3GPP TSG-RAN WG2 #123	R2-2309108
Toulouse, France, 21st – 25th August 2023
 
Agenda Item:	7.24.2
Source:	Ericsson (Moderator)
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Document for:	Discussion, Decision

1 Introduction
This is to kick off the offline discussion.

· [AT123][426][POS] BT AoA/AoD (Ericsson)
	Scope: Discuss the proposal in R2-2308955; determine if the general change is agreeable, and if so, start discussion on the approach in the CR.
	Intended outcome: Report to CB session in R2-2309108
	Deadline: Wednesday 2023-08-23 2000 UTC

During Rel-18 WID preparations, it was discussed whether to support the recently (Jan 2019) agreed AoA/AoD feature in Bluetooth 5.1 as part of the Bluetooth positioning in LPP. The recommendation was to consider this as TEI18 instead. 	Comment by Qualcomm: We have not found this recommendation. RP-223531 only concludes:

"Conclusion for LPP Bluetooth enhancements: LPP Bluetooth enhancements are not included in scope of
the Rel-18 positioning WI"
Bluetooth can be seen as a highly relevant positioning method for reduced capability (RedCap) devices but also for IoT devices in general, and therefore, it is natural to extend the existing Bluetooth support in LPP with the Bluetooth AoA/AoD positioning features, specifically
· AoA with a single antenna device transmitter and multiple antenna Bluetooth anchor receivers, where the device is configured via LPP to transmit the periodic Bluetooth advertisement signal to support UE-assisted positioning.
· AoD with a single antenna device receiver and multiple antenna Bluetooth anchor transmitters, where the transmitter will beam sweep periodic Bluetooth advertisement transmissions received by the device to estimate the outgoing AoD from the Bluetooth anchor transmitters. The device is supported with assistance data about the Bluetooth anchor configurations, and the device will either report its AoD estimates via LPP for UE-assisted positioning or use the AoD estimates for UE-based positioning.

References
R2-2308955 “Adding support for Bluetooth AoA/AoD”’, Ericsson, AT&T, Polaris Wireless, u-blox, T-Mobile
Bluetooth Core Specification 5.1, https://www.bluetooth.com/specifications/specs/core-specification-5-1/ 
Bluetooth Direction Finding: A Technical Overview, Bluetooth SIG v1.0.3 Oct 2021. Available at https://www.bluetooth.com/bluetooth-resources/bluetooth-direction-finding/ 
2	Contact Points
Respondents to the offline discussion are kindly asked to fill in the following table.
	Company
	Name
	Email Address

	u-blox
	Peter Karlsson
	Peter.karlsson@u-blox.com

	CATT
	Jianxiang Li
	lijianxiang@catt.cn

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	



[bookmark: _Ref178064866]3	Discussion
Based on the Bluetooth Core Specification v. 5.1 [2], the following parameters can be configured for Bluetooth periodic advertisement 
A1. Advertisement address, which is a six byte address that can be of different types, either public (MAC address), random-static (random number but static) or random-private-resolvable (random number regularly updated) where the type random-private-non-resolvable is not suitable for positioning. For AoA, the UE needs to provide its address to the location server and for AoD, the UE needs the address of the Bluetooth anchor (already in LPP for BT beacons)
A2. Advertisement interval can be configured from 20ms to about 10s. For AoA, the UE needs to provide its advertisement interval to the location server or the location server needs to configure the advertisement interval of the UE and for AoD, the UE needs the advertisement interval of the Bluetooth anchor

The Bluetooth periodic advertisements can as per Bluetooth Core Specification v. 5.1 [2] be extended with a continuous tome extension (CTE) to enable support for AoA/AoD, where CTE can be configured with the following parameters:

C1. Length of the CTE in 8us steps, 1-20 steps corresponding to 8us to 160us
C2. Type of CTE, AoA, AoD 1 us slot duration and AoD 2us slot duration
C3. CTE Count, specifies how many packets that include a CTE are to be transmitted each periodic advertising event, value range 1-16 packets
C4. PHY, which can be either 1 Msymbols/s (mandatory) or 2 Msymbols/s (optional)


	Question 1: Do you agree that for Bluetooth AoA/AoD periodic advertisement with a CTE, the characterizing parameters, common for AoA and AoD are A1-A2; C1-C4.

