided periodically to the UE or is a single instance/snapshot of the PRU measurements enough?
The additional questions are included in the "RAN1 parameter" LS (Nokia), so only these four questions are included in this reply LS to RAN1.
Proposal 1: Send an rely LS to RAN1 including below questions:
· Question 1: Can the associated resource ID and resource Set ID in the report of RSCPD be different from the associated resource ID and resource Set ID in RSTD when UE report these measurements? The same question applies to RSCP and UE Rx-Tx time difference report. 
· Question 2: If answer of Q1 is yes, is the LOS/NLOS indication associated with the resource of RSCPD also required?
· Question3: For DL-TDOA, UE may provide up to 3 additional RSTD measurements per pair of TRPs. For CPP, is there any additional RSCP measurement per TRP or additional RSCPD measurement per pair of TRPs?
· Question4: On the indicated DL PRS resource set(s) occurring within indicated time window(s), is each indicated DL-PRS resourceSet associated with one indicated time window or multiple time windows?

3.2	Location measurements and reporting of PRU 
[bookmark: OLE_LINK16][bookmark: OLE_LINK15][bookmark: OLE_LINK10][bookmark: OLE_LINK9]RAN2 discussed an incoming LS from SA2 in R2-2302449 (S2-2303861) ("LS on PRU procedures") at RAN2#121bis and provided the following response to SA2's questions in R2-2304459 ("Response LS on PRU Procedures"):
	SA2 request:
	Additionally, SA2 also would like to know what location information can be provided by PRU, and whether RAN1 and RAN2 see benefit to allow PRU to provide its location information together with the location measurements reports.



RAN2 response:
A PRU should be able to report
(a) the location coordinates and associated location
              quality/uncertainty of the PRU only, 
(b) the location measurements performed by the PRU only, or 
(c) the location coordinates and associated location 
              quality/uncertainty of the PRU together with any
     performed location measurements,
where location measurements above include the currently defined location measurements in LPP and potential new location measurements defined in Rel-18; and location coordinates and location quality/uncertainty provide the location and quality of the reported location, respectively, of the PRU.


RAN1 replied in R2-2302409 (R1-2302146) ("LS Reply on PRU Procedures") to the same question:
	RAN1 reply:
A PRU can report its location and associated uncertainty as is the case for other UEs. It is not necessary to always include the PRU location information with the PRU measurements in the same report. The PRU location information and measurements should be decoupled, where decoupled means that the PRU location information is determined independently of the reported measurements, even if the PRU location information and the PRU measurements would be included in the same report.


The location coordinates and associated location quality/uncertainty of the PRU together with any performed location measurements would be required if the (known) location of the PRU changes during the location measurements/reporting, which may be the case if the PRU is moving.
The stage-2 rapporteur proposed to clarify the measurement report in TS38.305 [1]. It is clarified, that a PRU which is moving or changes its location for other reasons shall always provide the requested location measurements (e.g., RSTD, RSRP, UE Rx-Tx Time Difference measurements, etc.) together with the location coordinates of the PRU for the time when the location measurements were obtained.
 Below please find the proposed TP:
5.4.5	Positioning Reference Unit (PRU)
A Positioning Reference Unit (PRU) at a known location can perform positioning measurements (e.g., RSTD, RSRP, UE Rx-Tx Time Difference measurements, etc.) and report these measurements to a location server. In addition, the PRU can transmit SRS to enable TRPs to measure and report UL positioning measurements (e.g., RTOA, UL-AoA, gNB Rx-Tx Time Difference, etc.) from PRU at a known location. The PRU measurements can be compared by a location server with the measurements expected at the known PRU location to determine correction terms for other nearby target devices. The DL- and/or UL location measurements for other target devices can then be corrected based on the previously determined correction terms.
From a location server perspective, the PRU functionality is realized by a UE with known location.
A PRU may derive its location via various means. A specific method is not specified as this is implementation-defined. A PRU may provide its location to an LMF during the PRU Association Procedure as specified in TS 23.273 [35] and/or via LPP using the procedures specified in clause 8. A PRU which is moving or changes its location for other reasons shall always provide the requested location measurements (e.g., RSTD, RSRP, UE Rx-Tx Time Difference measurements, etc.) together with the location coordinates of the PRU for the time when the location measurements were obtained.

