3GPP TSG-RAN WG2 Meeting #116-e														R2-2110997
Electronic Meeting, November 1 – 12, 2021
Agenda item:	8.11.1
Source: 	InterDigital Inc.
Title: 	Report of email discussion [Post115-e][614][POS] Review stage 2 draft CRs on GNSS integrity (InterDigital)
[bookmark: DocumentFor]Document for:		Discussion
[bookmark: _Toc27765082][bookmark: _Toc37680739][bookmark: _Toc52546654][bookmark: _Toc52547714][bookmark: _Toc52548244][bookmark: _Toc52547184][bookmark: _Toc60869972][bookmark: _Toc46486309]1.	Introduction
This document summarizes the following email discussion:
[Post115-e][614][POS] Review stage 2 draft CRs on GNSS integrity (InterDigital)
      Scope: Provide initial draft CRs to 36.305 and 38.305 capturing the agreements on integrity, and collect comments towards an endorsement in the next meeting cycle.
      Intended outcome: Endorsable CRs to next meeting
      Deadline:  Long

The discussion to be split in two phases:
Phase 1: For checking proposals from Rapporteur and the draft TP; The deadline for Phase 1 of this email discussion is Wednesday Oct 13 , 0900 UTC.
Phase 2: For finalizing draft running CRs for potential TP for TS 38.305 and TS 36.305 (as explained in Q4); The deadline for Phase 2 of this email discussion is Wednesday Oct 20 , 0900 UTC.
Please provide the contact information in the following Table:
	Company
	Point of contact
	Email address

	ESA
	Florin Grec
	florin-catalin.grec@esa.int

	Qualcomm
	Sven Fischer
	sfischer@qti.qualcomm.com

	Huawei, HiSilicon
	Yinghao Guo
	yinghaoguo@huawei.com

	Apple
	Sasha Sirotkin
	ssirotkin@apple.com

	vivo
	Annie Zhong
	tingting.zhong@vivo.com

	Xiaomi
	Xiaolong Li
	lixiaolong1@xiaomi.com

	ZTE
	Yu Pan
	pan.yu24@zte.com.cn

	CATT
	Jianxiang Li
	Lijianxiang@datangmobile.cn

	Swift Navigation
	Grant Hausler
	grant@swiftnav.com

	u-blox AG
	David Bartlett
	david.bartlett@u-blox.com

	Ericsson
	Fredrik Gunnarsson, Ritesh Shreevastav 
	fredrik.gunnarsson@ericsson.com, ritesh.shreevastav@ericsson.com

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	



2.	Phase 1 Discussion 
The scope of this email discussion is to discuss on how to capture the agreements made so far (in RAN2#114-e [1] and RAN2#115-e [2]) on GNSS positioning integrity into Stage 2 description in TS 38.305 [3] and TS 36.305 [4].
2.1	Definitions of GNSS Positioning Integrity
This section is intended to handle the discussion on TP related to definitions relevant to GNSS positioning integrity. The definitions in this section are obtained from Section 3.1 (Terms) and Section 9.1.1.3 (Integrity protection level) of TR 38.857 [3]. The TP on definitions relevant to GNSS positioning integrity is as follows:
<<<<<<<<<<<<<<<<<<<< First change begins >>>>>>>>>>>>>>>>>>>>
TS 38.305
3   Definitions, symbols and abbreviations
3.1 Definitions
For the purposes of the present document, the terms and definitions given in TR 21.905 [1] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in TR 21.905 [1].
As used in this document, the suffixes "-based" and "-assisted" refer respectively to the node that is responsible for making the positioning calculation (and which may also provide measurements) and a node that provides measurements (but which does not make the positioning calculation). Thus, an operation in which measurements are provided by the UE to the LMF to be used in the computation of a position estimate is described as "UE-assisted" (and could also be called "LMF-based"), while one in which the UE computes its own position is described as "UE-based".
Transmission Point (TP): A set of geographically co-located transmit antennas (e.g. antenna array (with one or more antenna elements)) for one cell, part of one cell or one DL-PRS-only TP. Transmission Points can include base station (ng-eNB or gNB) antennas, remote radio heads, a remote antenna of a base station, an antenna of a DL-PRS-only TP, etc. One cell can include one or multiple transmission points. For a homogeneous deployment, each transmission point may correspond to one cell.
Reception Point (RP): A set of geographically co-located receive antennas (e.g. antenna array (with one or more antenna elements)) for one cell, part of one cell or one UL-SRS-only RP. Reception Points can include base station (ng-eNB or gNB) antennas, remote radio heads, a remote antenna of a base station, an antenna of a UL-SRS-only RP, etc. One cell can include one or multiple reception points. For a homogeneous deployment, each reception point may correspond to one cell.
PRS-only TP: A TP which only transmits PRS signals and is not associated with a cell.
SRS-only RP: An RP which only receives SRS signals and is not associated with a cell.
Transmission-Reception Point (TRP): A set of geographically co-located antennas (e.g. antenna array (with one or more antenna elements)) supporting TP and/or RP functionality.
Positioning Integrity: A measure of the trust in the accuracy of the position-related data provided by the positioning system and the ability to provide timely and valid warnings to the LCS client when the positioning system does not fulfil the condition for intended operation.
Alert Limit (AL): The maximum allowable positioning error such that the positioning system is available for the intended application. If the positioning error is beyond the AL, the positioning system should be declared unavailable for the intended application to prevent loss of positioning integrity.
NOTE: When the AL bounds the positioning error in the horizontal plane or on the vertical axis then it is called Horizontal Alert Limit (HAL) or Vertical Alert Limit (VAL), respectively.
Time-to-Alert (TTA): The maximum allowable elapsed time from when the positioning error exceeds the Alert Limit (AL) until the function providing positioning integrity annunciates a corresponding alert.
Target Integrity Risk (TIR): The probability that the positioning error exceeds the Alert Limit (AL) without warning the user within the required Time-to-Alert (TTA). 
NOTE: The TIR is usually defined as a probability rate per some time unit (e.g., per hour, per second or per independent sample).
Protection Level (PL): The PL is a statistical upper-bound of the Positioning Error (PE) that ensures that, the probability per unit of time of the true error being greater than the AL and the PL being less than or equal to the AL, for longer than the TTA, is less than the required TIR, i.e., the PL satisfies the following inequality:
    Prob per unit of time [((PE> AL) & (PL<=AL)) for longer than TTA] < required TIR
NOTE: When the PL bounds the positioning error in the horizontal plane or on the vertical axis then it is called Horizontal Protection Level (HPL) or Vertical Protection Level (VPL) respectively.
NOTE: A specific equation for the PL is not specified as this is implementation-defined. For the PL to be considered valid, it must simply satisfy the inequality above.
Feared Event: Feared Events are considered to be all possible events (e.g., of natural, man-made, systemic or operational nature) that can cause the computed position to deviate from the true position, regardless of whether a specific fault can be identified in one of the positioning systems or not.
<<<<<<<<<<<<<<<<<<<< First change ends >>>>>>>>>>>>>>>>>>>>
[bookmark: _Hlk85025519]Q1: Do you agree with the TP related to definitions related to GNSS positioning integrity to be included in TS 38.305 as shown above? 
	Company
	Yes/No
	Comments