	Company
	Yes/No
	Technical Arguments

	u-blox
	Yes
	Yes, the AoA/AoD estimations are based on periodic advertisement with CTE as defined by parameters in A1-A2 and C1-C4. 

	Qualcomm
	Don't know
	The proponents should bring the background/technical justification for this.

	CATT
	
	Where is Bluetooth Core Specification v. 5.1? The reference file is required.

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	



Rapporteur comment:
Companies sees, regarding the Bluetooth AoA/AoD parameter set, a need for more background and technical justification. The link to the Bluetooth Core Specification 5.1 is provided as part of reference [2].

Bluetooth AoA concerns managing the device configuration of the periodic advertisement with CTE parameters. Therefore, it is natural to extend the Bluetooth positioning method parts of the LPP Location Information procedure

	Question 2: Do you agree that Bluetooth AoA can be supported by extending the Bluetooth positioning method parts of the LPP Location Information procedure

	Company
	Yes/No
	Technical Arguments

	u-blox
	Yes
	Bluetooth AoA positioning methods can be supported by LPP configuration of the CTE transmission in the UE. The LPP is necessary in mobile scenarios when UEs are must be configured for different Bluetooth anchors. 

	Qualcomm
	Yes
	

	CATT
	Yes
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	



Rapporteur comment:
Responding companies agrees that Bluetooth AoA extension, if agreed, can be supported by extending the LPP Location Information procedure.  

For AoD, there is also a need to specify the Bluetooth anchor antenna configuration (UEA and UEB) as well as location (UEB).  

	[bookmark: _Hlk143768496]Question 3: Do you agree that for Bluetooth AoD there is also a need to specify the Bluetooth anchor antenna configuration (UEA and UEB) as well as location (UEB).

	Company
	Yes/No
	Technical Arguments

	Qualcomm
	Don't know. 
	The proponents should bring the background/technical justification for this.

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	



Rapporteur comment:
Companies sees, regarding the Bluetooth anchor antenna configuration (UEA and UEB) as well as location (UEB), a need for more background and technical justification.

Bluetooth AoD concerns managing the Bluetooth anchor configuration of the periodic advertisement with CTE parameters as well as antenna configuration and anchor location. Therefore, it is natural to extend the Bluetooth positioning method parts of the LPP Assistance data procedure (UEA and UEB) and of the LPP Location information procedure (UEA).

	[bookmark: _Hlk143768579]Question 4: Do you agree that Bluetooth AoD can be supported by extending the Bluetooth positioning method parts of the LPP Assistance data procedure (UEA and UEB) and of the LPP Location information procedure (UEA).

	Company
	Yes/No
	Technical Arguments

	Qualcomm
	Generally, yes.
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	



Rapporteur comment:
[bookmark: _Hlk143769579]Responding companies agrees that Bluetooth AoD extension, if agreed, can be supported by extending the Bluetooth positioning method parts of the LPP Assistance data procedure (UEA and UEB) and of the LPP Location information procedure (UEA)..  

For AoD UEA and UEB, there is a need to specify the Bluetooth anchor antenna configuration, which could be leveraged by the existing LPP NR DL-PRS beam information NR-DL-PRS-BeamInfo or NR-TRP-BeamAntennaInfo representation as a starting point. 
	Question 5: What is your opinion about how to represent the Bluetooth anchor antenna configuration for AoD?

	Company
	Bluetooth anchor antenna configuration preference
	Technical Arguments

	Qualcomm
	Don’t know
	The proponents should bring the background/technical justification for this.

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	



Rapporteur comment:
Companies sees, regarding the Bluetooth anchor antenna configuration representation for AoD, a need for more background and technical justification.

For AoD UEB, there is a need to specify the Bluetooth anchor location. One option is to base this location information on the existing IE for representing the LPP WLAN AP location, but there are also other alternatives possible.
	Question 6: Do you agree that Bluetooth anchor location representation can be based on the LPP WLAN AP location IE?