[bookmark: OLE_LINK11][bookmark: OLE_LINK13]Question 2: Do you agree with the TP of PRU for TS 38.305? Please provide your comments if any.
	Company
	Yes/No
	Comments

	Ericsson
	No
	NW should have the option to explicitly request for needed information as per the requirement/agreement:

A PRU should be able to report
(a) the location coordinates and associated location
              quality/uncertainty of the PRU only, 
(b) the location measurements performed by the PRU only, or 
(c) the location coordinates and associated location 
              quality/uncertainty of the PRU together with any
     performed location measurements,

Besides UE providing unsolicited location update along with measurements will cause high signaling load. It is unknown as after how much movement the UE shall report. The NW should be able to request based upon its requirements by understanding the deviation in the obtained measurement. We see more logical to extend the enum to meet the RAN2 agreement rather than having a stage 2 description.

We see the TP by QC with required behaviour from PRU should be in stage 3 rather than stage 2.


	Xiaomi
	Yes with comments 
	To address the concern on the signalling load, we suggest make the following revision.
A PRU may derive its location via various means. A specific method is not specified as this is implementation-defined. A PRU may provide its location to an LMF during the PRU Association Procedure as specified in TS 23.273 [35] and/or via LPP using the procedures specified in clause 8. A PRU which is moving or changes its location for other reasons shall always provide the requested location measurements (e.g., RSTD, RSRP, UE Rx-Tx Time Difference measurements, etc.) together with the location coordinates of the PRU for the time when the location measurements were requested by the LMF.



	Qualcomm
	Yes (proponent)
	

	vivo
	No
	For the UE implementation solution, the UE needs keeping monitoring its moving status or updating its location to support including the location when the location measurements were obtained.
Besides, the LMF may just want to optionally obtain a more accurate PRU location with the existing Uu-based positioning. In this case, the PRU is not expected to provide the location autonomously.
An explicit request type can resolve the above issues.

	CATT
	See comment
	If this sentence means the PRU should provide its location via MO-LR when moving, it should be clarified in SA2 protocol at first. 
But if below sentence means that PRU will provide what is requested by network e.g. the location measurements together with the location coordinates of the PRU for the time. We are fine with the TP.
A PRU which is moving or changes its location for other reasons shall always provide the requested location measurements

	Huawei/HiSilicon
	No
	Agree with Ericsson that stage 3 TP is better so that the LMF can request the UE to report both location coordinates together with location measurements. 

	ZTE
	No
	

	OPPO
	No
	Agree with vivo that the UE should not be required to keep monitoring the moving status or updating its location autonomously.

	Lenovo
	See comments
	For the content of current TP: RAN1 has responded that “It is not necessary to always include the PRU location information with the PRU measurements in the same report. The PRU location information and measurements should be decoupled…”. To align with RAN1, we suggest to update the last sentence with “A PRU which is moving or changes its location for other reasons shall always provide the requested location measurements (e.g., RSTD, RSRP, UE Rx-Tx Time Difference measurements, etc.) together with the location coordinates of the PRU for the time when the location measurements were obtained.
Beside the UE implementation option, we also share the view that an explicit request from server is needed for PRU location information reporting.

	Samsung
	No
	Considering that the accuracy of PRU’s location can impact to other UE’s positioning accuracy, we do not support the UE implementation solution. It should be under NW control.