	ESA
	No
	Too many (unnecessary) definitions for Stage 2. We suggest to keep only Positioning Integrity as all other terms are already defined and explained in TR of SI phase. 

	Qualcomm
	No
	These should be Stage 3 definitions. In addition:

"positioning system" is used in the various definitions (together with "intended operation"). This requires a definition, since it is unclear what is meant by "positioning system" and "intended operation" in the 3GPP context.

"valid warning" is used in the Positioning Integrity definition. It is unclear what is meant by a "valid" warning; i.e., could there be an "invalid" warning?

We don't see a need for a definition of "Feared Event". We think such terminology should be avoided in a 3GPP TS, if possible.

	Huawei, HiSilicon
	No
	We think the definition should be given on a need-to-define basis. Definition should only be given when there are several terms given in the stage2 description below that need such clarification. Prefer to finish the main text first and then think about what definition is necessary. Some of the definitions should be preferably given in the main text, e.g., GNSS integrity

	Apple
	No 
	Agree with HW: let’s finish the main section first and then see which definitions are needed. The PI definition is likely to be needed, though.

	vivo
	No
	We also think that we should first decide which terms are used below before we discuss this question.

	Xiaomi
	No
	The positioning integrity related definition can be decided when the main sections are finished. 

	ZTE
	No
	Giving the full name of KPIs(AL, TIR, TTA) and PL is enough. Feared event will be reflected in the 3GPP TS by some parameters indication, for example, error bounds. So there is no need to define them in the spec.

	CATT
	No
	Positioning Integrity should be included and those terms which will be mentioned in other sections also should be included, such as AL, TTA, and PL. But Feared Event is not expected here.

	Swift Navigation
	
	We are ok with the wording of the definitions but are happy to finish the main text before determining which to include. Positioning Integrity should be included.

	u-blox
	
	We agree with Swift: the definitions look fine, but we are happy to decide later which to include here.

	Ericsson
	No
	Agree with other companies that the level of details of definitions should be on a need basis for a stage-2 text

	
	
	



[bookmark: _Hlk85025532]Summary of companies’ views
· 11 companies have indicated that at least some of the definitions are unnecessary and/or can be decided after finishing the main sections 
· 4 companies mentioned for including the definition of “positioning integrity”
· 1 company mentioned a definition is likely needed for protection limit (PL)
· 1 company mentioned that terms which will be included in other sections should be included (in definitions), such as AL, TTA and PL.
· 1 company mentioned giving full names of KPIs (AL, TIR, TTA) and PL is enough and that there is no need for defining them

Rapporteur’s view
Based on the inputs provided by companies and for introducing positioning integrity in Stage 2 description, the rapporteur proposes the following simplified definition, with unclear terms removed, for positioning integrity to be included under Clause 3.1 (Definitions) of TS 38.305:
Positioning integrity: A measure of the trust in the accuracy of the position estimate
The above TP and the related discussion are provided below in Section 3.1 of Phase 2 of this email discussion. 
2.2	Main Concepts of GNSS Positioning Integrity
This section is intended to handle the discussion on TP related to agreements made on the main concepts of GNSS positioning integrity. The following are the related agreements made in RAN2#115-e [2]:
	Proposal 1: Agree that the GNSS feared events will be addressed in the WI.
Proposal 2 (modified): Agree that all for A-GNSS positioning methods, positioning integrity determination is supported in LPP.
Proposal 3: Agree that additional IEs are needed in LPP to support A-GNSS positioning integrity determination.
Proposal 4: The specific algorithms used for positioning integrity shall be up to implementation.
Proposal 5: For interoperability, the use of “hard-coded” parameters should be minimized and instead the needed parameters should be sent explicitly in the assistance data.
Proposal 6: RAN2 agrees that the PL will be reported in the Integrity Results. It is FFS whether Mode 2 and the TIR, AL, TTA that were used in the integrity calculation will also be reported in the integrity results.
Proposal 8: Agree that the UE feared events will be handled in the implementation for UE-based (network-assisted) methods of positioning integrity determination. 
Proposal 10: Agree that the LMF feared events can be handled via implementation for the UE-based (network-assisted) and UE-assisted (LMF-based) methods of positioning integrity determination.
Proposal 11: RAN2 agrees to use Common Positioning IEs to transfer the KPIs and Integrity Results.
Proposal 12: RAN2 agrees that the LPP procedures can be used to transfer the KPIs and Integrity Results. For UE-assisted, the LCS procedures remain FFS in the case of MO-LR.
In Rel-17, we do not address the data transmission feared event (i.e. we rely on the system’s existing methods for assuring data integrity).



The TP related to main concepts of GNSS positioning integrity is as follows:
[bookmark: _Toc76507886][bookmark: _Toc52567282][bookmark: _Toc46488929][bookmark: _Toc37338088][bookmark: _Toc29305283][bookmark: _Toc12632589]<<<<<<<<<<<<<<<<<<<< Second change begins >>>>>>>>>>>>>>>>>>>>
TS 38.305
4   Main concepts and requirements
4.x	Positioning Integrity
4.x.1	Positioning Integrity concepts
The determination of positioning integrity is supported via LPP signalling and procedures for all A-GNSS positioning methods. 
Editor’s note: The specific algorithms used for positioning integrity determination shall be up to implementation.
4.x.2	Positioning Integrity Results
The PL is reported in the positioning integrity results by the UE (for UE-based methods of positioning integrity determination). 
Editor’s note: Whether Mode 2 (e.g. integrity event flagging) and the TIR, AL, TTA that were used in the integrity calculation will be reported in the integrity results are to be determined.
4.x.3	A-GNSS Feared Events 
Editor’s note: UE feared events will be handled via implementation for UE-based (network-assisted) methods of positioning integrity determination.
Editor’s note: LMF feared events will be handled via implementation for the UE-based (network-assisted) and UE-assisted (LMF-based) methods of positioning integrity determination.