	Company
	Yes/No
	Technical Arguments

	u-blox
	Yes
	The Bluetooth anchor location can be based on the LPP for WLAN APs. The orientation of the Bluetooth anchor point antenna must however also be included (azimuth, tilt, rotation) in addition to location coordinates (x,y,z).

	Qualcomm
	FFS
	We should also check what LPPe did (where this is already (partly) supported).

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	



Rapporteur comment:
The WLAN AP location representation can be considered for Bluetooth anchor location representation, while it has been advised to also consult LPPe.

The support for an enhanced Bluetooth AoA/AoD positioning will be associated to capabilities, which can be one capability in common for AoA and AoD or separated per AoA and AoD respectively. Furthermore, the Bluetooth positioning modes needs to be extended with a bit representing UE-based positioning.
	Question 7: Do you agree that Bluetooth AoA/AoD if agreed will be specified with separate capabilities for AoA and AoD, and with the introduction  of a bit representing the UE-based mode? 

	Company
	Yes/No
	Technical Arguments

	u-blox
	Yes
	UE for AoA and AoD work in different modes with specific capabilities.

	Qualcomm
	FFS
	Capabilities seems business as usual.

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	



Rapporteur comment:
Capabilities can be detailed once feature details have been agreed. Some support for separate capabilities for AoA and AoD.

The appendix provides a text proposal to realize the LPP enhancement of Bluetooth AoA/AoD positioning. Companies are invited with technical comments and questions related to the text proposal.
	Question 8: Technical comments and questions to the text proposal in the Appendix for the introduction of the LPP enhancement of Bluetooth AoA/AoD positioning. 

	Company
	Technical comments/questions

	Qualcomm
	More background/technical justification for this should be provided.

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	



Rapporteur comment:
Premature to discuss details.

In addition to the co-signing companies Ericsson, AT&T, Polaris Wireless, u-blox, T-Mobile of the TEI-18 contribution [1], do you support the introduction of the LPP enhancement for Bluetooth AoA/AoD positioning?
	Question 9: Do you support the introduction of the LPP enhancement for Bluetooth AoA/AoD positioning?

	Company
	Yes/No
	Technical Arguments

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	




Rapporteur comment:
Five companies supportive including network vendor, MNO and device chipset vendor.

From the comments, the following observations can be made:
More technical background needs to be provided 
· for characterizing AoA/AoD parameters
· for Bluetooth anchor antenna location, orientation and configuration representation
· by reviewing LPPe Bluetooth representation

Companies can be advised to consult [2] and [3] for technical details.
If the Bluetooth AoA/AoD enhancement for LPP is agreed, companies have an aligned view about 
· extending the Bluetooth positioning method parts of the LPP Location Information procedure to support Bluetooth AoA
· extending the Bluetooth positioning method parts of the LPP Assistance data procedure (UEA and UEB) and of the LPP Location information procedure (UEA) to support Bluetooth AoD 

and the following proposal
An agreed Bluetooth AoA/AoD enhancement can be based on
- extending the Bluetooth positioning method parts of the LPP Location Information procedure to support Bluetooth AoA
- extending the Bluetooth positioning method parts of the LPP Assistance data procedure (UEA and UEB) and of the LPP Location information procedure (UEA) to support Bluetooth AoD 
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	3/16	
Conclusion
1. More technical background needs to be provided 
· for characterizing AoA/AoD parameters
· for Bluetooth anchor antenna location, orientation and configuration representation
· by reviewing LPPe Bluetooth representation

Companies can be advised to consult [2] and [3] for technical details.
If the Bluetooth AoA/AoD enhancement for LPP is agreed, companies have an aligned view about 
· extending the Bluetooth positioning method parts of the LPP Location Information procedure to support Bluetooth AoA
· extending the Bluetooth positioning method parts of the LPP Assistance data procedure (UEA and UEB) and of the LPP Location information procedure (UEA) to support Bluetooth AoD 

and the following proposal
1. An agreed Bluetooth AoA/AoD enhancement can be based on
- extending the Bluetooth positioning method parts of the LPP Location Information procedure to support Bluetooth AoA
- extending the Bluetooth positioning method parts of the LPP Assistance data procedure (UEA and UEB) and of the LPP Location information procedure (UEA) to support Bluetooth AoD 