	LG
	No 
	

	
	
	

	
	
	

	
	
	



Summary: 
8/11 companies prefer that an explicit request from server is needed for PRU location information reporting and 2/11 companies support TP if it is clarified as requested by network. 
Totally 7/11 companies don’t support this TP.
Proposal 2: TP of PRU for TS 38.305 won’t be captured.

3.3	Required Location measurements and reporting
The only needed extension in LPP is to enable the possibility that the target device will report both a location estimate and location measurements according to the agreement in RAN2.
RAN2 response:
A PRU should be able to report
(a) the location coordinates and associated location quality/uncertainty of the PRU only, 
(b) the location measurements performed by the PRU only, or 
(c) the location coordinates and associated location quality/uncertainty of the PRU together with any
   performed location measurements,
where location measurements above include the currently defined location measurements in LPP and potential new location measurements defined in Rel-18; and location coordinates and location quality/uncertainty provide the location and quality of the reported location, respectively, of the PRU.
Furthermore, PRU is expected for integrity according to companies’ contribution in R2-2310854.
[bookmark: _Toc146827353]Support for the agreed working assumption on LMF determining error source bound distribution parameters implies a need for LMF control of PRU operation including the combination of measurements and location information via a new location information type
[bookmark: _Toc146397340][bookmark: _Toc146827354]There is no requirements to update the location from PRU device as long as it remains in same TA. Thus, providing solicit update can increase signaling load.
Proposal 1 [bookmark: _Toc92492789][bookmark: _Toc134679557]Introduce basic PRU functionality by adding a new location information type that enables LMF to configure a device, subject to capability, to report both a location estimate and positioning measurements.
So the TP is proposed in Appendix A that introduces the new location information type locationEstimateAndMeasurementsRequired with an associated capability.
–	CommonIEsProvideCapabilities
The CommonIEsProvideCapabilities carries common IEs for a Provide Capabilities LPP message Type.
CommonIEsProvideCapabilities ::= SEQUENCE {
	...,
	[[
	segmentationInfo-r14			SegmentationInfo-r14			OPTIONAL,	-- Cond Segmentation
	lpp-message-segmentation-r14	BIT STRING { serverToTarget	(0),
												targetToServer	(1) }	OPTIONAL
	]],
	[[
	locationEstimateAndMeasurementReporting-r18		ENUMERATED { supported }	OPTIONAL
	]]
}

	CommonIEsProvideCapabilities field descriptions

	locationEstimateAndMeasurementReporting
This field, if present, indicates that the target device supports locationEstimateAndMeasurementsRequired in LocationInformationType.




–	CommonIEsRequestLocationInformation
The CommonIEsRequestLocationInformation carries common IEs for a Request Location Information LPP message Type.
-- ASN1START
****skip the unchanged part*****
LocationInformationType ::= ENUMERATED {
	locationEstimateRequired,
	locationMeasurementsRequired,
	locationEstimatePreferred,
	locationMeasurementsPreferred,
	...,
    [[
      locationEstimateAndMeasurementsRequired-r18
    ]]

}


	CommonIEsRequestLocationInformation field descriptions

	locationInformationType
This IE indicates whether the server requires a location estimate or measurements. For 'locationEstimateRequired', the target device shall return a location estimate if possible, or indicate a location error if not possible. For 'locationMeasurementsRequired', the target device shall return measurements if possible, or indicate a location error if not possible. For 'locationEstimatePreferred', the target device shall return a location estimate if possible, but may also or instead return measurements for any requested position methods for which a location estimate is not possible. For 'locationMeasurementsPreferred', the target device shall return location measurements if possible, but may also or instead return a location estimate for any requested position methods for which return of location measurements is not possible. For ' locationEstimateAndMeasurementRequired ', the target device shall return both location estimate and measurements if possible, or indicate a location error if not possible.