<<<<<<<<<<<<<<<<<<<< Second change ends >>>>>>>>>>>>>>>>>>>>
[bookmark: _Hlk85025637]Q2: Do you agree with the TP related to main concepts of GNSS positioning integrity to be included in TS 38.305 as shown above?
	Company
	Yes/No
	Comments

	ESA
	No
	The way the work progresses makes us believe that the WID will output several new LPP IEs or extended existing IEs which can be used as inputs for GNSS positioning integrity algorithms. Furthermore, A-GNSS feared events are already included the TR produced during the SI phase so no need to duplicate information. Therefore, anything related to this topic should make its way in chapter 8.1.

	Qualcomm
	No
	Any positioning integrity "concepts" should be integrated/captured in clause 8 (clause 8.1 for the GNSS case). We don't see a need for the above proposed text in general. Positioning integrity is part of the normal positioning procedures and can be included in the existing procedure descriptions in clause 8.1, where appropriate.

	Huawei, HiSIlicon
	No
	GNSS integrity can be descripted in clause 8.1.1 under the clause for general. 

Also, we hope that the categorization of the GNSS integrity assistance data can be captured in the stage2 spec, which is currently being discussed under the email discussion [Post115-e][607][POS]

	Apple
	No
	Thid TP doesn’t really say much…

	vivo
	No 
	Main concepts of GNSS positioning integrity should be included in the GNSS positioning clause(i.e., clause 8.1) because positioning integrity is part of the normal positioning procedures and can be included in the existing procedure descriptions in clause 8. 

	Xiaomi
	No
	The positioning integrity for GNSS should be captured in clause 8.1.

	ZTE
	No
	For the above changes:
1. The integrity concepts can be captured in section 4.1, i.e.,Assumptions and Generalities.
2. Positioning integrity results should be captured in section 8.1.
3. A-GNSS Feared Events is not needed

	CATT
	No
	Share the similar comments as ZTE.

	Swift Navigation
	No
	Agree with ZTE. The majority of changes (GNSS case) can be covered in 8.1 but section 4.1 may benefit from some small additions to the text to introduce integrity alongside uncertainty and position outputs.

	u-blox
	No
	We agree with ZTE

	Ericsson
	No
	These concepts can be separated in GNSS agnostic (generic w.r.t. positioning method) or GNSS specific, so everything cannot go into 8.1, so some things should be discussed for the common case despite the fact that Rel 17 only addresses GNSS integrity

	
	
	

	
	
	



[bookmark: _Hlk85025806][bookmark: _Hlk85025627]Summary of companies’ views
· 10 companies have indicated to include descriptions on positioning integrity for GNSS under Clause 8.1
· 4 companies agree/indicated for including integrity concepts (i.e. assumptions and generalities) under Clause 4.1
· 4 companies agree/indicated for capturing positioning integrity results under Clause 8.1
· 1 company mentioned additions to the text to introduce integrity alongside uncertainty and position outputs is useful under Clause 4.1
· 1 company mentioned the (integrity) concepts can be separated in GNSS agnostic (generic w.r.t. positioning method) or GNSS specific, so everything cannot go into 8.1, so some things should be discussed for the common case 
· 2 companies mentioned description on A-GNSS Feared Events is not needed

Rapporteur’s view
Based on the inputs provided by companies and to align with the agreements made so far in RAN2 on positioning integrity, the rapporteur agrees to not introduce/include any descriptions under Clause 4 at this stage and proposes to capture the general descriptions on positioning integrity for GNSS under Clause 8.1, specifically under sub-clause 8.1.1 (General). 
The TP on positioning integrity for GNSS and the related discussion are provided below in Section 3.2 of Phase 2 of this email discussion. 
2.3	Architecture for GNSS Positioning Integrity
This section is intended to handle the discussion on TP based on agreements made on architecture for supporting positioning integrity. The following are the agreements made in RAN2#115-e [2] relevant to architecture:
	Proposal 1:	The support of GNSS integrity is enabled by using existing NG-RAN positioning architecture. 
Proposal 2:	Any additional functional elements, positioning/integrity modes, etc. should be introduced only when needed.



The TP related to architecture for supporting GNSS positioning integrity is as follows:
[bookmark: _Toc76507905][bookmark: _Toc52567301][bookmark: _Toc46488948][bookmark: _Toc37338107]<<<<<<<<<<<<<<<<<<<< Third change begins >>>>>>>>>>>>>>>>>>>>
TS 38.305
5   NG-RAN UE Positioning Architecture
5.1 Architecture
Figure 5.1-1 shows the architecture in 5GS applicable to positioning of a UE with NR or E-UTRA access.
The AMF receives a request for some location service associated with a particular target UE from another entity (e.g., GMLC or UE) or the AMF itself decides to initiate some location service on behalf of a particular target UE (e.g., for an IMS emergency call from the UE) as described in TS 23.502 [26] and TS 23.273 [35]. The AMF then sends a location services request to an LMF. The LMF processes the location services request which may include transferring assistance data to the target UE to assist with UE-based and/or UE-assisted positioning and/or may include positioning of the target UE. The LMF then returns the result of the location service back to the AMF (e.g., a position estimate for the UE. In the case of a location service requested by an entity other than the AMF (e.g., a GMLC or UE), the AMF returns the location service result to this entity.
An NG-RAN node may control several TRPs/TPs, such as remote radio heads, or DL-PRS-only TPs for support of PRS-based TBS.
An LMF may have a proprietary signalling connection to an E-SMLC which may enable an LMF to access information from E‑UTRAN (e.g. to support the OTDOA for E-UTRA positioning method using downlink measurements obtained by a target UE of signals from eNBs and/or PRS-only TPs in E-UTRAN). Details of the signalling interaction between an LMF and E-SMLC are outside the scope of this specification.
An LMF may have a proprietary signalling connection to an SLP. The SLP is the SUPL entity responsible for positioning over the user plane. Further details of user-plane positioning are provided in [15][16]. Details of the signalling interaction between an LMF and SLP are outside the scope of this specification.