[bookmark: _In-sequence_SDU_delivery][bookmark: _Ref174151459][bookmark: _Ref189809556]


Appendix A Text Proposal for 37.355 V17.5.0

[bookmark: _Toc27765083][bookmark: _Toc37680740][bookmark: _Toc46486310][bookmark: _Toc52546655][bookmark: _Toc52547185][bookmark: _Toc52547715][bookmark: _Toc52548245][bookmark: _Toc139050780]2	References
[…]
[xx]	Bluetooth Special Interest Group: "Bluetooth Core Specification v5.4", February 2023.


[…]

[bookmark: _Toc124534618]6.5.7.1	Bluetooth Location Information
[bookmark: _Toc124534619]–	BT-ProvideLocationInformation
The IE BT-ProvideLocationInformation is used by the target device to provide measurements for one or more Bluetooth beacons to the location server. It may also be used to provide Bluetooth positioning specific error reason. 
-- ASN1START

BT-ProvideLocationInformation-r13 ::= SEQUENCE {
	bt-MeasurementInformation-r13		BT-MeasurementInformation-r13	OPTIONAL,
	bt-Error-r13						BT-Error-r13					OPTIONAL,
	... ,
	[[
	bt-AoA-Config-r18			BT-AoA-Config-r18	OPTIONAL,
	]]	
}

BT-AoA-Config-r18 ::= SEQUENCE {
	btAddr-r13				BIT STRING (SIZE (48)),
	advInterval-r18			INTEGER (32..16777),
	cteLength-r18			INTEGER (1..20)				OPTIONAL,
	cteCount-r18			INTEGER (1..16)				OPTIONAL,
	tx-PHY-r18				ENUMERATED {m1, m2}			OPTIONAL,
	...
}

-- ASN1STOP

	BT- ProvideLocationInformation field descriptions

	btAddr
This field specifies the Bluetooth address of the Bluetooth anchor [xx]. In case the device updates its address during an established LPP session, the device shall provide the new address as unsolicited location information to the server

	advInterval
This field specifies the Bluetooth advertisement periodicity with a scaling factor of 0.625 ms [xx]. This field represents the advertisement interval that the device will use. If the server has included a requested advertisement interval in RequestLocationInformation, then the device will use the nearest supported advertisement interval.

	cteLength
This field specifies the configured CTE length to be used by the device in number of 8us segments.

	[bookmark: _Hlk142481004]cteCount
This field specifies the number of Bluetooth packets that include a CTE that the device will transmit each periodic advertising. If the server has included a requested CTE count in RequestLocationInformation, then the device will use the nearest supported CTE count.

	tx-PHY-r18
This field specifies the Bluetooth TX PHY rate to be used, where m1 and m2 corresponds to 1 and 2 Megasymbols/s respectively 



[bookmark: _Toc124534620]6.5.7.2	Bluetooth Location Information Elements
[bookmark: _Toc124534621]–	BT-MeasurementInformation
-- ASN1START

BT-MeasurementInformation-r13 ::= SEQUENCE {
	measurementReferenceTime-r13		UTCTime						OPTIONAL,
	bt-MeasurementList-r13				BT-MeasurementList-r13		OPTIONAL,
	...,
	bt-MeasurementList-r18				BT-MeasurementList-r18		OPTIONAL,

}

BT-MeasurementList-r13 ::= SEQUENCE (SIZE(1..maxBT-Beacon-r13)) OF BT-MeasurementElement-r13


BT-MeasurementElement-r13 ::= SEQUENCE {
	btAddr-r13						BIT STRING (SIZE (48)),
	rssi-r13						INTEGER (-128..127)				OPTIONAL,
	...
}

BT-MeasurementList-r18 ::= SEQUENCE (SIZE(1..maxBT-Beacon-r18)) OF BT-MeasurementElement-r18	Comment by Ericsson: To be discussed at the meeting

BT-MeasurementElement-r18 ::= SEQUENCE {
	btAddr-r18						BIT STRING (SIZE (48)),
	btAoD-r18						FFS,
	bt-MeasurementPerAntList-r18	BT-MeasurementPerAntList-r18	OPTIONAL,
	rssi-r18						INTEGER (-128..127)				OPTIONAL,
	...
}