Question 3: Do you agree with the TP of locationEstimateAndMeasurementsRequired in TS 37.355? Please provide your comments if any.
	Company
	Yes/No
	Comments

	Ericsson
	Yes
	Since it is logical as per agreement:

A PRU should be able to report
(a) the location coordinates and associated location
              quality/uncertainty of the PRU only, 
(b) the location measurements performed by the PRU only, or 
(c) the location coordinates and associated location 
              quality/uncertainty of the PRU together with any
     performed location measurements,


	Xiaomi
	See comments
	If the solution in section 3.2 is agreed, there is not necessary to introduce an additional method for the same issue.

	Qualcomm
	No
	The TP is misleading and/or wrong. The issue is not locationEstimateAndMeasurementsRequired. What is required are the PRU measurements together with the PRU location coordinates for the time when the location measurements were obtained. There is no need to have a specific request for this, since a registered PRU (which is allowed to move per registration/subscription) would have to support this behaviour anyhow (i.e., include the PRU location coordinates together with the measurements). A specific request is not needed and would imply that in absence of an explicit request, the PRU would be allowed to provide the location measurements without the location coordinates where the measurements are valid, and therefore, would lead to wrong PRU behaviour/operation. The LMF does not know whether the PRU is moving when requesting measurements, and therefore, would always have to include such a request, which results in unnecessary overhead when the PRU is not moving during measurements.

	vivo
	Yes
	A Note for clarification can be added to address concern that the location is based on the measurement:
Note: For PRU, if PRU is requested to return both location estimate and measurements, the location information is determined independently of the reported measurements.

	CATT
	Yes
	

	Huawei/HiSilicon
	Yes
	

	ZTE
	Yes
	It should be declared that the new location type only applies to PRUs
' locationEstimateAndMeasurementRequired ' should only be indicated when the target device is a PRU

	OPPO
	Yes
	We think that the LMF could know whether the UE is possible to be in moving status by comparing the received positioning measurement result with the location result stored. If the difference is large, then the LMF could ask the UE to transmit both of the positioning measurement result and location information to it.

	Lenovo
	Yes
	

	Samsung
	Yes
	

	LG
	Yes
	

	
	
	

	
	
	



Summary: 
9/11 companies support the TP of locationEstimateAndMeasurementsRequired in TS 37.355 with comments:
· It should be declared that the new location type only applies to PRUs.
· A Note for clarification can be added to address concern that the location is based on the measurement:
Note: For PRU, if PRU is requested to return both location estimate and measurements, the location information is determined independently of the reported measurements.
One company disagree with the TP because of the concern:
· A specific request is not needed and would imply that in absence of an explicit request, the PRU would be allowed to provide the location measurements without the location coordinates where the measurements are valid, and therefore, would lead to wrong PRU behaviour/operation.
Proposal 3: Endorsed the TP in R2-2310854 as baseline into LPP running CR and add the clarification: It should be declared that the new location type only applies to PRUs.
Discuss and address the concern:
· A specific request would lead to wrong PRU behaviour/operation. It is not needed and would imply that in absence of an explicit request, the PRU would be allowed to provide the location measurements without the location coordinates where the measurements are valid.
· A Note for clarification can be added to address concern that the location is based on the measurement:
Note: For PRU, if PRU is requested to return both location estimate and measurements, the location information is determined independently of the reported measurements.
4	Conclusion
Based on the discussion we propose the following:
Proposal 1: Send an rely LS to RAN1 including below questions:
· Question 1: Can the associated resource ID and resource Set ID in the report of RSCPD be different from the associated resource ID and resource Set ID in RSTD when UE report these measurements? The same question applies to RSCP and UE Rx-Tx time difference report. 
· Question 2: If answer of Q1 is yes, is the LOS/NLOS indication associated with the resource of RSCPD also required?
· Question3: For DL-TDOA, UE may provide up to 3 additional RSTD measurements per pair of TRPs. For CPP, is there any additional RSCP measurement per TRP or additional RSCPD measurement per pair of TRPs?
· Question4: On the indicated DL PRS resource set(s) occurring within indicated time window(s), is each indicated DL-PRS resourceSet associated with one indicated time window or multiple time windows?