Figure 5.1-1: UE Positioning Overall Architecture applicable to NG-RAN
NOTE 1:	Void
NOTE 2:	Void
NOTE 3:	Void
In case of split gNB architecture, a gNB-DU may include TRP functionality where the TRP functionality may support functions for a TP, RP or both TP and RP. A gNB-DU which includes TRP functionality does not need to offer cell services.

Positioning Integrity is enabled using NG-RAN positioning architecture shown in Figure 5.1-1.
Editor’s note: Any additional functional elements, positioning/integrity modes, etc. should be introduced only when needed.
<<<<<<<<<<<<<<<<<<<< Third change ends >>>>>>>>>>>>>>>>>>>>

Q3: Do you agree with the TP related to architecture to be included in TS 38.305 as shown above?
	Company
	Yes/No
	Comments

	ESA
	Yes (with clarifications)
	“A-GNSS positioning integrity…..”  to clarify that Rel17 positioning integrity is dealing with A-GNSS only.
The editor´s note does not seem needed.

	Qualcomm
	No
	This gives the impression that "Positioning Integrity" is an independent, separate procedure/feature. Everything in Stage 2 is "enabled using the NG-RAN positioning architecture shown in Figure 5.1-1."

	Huawei, HiSilicon
	No
	[bookmark: _Hlk84950485]Agree with QC that the positioning architecture is applicable for all positioning functions, by default, including its support for GNSS integrity

	Apple
	No
	Agree with QC and HW

	vivo
	No
	Agree with QC and HW.

	Xiaomi
	No
	Agree with QC and HW.

	ZTE
	No
	Agree with QC that ‘positioning Integrity is enabled using NG-RAN positioning architecture shown in Figure 5.1-1’ should be by default. The Editor’s note is not needed.

	CATT
	No
	The editor’s note is not needed as other companies suggested.

	Swift Navigation
	No
	Don’t think we need the editor’s note

	u-blox
	No
	We agree with QC and HW

	Ericsson
	No
	Same view as above

	
	
	

	
	
	



Summary of companies’ views
· 10 companies have indicated that positioning architecture is applicable for all positioning functions, including positioning integrity and that all positioning functions are enabled by the NG-RAN positioning architecture 
· 4 companies have indicated that editor’s note is not needed

Rapporteur’s view
Based on the inputs provided by companies, the rapporteur agrees not to introduce/include any TP related to positioning architecture at this stage.

From the objective in R17 WID [6], the signalling and procedures to support GNSS positioning integrity determination is applicable to NR and E-UTRA. On positioning architecture, a comparison between NR (TS 38.305) and LTE (TS 36.305) indicates that NR uses LMF whereas LTE uses E-SMLC as the location server (as a reference, description on E-UTRAN positioning architecture is provided in the Appendix of this discussion). In this regard, companies are requested to provide their views on whether the agreements made for NR framework can be directly applicable for LTE framework.  
Q4: Do you agree that the agreements made for NR on enabling GNSS positioning integrity using existing architecture is applicable to E-UTRAN in LTE? (i.e., LMF is replaced by E-SMLC in the TP). If you do not agree, please state the reasons (e.g., There needs to be agreements made in RAN2 to generate TPs for TS 36.305). 
If the group agrees that the TPs for 38.305 can be reused simply by replacing LMF with E-SMLC, we will use the second phase of the discussion to check the content of the TP for TS 36.305.
	Company
	Yes/No
	Comments

	ESA
	Yes
	We think simply replacing LMF by E-SMLC should be enough for E-UTRA stage 2 specs.

	Qualcomm
	Yes, with comments
	Yes, only if our comments made above for Questions 2 and 3 can be accepted. In particular, the integrity descriptions/specifications are provided in the sections 8.x of 36.305 and 38.305. Otherwise, it needs to be discussed separately if integrity is also applicable/supported to positioning methods other than GNSS (i.e., the LTE positioning methods and other RAT-independent methods, which however, seems beyond the scope of this WI).

	Huawei, HiSilicon
	Yes
	Since LPP spec is common for LTE and 5G, we think the agreements made for NR can be applicable for LTE. 

	Apple
	Yes
	

	vivo
	Yes
	

	Xiaomi
	Yes
	

	ZTE
	Yes
	

	CATT
	Yes with comments
	Only integrity for GNSS can be applied to LTE according to the scope of WID. 

	u-blox 
	Yes
	

	Ericsson
	Yes
	It becomes a delicate matter if what is presented is also tied to what is currently supported. To tie generic definitions and concepts to GNSS sections in stage-2 will not be future proof in case concepts gets extended to other positioning methods.

With that said, it is important as QC comments that it cannot be perceived as if integrity is generically applicable to all positioning methods, both LTE and NR. 

	
	
	

	
	
	



Summary of companies’ views
· 10 companies have indicated that the agreements made for NR on enabling GNSS positioning integrity are applicable for LTE (i.e. LMF can be replaced with E-SMLC for E-UTRA stage 2 for GNSS positioning integrity)
· 3 companies mentioned that only positioning integrity for GNSS discussed for NR can be applied to LTE

Rapporteur’s view
The rapporteur shares similar view with companies that the TP agreeable for NR TS 38.305 on positioning integrity for GNSS can be reused for LTE TS 36.305. Where LMF is used (if any) in the TP for TS 38.305 is to be replaced with E-SMLC in the TP for TS 36.305. 
2.4	LPP procedures for GNSS Positioning Integrity
This section is intended to handle the discussion on TP based on the agreements made so far on LPP procedures for supporting GNSS positioning integrity. The following are the agreements made in RAN2 related to LPP procedures for GNSS positioning integrity:
Agreements from RAN2#114-e
	Proposal 1 (modified): RAN2 confirms that LPP messages RequestCapabilities and ProvideCapabilities are used to transfer capability information of GNSS positioning integrity support. FFS the contents of capability information for GNSS positioning integrity support.