BT-MeasurementPerAntList-r18 ::= SEQUENCE (SIZE(1..maxBT-BeaconAnt-r18)) OF BT-MeasurementperAntElement-r18


BT-MeasurementPerAntElement-r18 ::= SEQUENCE {
	btAntId-r18						FFS,
	ant-rssi-r18					INTEGER (-128..127)				OPTIONAL,
	...
}


-- ASN1STOP

	BT-MeasurementInformation field descriptions

	measurementReferenceTime
This field provides the UTC time when the Bluetooth measurements are performed and should take the form of YYMMDDhhmmssZ.

	bt-MeasurementList
This field provides the Bluetooth measurements for up to 32 Bluetooth beacons.

	btAddr
This field specifies the Bluetooth public address of the Bluetooth beacon [25].

	rssi
This field provides the beacon received signal strength indicator (RSSI) in dBm.



[bookmark: _Toc124534622]6.5.7.3	Bluetooth Location Information Request
[bookmark: _Toc124534623]–	BT-RequestLocationInformation
The IE BT-RequestLocationInformation is used by the location server to request Bluetooth measurements from a target device.
-- ASN1START

BT-RequestLocationInformation-r13 ::= SEQUENCE {
	requestedMeasurements-r13	BIT STRING {	
											rssi		(0),
											aod-r18		(1),
											rsrp-r18	(2)} (SIZE(1..8)),
	...,
	[[
	bt-requestedAoA-Config-r18		BIT STRING {
											cteLength   (0),
											cteCount    (1)} (SIZE(1..8))	OPTIONAL,
	bt-providedAoA-Config-r18		BT-ProvidedAoA-Config-r18	OPTIONAL,
	]]
}

BT-ProvidedAoA-Config-r18 ::= SEQUENCE {
	cteStatus-r18			ENUMERATED {enabled, disabled}	OPTIONAL,
	advInterval-r18			INTEGER (32..16777)				OPTIONAL,
	cteLength-r18			INTEGER (1..20)					OPTIONAL,
	cteCount-r18			INTEGER (1..16)					OPTIONAL,
	tx-PHY-r18				ENUMERATED {m1, m2}				OPTIONAL,
	...
}



-- ASN1STOP

	BT-RequestLocationInformation field descriptions

	requestedMeasurements
This field specifies the Bluetooth measurements requested. This is represented by a bit string, with a one‑value at the bit position means the particular measurement is requested; a zero‑value means not requested. The following measurement requests can be included.

rssi: Bluetooth beacon signal strength at the target
aod: Estimated AoD per Bluetooth anchor antenna
ant-rssi: Estimated received signal power per Bluetooth anchor antenna

	bt-requestedAoA-Config
This field specifies the Bluetooth AoA configuration parameters requested. This is represented by a bit string, with a one‑value at the bit position means the particular measurement is requested; a zero‑value means not requested. The following measurement requests can be included.

advAddress: The Bluetooth advertisement address of the device
cteLength: The Bluetooth CTE length in number of 8us segments
cteCount: The number of Bluetooth packets that include a CTE transmitted each periodic advertising event

	cteStatus
This field specifies the Bluetooth AoA CTE status of the device, and is used by the location server to enable or disable transmission of the BLE CTE by the device for AoA estimation at BLE anchors
enabled: The Bluetooth CTE shall be enabled by the device
disabled: The Bluetooth CTE shall be disabled by the device

	advInterval
This field specifies the Bluetooth advertisement periodicity that the device is requested to use, scaling factor 0.625 ms [xx].

	cteLength
This field specifies the configured CTE length to be used by the device in number of 8us segments.

	cteCount
This field specifies the number of Bluetooth packets that include a CTE that zthe device is requested to transmit each periodic advertising event

	tx-PHY-r18
This field specifies the Bluetooth TX PHY rate to be used, where m1 and m2 corresponds to 1 and 2 Megasymbols/s respectively 