Proposal 2: TP of PRU for TS 38.305 won’t be captured.
Proposal 3: Endorsed the TP in R2-2310854 as baseline into LPP running CR and add the clarification: It should be declared that the new location type only applies to PRUs.
Discuss and address the concern:
· A specific request would lead to wrong PRU behaviour/operation. It is not needed and would imply that in absence of an explicit request, the PRU would be allowed to provide the location measurements without the location coordinates where the measurements are valid.
· A Note for clarification can be added to address concern that the location is based on the measurement:
Note: For PRU, if PRU is requested to return both location estimate and measurements, the location information is determined independently of the reported measurements.
[bookmark: _GoBack]
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[bookmark: _Hlk92465323]Appendix	Text Proposal 37.355
[bookmark: _Toc37680836][bookmark: _Toc46486407][bookmark: _Toc52546752][bookmark: _Toc52547282][bookmark: _Toc52547812][bookmark: _Toc52548342][bookmark: _Toc60870070]6.4.2	Common Positioning
[…]
[bookmark: _Toc37680838][bookmark: _Toc46486409][bookmark: _Toc52546754][bookmark: _Toc52547284][bookmark: _Toc52547814][bookmark: _Toc52548344][bookmark: _Toc60870072]–	CommonIEsProvideCapabilities
The CommonIEsProvideCapabilities carries common IEs for a Provide Capabilities LPP message Type.
-- ASN1START

CommonIEsProvideCapabilities ::= SEQUENCE {
	...,
	[[
	segmentationInfo-r14			SegmentationInfo-r14			OPTIONAL,	-- Cond Segmentation
	lpp-message-segmentation-r14	BIT STRING { serverToTarget	(0),
												targetToServer	(1) }	OPTIONAL
	]],
	[[
	locationEstimateAndMeasurementReporting-r18		ENUMERATED { supported }	OPTIONAL
	]]
}

-- ASN1STOP

	Conditional presence
	Explanation

	Segmentation
	This field is optionally present, need OP, if lpp-message-segmentation-req has been received from the location server with bit 1 (targetToServer) set to value 1. The field shall be omitted if lpp‑message‑segmentation-req has not been received in this location session, or has been received with bit 1 (targetToServer) set to value 0.



	CommonIEsProvideCapabilities field descriptions

	segmentationInfo
This field indicates whether this ProvideCapabilities message is one of many segments, as specified in clause 4.3.5.

	lpp-message-segmentation
This field, if present, indicates the target device's LPP message segmentation capabilities. 
If bit 0 is set to value 1, it indicates that the target device supports receiving segmented LPP messages; if bit 0 is set to value 0 it indicates that the target device does not support receiving segmented LPP messages.
If bit 1 is set to value 1, it indicates that the target device supports sending segmented LPP messages; if bit 1 is set to value 0 it indicates that the target device does not support sending segmented LPP messages.

	locationEstimateAndMeasurementReporting
This field, if present, indicates that the target device supports locationEstimateAndMeasurementsRequired in LocationInformationType.



[…]
[bookmark: _Toc37680841][bookmark: _Toc46486412][bookmark: _Toc52546757][bookmark: _Toc52547287][bookmark: _Toc52547817][bookmark: _Toc52548347][bookmark: _Toc60870075]–	CommonIEsRequestLocationInformation
The CommonIEsRequestLocationInformation carries common IEs for a Request Location Information LPP message Type.
-- ASN1START