Agreements from RAN2#115-e
	Proposal 3 (modified):	Separate procedures for "A-GNSS Positioning Integrity" as proposed in R2-2107503 will not be defined; the existing A-GNSS (and general location) Procedures are applicable/sufficient.
Proposal 4 (modified):	RAN2 confirms that LPP messages RequestLocationInformation and ProvideLocationInformation are used to transfer integrity KPIs/results, respectively, for GNSS positioning at least for UE-based mode.
Proposal 5 (modified):	RAN2 confirms that LPP messages RequestAssistanceData and ProvideAssistanceData are used to transfer integrity assistance data for GNSS positioning at least for UE-based mode.



The TP related to LPP procedures for GNSS positioning integrity is as follows:
<<<<<<<<<<<<<<<<<< Fourth change begins >>>>>>>>>>>>>>>>>>>>
TS 38.305
7  General NG-RAN UE Positioning procedures
7.1  General LPP procedures for UE Positioning
7.1.x	LPP Procedure for positioning integrity for GNSS positioning
UE-based methods of positioning integrity determination for GNSS positioning are supported by the following LPP procedures and signalling:  
· LPP capability transfer procedure, via LPP Request Capability and LPP Provide Capabilities messages, to transfer the capability information indicating support for positioning integrity for GNSS positioning. 
Editor’s note: The contents of capability information for positioning integrity support are to be determined
· LPP assistance data transfer procedure, via LPP Request Assistance Data and LPP Provide Assistance Data messages, to transfer the assistance data associated with positioning integrity for GNSS positioning. 

· LPP location information transfer procedure, via LPP Request Location Information and LPP Provide Location Information messages, to transfer integrity KPIs and integrity results associated with positioning integrity for GNSS positioning.

Editor’s note: LCS procedures for UE-assisted methods of positioning integrity determination in the case of MO-LR are to be determined.

<<<<<<<<<<<<<<<<<<<< Fourth change ends >>>>>>>>>>>>>>>>>>>>
Q5: Do you agree with the TP related to LPP procedures for GNSS positioning integrity to be included in TS 38.305 as shown above?
	Company
	Yes/No
	Comments

	ESA
	No
	It may be a bit too early committing on the text from above. Another option is to add 1 sentence to 7.1.2.1, 7.1.2.2, and 7.1.2.3. For example 7.1.2.1 Capability transfer could be transformed as follows:

“The capability transfer procedure between a "target" and a "server" is specified in clause 7.1.2.1 of TS 36.305 [25]. It can be used to transfer capability information indicating support for GNSS positioning integrity.”
Same model for Assistance Data transfer and Location Info transfer.

Another option would be to make the changes only in TS 36.305 and keep in TS 38.305 the reference as per above.

	Qualcomm
	No
	There is no separate "LPP Procedure for positioning integrity for GNSS positioning". The existing LPP procedures are being used as described in clause 8.x for each positioning method. Integrity specific elements can be added, where appropriate.

	Huawei, HiSilicon
	No
	Agree with ESA and Qualcomm. Modifications can be made to the description for the current LPP instead of creating a new clasue for GNSS integrity. 

	Apple
	No 
	Agree with all the comments above

	vivo
	No
	We also think there is no separate "LPP Procedure for positioning integrity for GNSS positioning". We can add the new content related to GNSS integrity in the current LPP clauses(e.g., clause 7.1.2).

	Xiaomi
	No
	Agree with Huawei.

	ZTE
	No
	Agree with other companies

	CATT
	No
	There is no special/new LPP procedure for positioning integrity for GNSS positioning, because positioning integrity follows the existing LPP procedures. The specific IEs/elements for integrity can be captured in 8.1.

	Swift Navigation
	No
	We agree that the agreement to reuse the existing procedures does not need to be called out in a new section.

	u-blox
	No
	Agree with Qualcomm

	Ericsson
	No
	No need for the text, since existing procedure covers the needs as agreed

	
	
	



Summary of companies’ views
· 11 companies have indicated that there is no need to introduce a separate/new description for LPP procedures for positioning integrity for GNSS
· 5 companies have indicated existing clauses describing LPP procedures can be reused to include content (e.g. specific IEs/elements) related to positioning integrity for GNSS
· 4 companies indicated additions can be made to include integrity content under clauses 8.x/8.1
· 2 companies indicated additions can be made to include integrity content under clause 7.1.2
· 1 company indicated changes related to integrity can be made in TS 36.305 (which is cross referenced in TS 38.305)

Rapporteur’s view
Based on the inputs provided by companies and to align with the agreements made so far in RAN2 for transferring content related to GNSS positioning integrity using LPP, the rapporteur proposes to capture the short descriptions of integrity content in a TP under Clause 8.1.3 (Assisted-GNSS Positioning Procedures) since the clause makes a reference to the general procedure in 7.1.2 in TS 36.305. This is also to align with the scope of the R17 WID [6] such that any description related to integrity content applies to only GNSS positioning methods under the main clause 8.1.
The TP on content related to GNSS positioning integrity using LPP and the related discussion is provided below in Section 3.3 of Phase 2 of this email discussion. 

2.5	Others
Q6: Do you have other views related to TP which are not discussed in the above sections?
	Company
	Yes/No
	Comments

	ESA
	No 
	No further suggestions for the time being.

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	




3.	Phase 2 Discussion 
The scope of Phase 2 is to finalize draft running CRs for potential TP on GNSS positioning integrity in TS 38.305 [3] and TS 36.305 [4].
3.1	Definition of Positioning Integrity
This section is intended to handle the discussion on definition revised from Phase 1. The TP is as follows:
<<<<<<<<<<<<<<<<<<<< First change begins >>>>>>>>>>>>>>>>>>>>
TS 38.305
3   Definitions, symbols and abbreviations
3.1 Definitions
For the purposes of the present document, the terms and definitions given in TR 21.905 [1] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in TR 21.905 [1].
As used in this document, the suffixes "-based" and "-assisted" refer respectively to the node that is responsible for making the positioning calculation (and which may also provide measurements) and a node that provides measurements (but which does not make the positioning calculation). Thus, an operation in which measurements are provided by the UE to the LMF to be used in the computation of a position estimate is described as "UE-assisted" (and could also be called "LMF-based"), while one in which the UE computes its own position is described as "UE-based".
Transmission Point (TP): A set of geographically co-located transmit antennas (e.g. antenna array (with one or more antenna elements)) for one cell, part of one cell or one DL-PRS-only TP. Transmission Points can include base station (ng-eNB or gNB) antennas, remote radio heads, a remote antenna of a base station, an antenna of a DL-PRS-only TP, etc. One cell can include one or multiple transmission points. For a homogeneous deployment, each transmission point may correspond to one cell.
Reception Point (RP): A set of geographically co-located receive antennas (e.g. antenna array (with one or more antenna elements)) for one cell, part of one cell or one UL-SRS-only RP. Reception Points can include base station (ng-eNB or gNB) antennas, remote radio heads, a remote antenna of a base station, an antenna of a UL-SRS-only RP, etc. One cell can include one or multiple reception points. For a homogeneous deployment, each reception point may correspond to one cell.
PRS-only TP: A TP which only transmits PRS signals and is not associated with a cell.
SRS-only RP: An RP which only receives SRS signals and is not associated with a cell.
Transmission-Reception Point (TRP): A set of geographically co-located antennas (e.g. antenna array (with one or more antenna elements)) supporting TP and/or RP functionality.
[bookmark: _Hlk84537283]Positioning integrity: A measure of the trust in the accuracy of the position estimate