[bookmark: _Toc124534624]6.5.7.4	Bluetooth Capability Information
[bookmark: _Toc124534625]–	BT-ProvideCapabilities
The IE BT-ProvideCapabilites is used by the target device to provide its capabilities for Bluetooth positioning to the location server.
-- ASN1START

BT-ProvideCapabilities-r13 ::= SEQUENCE {
	bt-Modes-r13			BIT STRING {	standalone		(0),
										ue-assisted		(1),
										ue-based		(2)}	(SIZE (1..8)),
	bt-MeasSupported-r13	BIT STRING {	rssi-r13		(0)}	(SIZE (1..8)),
	...,
	[[
	idleStateForMeasurements-r14
							ENUMERATED {	required	}							OPTIONAL,
	periodicalReportingSupported-r14	
							PositioningModes										OPTIONAL
	]],
	[[	scheduledLocationRequestSupported-r17	ScheduledLocationTimeSupportPerMode-r17		OPTIONAL
	]] ,
	[[
	bt-AoA-Capability-r18			BT-AoA-Capability-r18	OPTIONAL, -- Cond AoAsup
	bt-AoD-Capability-r18			BT-AoD-Capability-r18	OPTIONAL -- Cond AoDsup
	]]
}

BT-AoA-Capability-r18 ::= SEQUENCE {
	bt-AoA-TXadrType-r18			ENUMERATED {public, random-static, random-private-resolvable},
	bt-TX-PHY-2M-r18				ENUMERATED {supported}	OPTIONAL,
	...
}

BT_AoD-Capability-r18 ::= SEQUENCE {
	bt-AoD-slotDuration-r18			ENUMERATED {us1, us2, both},
	bt-RX-PHY-2M-r18				ENUMERATED {supported}	OPTIONAL,
	...
}


-- ASN1STOP

	Conditional presence
	Explanation

	AoAsup
	The field is mandatory present if BT AoA is supported; otherwise it is not present.

	AoDsup
	The field is mandatory present if BT AoD is supported; otherwise it is not present.



	BT-ProvideCapabilities field descriptions

	bt-Modes
This field specifies the Bluetooth mode(s) supported by the target device. This is represented by a bit string, with a one value at the bit position means the Bluetooth mode is supported; a zero value means not supported.

	bt-MeasSupported
This field specifies the Bluetooth measurements supported by the target device. This is represented by a bit string, with a one‑value at the bit position means the particular measurement is supported; a zero‑value means not supported. A zero-value in all bit positions in the bit string means only the basic Bluetooth positioning method is supported by the target device which is reporting of the Bluetooth beacon identity. The following bits are assigned for the indicated measurements.

rssi:	Bluetooth beacon signal strength at the target device

	idleStateForMeasurements
This field, if present, indicates that the target device requires idle state to perform BT measurements.

	periodicalReportingSupported
This field, if present, specifies the positioning modes for which the target device supports periodicalReporting. This is represented by a bit string, with a one value at the bit position means periodicalReporting for the positioning mode is supported; a zero value means not supported. If this field is absent, the location server may assume that the target device does not support periodicalReporting in CommonIEsRequestLocationInformation.

	scheduledLocationRequestSupported
This field, if present, specifies the positioning modes for which the target device supports scheduled location requests – i.e., supports the IE ScheduledLocationTime in IE CommonIEsRequestLocationInformation – and the time base(s) supported for the scheduled location time for each positioning mode. If this field is absent, the target device does not support scheduled location requests.

	bt-AoA-TXadrType
This field specifies used TX address type in the advertisements
- public – the device Bluetooth MAC address
- random-static – a random, static address
- random-resolvable – a random address made resolvable for the location server

	bt-TX-PHY-2M
This field, if present, indicates that the device supports 2M PHY mode with 2 Msymbols/s transmission rate (1 Msymbols/s rate is mandatory)

	bt-AoD-slotDuration 
This field specifies which slot durations that are supported by the device, us1 (1 us), us2 (2 us) or both (both 1 us and 2 us). 

	bt-RX-PHY-2M
This field, if present, indicates that the device supports 2M PHY mode with 2 Msymbols/s reception rate (1 Msymbols/s rate is mandatory)