CommonIEsRequestLocationInformation ::= SEQUENCE {
	locationInformationType		LocationInformationType,
	triggeredReporting			TriggeredReportingCriteria	OPTIONAL,	-- Cond ECID
	periodicalReporting			PeriodicalReportingCriteria OPTIONAL,	-- Need ON
	additionalInformation		AdditionalInformation		OPTIONAL,	-- Need ON
	qos							QoS							OPTIONAL,	-- Need ON
	environment					Environment					OPTIONAL,	-- Need ON
	locationCoordinateTypes		LocationCoordinateTypes		OPTIONAL,	-- Need ON
	velocityTypes				VelocityTypes				OPTIONAL,	-- Need ON
	...,
	[[
		messageSizeLimitNB-r14	MessageSizeLimitNB-r14		OPTIONAL	-- Need ON
	]],
	[[
		segmentationInfo-r14	SegmentationInfo-r14		OPTIONAL	-- Need ON
	]]
}

LocationInformationType ::= ENUMERATED {
	locationEstimateRequired,
	locationMeasurementsRequired,
	locationEstimatePreferred,
	locationMeasurementsPreferred,
	...,
    [[
      locationEstimateAndMeasurementsRequired-r18
    ]]

}

PeriodicalReportingCriteria ::=		SEQUENCE {
	reportingAmount						ENUMERATED {
											ra1, ra2, ra4, ra8, ra16, ra32,
											ra64, ra-Infinity
										} DEFAULT ra-Infinity,
	reportingInterval					ENUMERATED {
											noPeriodicalReporting, ri0-25,
											ri0-5, ri1, ri2, ri4, ri8, ri16, ri32, ri64
										}
}

TriggeredReportingCriteria ::=		SEQUENCE {
	cellChange							BOOLEAN,
	reportingDuration					ReportingDuration,
	...
}

ReportingDuration ::=				INTEGER (0..255)

AdditionalInformation ::= ENUMERATED {
	onlyReturnInformationRequested,
	mayReturnAditionalInformation,
	...
}

QoS ::= SEQUENCE {
	horizontalAccuracy			HorizontalAccuracy		OPTIONAL,	-- Need ON
	verticalCoordinateRequest	BOOLEAN,
	verticalAccuracy			VerticalAccuracy		OPTIONAL,	-- Need ON
	responseTime				ResponseTime			OPTIONAL,	-- Need ON
	velocityRequest				BOOLEAN,				
	...,
	[[	responseTimeNB-r14		ResponseTimeNB-r14		OPTIONAL	-- Need ON
	]],
	[[	horizontalAccuracyExt-r15	HorizontalAccuracyExt-r15		OPTIONAL,	-- Need ON
		verticalAccuracyExt-r15		VerticalAccuracyExt-r15			OPTIONAL	-- Need ON
	]]
}

HorizontalAccuracy ::= SEQUENCE {
	accuracy		INTEGER(0..127),
	confidence		INTEGER(0..100),
	...
}

VerticalAccuracy ::= SEQUENCE {
	accuracy		INTEGER(0..127),
	confidence		INTEGER(0..100),
	...
}

HorizontalAccuracyExt-r15 ::= SEQUENCE {
	accuracyExt-r15		INTEGER(0..255),
	confidence-r15		INTEGER(0..100),
	...
}

VerticalAccuracyExt-r15 ::= SEQUENCE {
	accuracyExt-r15		INTEGER(0..255),
	confidence-r15		INTEGER(0..100),
	...
}

ResponseTime ::= SEQUENCE {
	time								INTEGER (1..128),
	...,	
	[[	responseTimeEarlyFix-r12		INTEGER (1..128)		OPTIONAL		-- Need ON
	]],
	[[	unit-r15				ENUMERATED { ten-seconds, ... }	OPTIONAL		-- Need ON
	]]
}

ResponseTimeNB-r14 ::= SEQUENCE {
	timeNB-r14							INTEGER (1..512),
	responseTimeEarlyFixNB-r14			INTEGER (1..512)		OPTIONAL,		-- Need ON
	...,
	[[	unitNB-r15				ENUMERATED { ten-seconds, ... }	OPTIONAL		-- Need ON
	]]
}

Environment ::= ENUMERATED {
	badArea,
	notBadArea,
	mixedArea,
	...
}

MessageSizeLimitNB-r14 ::= SEQUENCE {
	measurementLimit-r14				INTEGER (1..512)		OPTIONAL,		-- Need ON
	...
}

-- ASN1STOP

	Conditional presence
	Explanation

	ECID
	The field is optionally present, need ON, if E-CID or NR E-CID is requested. Otherwise it is not present.