<<<<<<<<<<<<<<<<<<<< First change begins >>>>>>>>>>>>>>>>>>>>
Q1: Do you agree with the TP on definition for positioning integrity to be included in TS 38.305 as shown above? 
	Company
	Yes/No
	Comments

	Huawei, HiSilicon
	No
	This definition is not correct. If we give a definition for “positioning integrity” we prefer to make it complete that positioning integrity consists of two aspects: measure of trust and providing alerts

Positioning Integrity: A measure of the trust in the accuracy of the position-related data provided by the positioning system and the ability to provide timely and valid warnings to the LCS client when the positioning system does not fulfil the condition for intended operation.


	vivo
	No 
	Agree with Huawei.

	ESA
	
	Agree to include the definition but it should be the variant discussed in Phase I (Huawei´s text from above) not its reduced version.

	Swift Navigation
	
	Agree it’s important to also cover alerts for a complete definition of integrity.

	Nokia
	
	We agree with Huawei to capture a more complete definition if we really need to.

	Ericsson
	No
	Agree, some definition is needed, but needs to be more complete as suggested

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	



Summary of companies’ views
· 6 companies have indicated to use a complete definition of positioning integrity that may include aspects of measure of trust and providing alerts. 
· 1 company mentioned to use a variant of the definition provided in Phase 1

Rapporteur’s view
During the Phase 1 discussion on definition of “positioning integrity” there were comments that terms in the previous definition (in Phase 1) such as "positioning system", "intended operation", "valid" are not clear. Based on the inputs provided in the Phase 2, we propose a more complete definition of positioning integrity while avoiding the unclear terms as follows:
Positioning integrity: A measure of the trust in the accuracy of the position estimate and ability to provide alerts/warnings to the LCS client when the requirements of the LCS client associated with the trust measure of position accuracy are not fulfilled
The above TP is included in the CRs for TS 38.305 and TS 36.305
3.2	General description on GNSS Positioning Integrity
This section is intended to handle the discussion on the TP related to general description on positioning integrity for GNSS based on inputs from Phase 1. The TP is provided as follows:
<<<<<<<<<<<<<<<<<<<< Second change begins >>>>>>>>>>>>>>>>>>>>
TS 38.305
8.1  GNSS positioning methods
[bookmark: _Hlk84537399]8.1.1 General
A navigation satellite system provides autonomous geo-spatial positioning with either global or regional coverage. Augmentation systems, such as SBAS, are navigation satellite systems that provide regional coverage to augment the navigation systems with global coverage.
By definition, GNSS refers to satellite constellations that achieve global coverage, however, in 3GPP specifications the term GNSS is used to encompass global, regional, and augmentation satellite systems. The following GNSSs are supported in this version of the specification:
-	GPS and its modernization [5], [6], [7]; (global coverage)
-	Galileo [8]; (global coverage)
-	GLONASS [9]; (global coverage)
-	Satellite Based Augmentation Systems (SBAS), including WAAS, EGNOS, MSAS, and GAGAN [11]; (regional coverage)
-	Quasi-Zenith Satellite System (QZSS) [10]; (regional coverage)
-	BeiDou Navigation Satellite System (BDS) [20] [34]. (global coverage)
Each global GNSS can be used individually or in combination with others, including regional navigation systems and augmentation systems. When used in combination, the effective number of navigation satellite signals would be increased:
-	extra satellites can improve availability (of satellites at a particular location) and results in an improved ability to work in areas where satellite signals can be obscured, such as in urban canyons;
-	extra satellites and signals can improve reliability, i.e., with extra measurements the data redundancy is increased, which helps identify any measurement outlier problems;
-	extra satellites and signals can improve accuracy due to improved measurement geometry and improved ranging signals from modernized satellites.
When GNSS is designed to inter-work with the NG-RAN, the network assists the UE GNSS receiver to improve the performance in several respects. These performance improvements will:
-	reduce the UE GNSS start-up and acquisition times; the search window can be limited and the measurements speed up significantly;
-	increase the UE GNSS sensitivity; positioning assistance messages are obtained via NG-RAN so the UE GNSS receiver can operate also in low SNR situations when it is unable to demodulate GNSS satellite signals;
-	allow the UE to consume less handset power than with stand-alone GNSS; this is due to rapid start-up times as the GNSS receiver can be in idle mode when it is not needed;
[bookmark: _Hlk84583921]-	allow the UE to compute its position with a better accuracy; RTK corrections (for N-RTK) and GNSS physical models (for SSR/PPP) are obtained via NG-RAN so the UE can use these assistance data, together with its own measurements, i.e., code and carrier phase measurements, to enable computation of a position with a high accuracy. 
[bookmark: _Hlk84885356]-	allow the UE to compute its positioning integrity results (i.e. quantify the trust in the accuracy of its position estimate); the UE can use the integrity assistance data obtained via NG-RAN, together with its own measurements, to compute its positioning integrity results
The network-assisted GNSS methods rely on signalling between UE GNSS receivers (possibly with reduced complexity) and a continuously operating GNSS reference receiver network, which has clear sky visibility of the same GNSS constellation as the assisted UEs. Two assisted modes are supported:
-	UE-Assisted: The UE performs GNSS measurements (pseudo-ranges, pseudo Doppler, carrier phase ranges, etc.) and sends these measurements to the LMF where the position calculation takes place, possibly using additional measurements from other (non GNSS) sources;
-	UE-Based: The UE performs GNSS measurements and calculates its own location, possibly using additional measurements from other (non GNSS) sources and assistance data from the LMF.
The assistance data content may vary depending on whether the UE operates in UE-Assisted or UE-Based mode.
The assistance data signalled to the UE can be broadly classified into:
-	data assisting the measurements: e.g. reference time, visible satellite list, satellite signal Doppler, code phase, Doppler and code phase search windows;
-	data providing means for position calculation: e.g. reference time, reference position, satellite ephemeris, clock corrections, code and carrier phase measurements from a GNSS reference receiver or network of receivers;
-	data increasing the position accuracy: e.g. satellite code biases, satellite orbit corrections, satellite clock corrections, atmospheric models, RTK residuals, gradients.
-    data providing means for positioning integrity results calculation
A UE with GNSS measurement capability may also operate in an autonomous (standalone) mode. In autonomous mode the UE determines its position based on signals received from GNSS without assistance from the network.
<<<<<<<<<<<<<<<<<<<< Second change ends >>>>>>>>>>>>>>>>>>>>
Q2: Do you agree with the TP on general description of positioning integrity for GNSS to be included in TS 38.305 as shown above?
	Company
	Yes/No
	Comments