	CommonIEsRequestLocationInformation field descriptions

	locationInformationType
This IE indicates whether the server requires a location estimate or measurements. For 'locationEstimateRequired', the target device shall return a location estimate if possible, or indicate a location error if not possible. For 'locationMeasurementsRequired', the target device shall return measurements if possible, or indicate a location error if not possible. For 'locationEstimatePreferred', the target device shall return a location estimate if possible, but may also or instead return measurements for any requested position methods for which a location estimate is not possible. For 'locationMeasurementsPreferred', the target device shall return location measurements if possible, but may also or instead return a location estimate for any requested position methods for which return of location measurements is not possible. For ' locationEstimateAndMeasurementRequired ', the target device shall return both location estimate and measurements if possible, or indicate a location error if not possible.

	triggeredReporting
This IE indicates that triggered reporting is requested and comprises the following subfields:
-	cellChange: If this field is set to TRUE, the target device provides requested location information each time the primary cell has changed.
-	reportingDuration: Maximum duration of triggered reporting in seconds. A value of zero is interpreted to mean an unlimited (i.e. "infinite") duration. The target device should continue triggered reporting for the reportingDuration or until an LPP Abort or LPP Error message is received.
The triggeredReporting field should not be included by the location server and shall be ignored by the target device if the periodicalReporting IE or responseTime IE or responseTimeNB IE is included in CommonIEsRequestLocationInformation.

	periodicalReporting
This IE indicates that periodic reporting is requested and comprises the following subfields:
-	reportingAmount indicates the number of periodic location information reports requested. Enumerated values correspond to 1, 2, 4, 8, 16, 32, 64, or infinite/indefinite number of reports. If the reportingAmount is 'infinite/indefinite', the target device shou-ld continue periodic reporting until an LPP Abort message is received. The value 'ra1' shall not be used by a sender.
-	reportingInterval indicates the interval between location information reports and the response time requirement for the first location information report. Enumerated values ri0-25, ri0-5, ri1, ri2, ri4, ri8, ri16, ri32, ri64 correspond to reporting intervals of 1, 2, 4, 8, 10, 16, 20, 32, and 64 seconds, respectively. Measurement reports containing no measurements or no location estimate are required when a reportingInterval expires before a target device is able to obtain new measurements or obtain a new location estimate. The value 'noPeriodicalReporting' shall not be used by a sender.

	additionalInformation
This IE indicates whether a target device is allowed to return additional information to that requested. If this IE indicates 'onlyReturnInformationRequested' then the target device shall not return any additional information to that requested by the server. If this IE indicates 'mayReturnAdditionalInformation' then the target device may return additional information to that requested by the server. If a location estimate is returned, any additional information is restricted to that associated with a location estimate (e.g. might include velocity if velocity was not requested but cannot include measurements). If measurements are returned, any additional information is restricted to additional measurements (e.g. might include E-CID measurements if A-GNSS measurements were requested but not E-CID measurements).