	Huawei, HiSilicon
	No
	In addition to integrity calculation, the UE can also provide warning when PL >AL. 

	vivo
	
	Considering that LMF-based integrity may be also supported, so related content should also be considered.

	ESA
	Yes (with modifications)
	
· allow the UE to compute protection limits for each position information; the UE can use assistance data obtained via NG-RAN, together with its own measurements, to compute position integrity results. 
· Data providing means for position integrity calculation and warnings detection.

	Swift Navigation
	
	On the second one, we could also align with the categories discussed in the [607] email thread (Question 1-5), e.g.
· data assisting positioning integrity determination: e.g. integrity bounds, residual risks, alerts, correlation times, validity times.

	Nokia
	Yes with modification
	
We think from 3GPP point view it is important to highlight that now the UE can calculate and report integrity results. Also, to calculate integrity results, the UE also needs to know some integrity requirements (i.e. KPIs). So we propose the following modification:

· allow the UE to compute and report its positioning integrity results (i.e. metrics that quantify characterize the trust in the accuracy of its position estimate); the UE can use the integrity requirements and assistance data obtained via NG-RAN, together with its own measurements, to compute its positioning integrity results


	Ericsson
	Yes, with additions
	As outlined above, UE GNSS integrity measurements and assessments also needs to be described.

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	



Summary of companies’ views
· 3 companies provided modifications to TP
· 1 company mentioned on UE providing warnings when PL > AL 
· 1 company indicated to consider content related to LMF-based integrity
· 1 company mentioned to describe UE GNSS integrity measurements and assessments

Rapporteur’s view
The following are our responses to the companies’ inputs:
· Response to HW: We have not defined PL or AL so we prefer not to mention them in TP but to use the terms with given definitions. However, if the spec can support these terms in IEs in the next meeting, we can incorporate them in these terms
· Response to vivo: We can update the text once LMF-based mode is supported for positioning integrity
· Response to ESA: On the second note, we are unclear on the added change ‘warnings detection’, and as such, unable to include it in the TP at this stage of the CR
· Response to Swift: We are afraid that the proposed terms are not defined in the spec yet. Similar to PL/AL, we can incorporate them as examples, if these terms are used in IEs.
· Response to Nokia: We will use the proposed text modification for the first note 
· Response to Ericsson: We have updated the TP based on company inputs. We hope the changes are acceptable 

Based on the inputs provided by companies, we have updated the TP under Clause 8.1 as follows:
-	allow the UE to compute and report its positioning integrity results (i.e. metrics that characterize the trust in the accuracy of its position estimate); the UE can use the integrity requirements and assistance data obtained via NG-RAN, together with its own measurements, to compute its positioning integrity results
· data providing means for positioning integrity results calculation
3.3	Supporting GNSS positioning integrity with LPP
This section is intended to handle the discussion on the TP related to supporting GNSS positioning integrity with LPP based on inputs from Phase 1. The TP is provided as follows:

[bookmark: _Hlk84968040]<<<<<<<<<<<<<<<<<<<< Third change begins >>>>>>>>>>>>>>>>>>>>
TS 38.305
[bookmark: _Hlk84956988]8.1.3	Assisted-GNSS Positioning Procedures
[bookmark: _Hlk84537535]8.1.3.1	Capability Transfer Procedure
The Capability Transfer procedure for Assisted-GNSS positioning is described in clause 7.1.2.1.
[bookmark: _Hlk84537648][bookmark: _Hlk84537556]The Capability Transfer procedure can be used to transfer capability information for positioning integrity. 
8.1.3.2	Assistance Data Transfer Procedure
The purpose of this procedure is to enable the LMF to provide assistance data to the UE (e.g., as part of a positioning procedure) and the UE to request assistance data from the LMF (e.g., as part of a positioning procedure). In the case of high-accuracy GNSS positioning techniques (e.g., RTK), the LMF can provide unsolicited periodic assistance data to the UE and the UE can request periodic assistance data from the LMF.
[bookmark: _Hlk84537637]The Assistance Data Transfer procedure can be used to transfer the assistance data for positioning integrity for UE-based mode.
<<<<<<<<<<<<<<<<<<<< Third change ends >>>>>>>>>>>>>>>>>>>>
<<<<<<<<<<<<<<<<<<<< Fourth change begins >>>>>>>>>>>>>>>>>>>>
[bookmark: _Hlk84537565]8.1.3.3	Location Information Transfer Procedure
The purpose of this procedure is to enable the LMF to request position measurements or location estimate from the UE, or to enable the UE to provide location measurements to the LMF for position calculation.
[bookmark: _Hlk84537612]The Location Information Transfer procedure can be used to transfer integrity KPIs and integrity results for positioning integrity for UE-based mode.
<<<<<<<<<<<<<<<<<<<< Fourth change ends >>>>>>>>>>>>>>>>>>>>
Q3: Do you agree with the TP related to supporting GNSS positioning integrity with LPP to be included in TS 38.305 as shown above?
	Company
	Yes/No
	Comments

	Huawei, HiSilicon
	Yes
	OK to have these corrections. 

	vivo
	Yes
	

	ESA
	Yes (with a small change)
	Can we please use “position integrity” instead of “positioning integrity”?