	qos
This IE indicates the quality of service and comprises a number of sub-fields. In the case of measurements, some of the sub-fields apply to the location estimate that could be obtained by the server from the measurements provided by the target device assuming that the measurements are the only sources of error. Fields are as follows:
-	horizontalAccuracy indicates the maximum horizontal error in the location estimate at an indicated confidence level. The 'accuracy' corresponds to the encoded uncertainty as defined in TS 23.032 [15] and 'confidence' corresponds to confidence as defined in TS 23.032 [15].
-	verticalCoordinateRequest indicates whether a vertical coordinate is required (TRUE) or not (FALSE)
-	verticalAccuracy indicates the maximum vertical error in the location estimate at an indicated confidence level and is only applicable when a vertical coordinate is requested. The 'accuracy' corresponds to the encoded uncertainty altitude as defined in TS 23.032 [15] and 'confidence' corresponds to confidence as defined in TS 23.032 [15].
-	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.
-	velocityRequest indicates whether velocity (or measurements related to velocity) is requested (TRUE) or not (FALSE).
-	responseTimeNB
If the periodicalReporting IE or responseTime 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).
-	timeNB 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 512. If the unit field is present, the maximum response time is given in units of 10-seconds, between 10 and 5120 seconds.
-	responseTimeEarlyFixNB 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 512. If the unit field is present, the maximum response time is given in units of 10-seconds, between 10 and 5120 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 responseTimeEarlyFixNB 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 timeNB 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 responseTimeEarlyFixNB IE. A server should set the responseTimeEarlyFixNB IE to a value less than that for the timeNB IE. A target shall ignore the responseTimeEarlyFixNB IE if its value is not less than that for the timeNB IE.
-	unitNB indicates the unit of the timeNB and responseTimeEarlyFixNB fields. Enumerated value 'ten-second' corresponds to a resolution of 10 seconds. If this field is absent, the unit/resolution is 1 second.
- 	horizontalAccuracyExt indicates the maximum horizontal error in the location estimate at an indicated confidence level. The 'accuracyExt' corresponds to the encoded high accuracy uncertainty as defined in TS 23.032 [15] and 'confidence' corresponds to confidence as defined in TS 23.032 [15]. This field should not be included by the location server and shall be ignored by the target device if the horizontalAccuracy field is included in QoS.
- 	verticalAccuracyExt indicates the maximum vertical error in the location estimate at an indicated confidence level and is only applicable when a vertical coordinate is requested. The 'accuracyExt' corresponds to the encoded high accuracy uncertainty as defined in TS 23.032 [15] and 'confidence' corresponds to confidence as defined in TS 23.032 [15]. This field should not be included by the location server and shall be ignored by the target device if the verticalAccuracy field is included in QoS.
All QoS requirements shall be obtained by the target device to the degree possible but it is permitted to return a response that does not fulfill all QoS requirements if some were not attainable. The single exception is time and timeNB which shall always be fulfilled – even if that means not fulfilling other QoS requirements.
A target device supporting NB-IoT access shall support the responseTimeNB IE.
A target device supporting HA GNSS shall support the HorizontalAccuracyExt, VerticalAccuracyEx, and unit fields.
A target device supporting NB-IoT access and HA GNSS shall support the unitNB field.

	environment
This field provides the target device with information about expected multipath and non line of sight (NLOS) in the current area. The following values are defined:
-	badArea:	possibly heavy multipath and NLOS conditions (e.g. bad urban or urban).
-	notBadArea:	no or light multipath and usually LOS conditions (e.g. suburban or rural).
-	mixedArea:	environment that is mixed or not defined.
If this field is absent, a default value of 'mixedArea' applies.

	locationCoordinateTypes
This field provides a list of the types of location estimate that the target device may return when a location estimate is obtained by the target.

	velocityTypes
This fields provides a list of the types of velocity estimate that the target device may return when a velocity estimate is obtained by the target.

	messageSizeLimitNB
This field provides an octet limit on the amount of location information a target device can return.
-	measurementLimit indicates the maximum amount of location information the target device should return in response to the RequestLocationInformation message received from the location server.
The limit applies to the overall size of the LPP message at LPP level (LPP Provide Location Information), and is specified in steps of 100 octets. The message size limit is then given by the value provided in measurementLimit times 100 octets.

	segmentationInfo
This field indicates whether this RequestLocationInformation message is one of many segments, as specified in clause 4.3.5