	Swift Navigation
	Yes
	

	Nokia
	Yes (with a small change)
	We don’t think it is appropriate to use the term “KPI” in specifications. It would be better if we can use the term “integrity requirements”.

	Ericsson
	Yes with modifications
	Integrity requirements can be a better term, but also calculation results and measurements.

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	



Summary of companies’ views
· 6 companies are ok with the TP clause 8.1.3, with 3 companies suggesting modifications 
· 2 companies mentioned to use “integrity requirements” instead of “integrity KPI” 
· 1 company indicated to modify from “positioning integrity” to “position integrity”  

Rapporteur’s view
Based on the companies’ inputs, we updated the terminology from “integrity KPI” to “integrity requirements” in the TP under clause 8.1.3. The terminology for “positioning integrity” is to be retained to be consistent with the definition introduced in clause 3.1. Based on the inputs provided by companies, we included the following TP under Clauses 8.1.3.1, 8.1.3.2 and 8.3.2.2, respectively:
The Capability Transfer procedure can be used to transfer capability information for positioning integrity. 
The Assistance Data Transfer procedure can be used to transfer the assistance data for positioning integrity for UE-based mode.
The Location Information Transfer procedure can be used to transfer integrity requirements and integrity results for positioning integrity for UE-based mode.
4	Summary 
The following is the summary containing the rapporteur’s views derived from the discussion above: 
4.1 TP included under Clause 3.1 (Definition)
During the Phase 1 discussion on definition of “positioning integrity” there were comments that terms in the previous definition (in Phase 1) such as "positioning system", "intended operation", "valid" are not clear. Based on the inputs provided in the Phase 2, we propose a more complete definition of positioning integrity while avoiding the unclear terms as follows:
Positioning integrity: A measure of the trust in the accuracy of the position estimate and ability to provide alerts/warnings to the LCS client when the requirements of the LCS client associated with the trust measure of position accuracy are not fulfilled
The above TP is included in the CRs for TS 38.305 and TS 36.305
4.2 TP included under Clause 8.1.1 (General)
The following are our responses to the companies’ inputs:
· Response to HW: We have not defined PL or AL so we prefer not to mention them in TP but to use the terms with given definitions. However, if the spec can support these terms in IEs in the next meeting, we can incorporate them in these terms
· Response to vivo: We can update the text once LMF-based mode is supported for positioning integrity
· Response to ESA: On the second note, we are unclear on the added change ‘warnings detection’, and as such, unable to include it in the TP at this stage of the CR
· Response to Swift: We are afraid that the proposed terms are not defined in the spec yet. Similar to PL/AL, we can incorporate them as examples, if these terms are used in IEs.
· Response to Nokia: We will use the proposed text modification for the first note 
· Response to Ericsson: We have updated the TP based on company inputs. We hope the changes are acceptable 

Based on the inputs provided by companies, we have updated the TP under Clause 8.1 as follows:
-	allow the UE to compute and report its positioning integrity results (i.e. metrics that characterize the trust in the accuracy of its position estimate); the UE can use the integrity requirements and assistance data obtained via NG-RAN, together with its own measurements, to compute its positioning integrity results
-  data providing means for positioning integrity results calculation
4.3 TP included under Clause 8.1.3 (Assisted-GNSS Positioning Procedures)
Based on the companies’ inputs, we updated the terminology from “integrity KPI” to “integrity requirements” in the TP under clause 8.1.3. The terminology for “positioning integrity” is to be retained to be consistent with the definition introduced in clause 3.1. Based on the inputs provided by companies, we included the following TP under Clauses 8.1.3.1, 8.1.3.2 and 8.3.2.2, respectively:
The Capability Transfer procedure can be used to transfer capability information for positioning integrity. 
The Assistance Data Transfer procedure can be used to transfer the assistance data for positioning integrity for UE-based mode.
The Location Information Transfer procedure can be used to transfer integrity requirements and integrity results for positioning integrity for UE-based mode.

5	Appendix
[bookmark: _Hlk83735640]The following description and figure on E-UTRAN positioning architecture is from Section 5 of TS 36.305 [4]:
TS 36.305
5   E-UTRAN UE Positioning Architecture
Figure 5-1 shows the architecture in EPS applicable to positioning of a UE with E-UTRAN access.
The MME receives a request for some location service associated with a particular target UE from another entity (e.g., GMLC or UE) or the MME itself decides to initiate some location service on behalf of a particular target UE (e.g., for an IMS emergency call from the UE) as described in TS 23.271 [2]. The MME then sends a location services request to an E-SMLC. The E-SMLC processes the location services request which may include transferring assistance data to the target UE to assist with UE-based and/or UE-assisted positioning and/or may include positioning of the target UE. For the Uplink method, the E-SMLC processes the location services request which includes transferring configuration data to the selected LMU(s). The E-SMLC then returns the result of the location service back to the MME (e.g., a position estimate for the UE and/or an indication of any assistance data transferred to the UE). In the case of a location service requested by an entity other than the MME (e.g., UE or E-SMLC), the MME returns the location service result to this entity.
The SLP is the SUPL entity responsible for positioning over the user plane. Further details of the relationship of the user-plane positioning entities to the E-UTRAN control-plane positioning architecture are described in Annex B.
An eNodeB may control several TPs, such as remote radio heads, or PRS-only TPs for support of PRS-based TBS.


Figure 5-1: UE Positioning Architecture applicable to E-UTRAN
[bookmark: _Ref434066290]6 	Reference
RAN2 chairman notes RAN2#114-e, May 2021
RAN2 chairman notes RAN2#115-e, October 2021
3GPP TR 38.305 NG Radio Access Network (NG-RAN); Stage 2 functional specification of User Equipment (UE) positioning in NG-RAN (Release 16), v2.0.0 Mar 2021
3GPP TR 36.305 Stage 2 functional specification of User Equipment (UE) positioning in E-UTRAN (Release 16), v16.6.0 September 2021
3GPP TR 38.857 Study on NR Positioning Enhancements (Release 17), v17.0.0 Mar 2021
RP-210903, New WID on NR Positioning Enhancements, Intel, Mar 2021
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