[bookmark: _Toc27765459][bookmark: _Toc37681162][bookmark: _Toc46486734][bookmark: _Toc52547079][bookmark: _Toc52547609][bookmark: _Toc52548139][bookmark: _Toc52548669][bookmark: _Toc124534626]6.5.7.5	Bluetooth Capability Information Request
[bookmark: _Toc27765460][bookmark: _Toc37681163][bookmark: _Toc46486735][bookmark: _Toc52547080][bookmark: _Toc52547610][bookmark: _Toc52548140][bookmark: _Toc52548670][bookmark: _Toc124534627]–	BT-RequestCapabilities
The IE BT-RequestCapabilities is used by the location server to request Bluetooth positioning capabilities from a target device.
-- ASN1START

BT-RequestCapabilities-r13 ::= SEQUENCE {
	...
}

-- ASN1STOP

[…]

[bookmark: _Toc27765142][bookmark: _Toc37680799][bookmark: _Toc46486369][bookmark: _Toc52546714][bookmark: _Toc52547244][bookmark: _Toc52547774][bookmark: _Toc52548304][bookmark: _Toc124534232]–	RequestAssistanceData
The RequestAssistanceData message body in a LPP message is used by the target device to request assistance data from the location server.
-- ASN1START

RequestAssistanceData ::= SEQUENCE {
	criticalExtensions		CHOICE {
		c1						CHOICE {
			requestAssistanceData-r9	RequestAssistanceData-r9-IEs,
			spare3 NULL, spare2 NULL, spare1 NULL
		},
		criticalExtensionsFuture	SEQUENCE {}
	}
}

RequestAssistanceData-r9-IEs ::= SEQUENCE {
	commonIEsRequestAssistanceData		CommonIEsRequestAssistanceData		OPTIONAL,
	a-gnss-RequestAssistanceData		A-GNSS-RequestAssistanceData		OPTIONAL,
	otdoa-RequestAssistanceData			OTDOA-RequestAssistanceData			OPTIONAL,
	epdu-RequestAssistanceData			EPDU-Sequence						OPTIONAL,
	...,
	[[	sensor-RequestAssistanceData-r14
										Sensor-RequestAssistanceData-r14	OPTIONAL,
		tbs-RequestAssistanceData-r14	TBS-RequestAssistanceData-r14		OPTIONAL,
		wlan-RequestAssistanceData-r14	WLAN-RequestAssistanceData-r14		OPTIONAL
	]],
	[[	nr-Multi-RTT-RequestAssistanceData-r16	NR-Multi-RTT-RequestAssistanceData-r16	OPTIONAL,
		nr-DL-AoD-RequestAssistanceData-r16		NR-DL-AoD-RequestAssistanceData-r16		OPTIONAL,
		nr-DL-TDOA-RequestAssistanceData-r16	NR-DL-TDOA-RequestAssistanceData-r16	OPTIONAL
	]],
	[[
		bt-RequestAssistanceData-r18	BT-RequestAssistanceData-r18		OPTIONAL
	]]
}

-- ASN1STOP

[bookmark: _Toc124534233]–	ProvideAssistanceData
The ProvideAssistanceData message body in a LPP message is used by the location server to provide assistance data to the target device either in response to a request from the target device or in an unsolicited manner.
-- ASN1START

ProvideAssistanceData ::= SEQUENCE {
	criticalExtensions		CHOICE {
		c1						CHOICE {
			provideAssistanceData-r9	ProvideAssistanceData-r9-IEs,
			spare3 NULL, spare2 NULL, spare1 NULL
		},
		criticalExtensionsFuture	SEQUENCE {}
	}
}

ProvideAssistanceData-r9-IEs ::= SEQUENCE {
	commonIEsProvideAssistanceData		CommonIEsProvideAssistanceData		OPTIONAL,	-- Need ON
	a-gnss-ProvideAssistanceData		A-GNSS-ProvideAssistanceData		OPTIONAL,	-- Need ON
	otdoa-ProvideAssistanceData			OTDOA-ProvideAssistanceData			OPTIONAL,	-- Need ON
	epdu-Provide-Assistance-Data		EPDU-Sequence						OPTIONAL,	-- Need ON
	...,
	[[
	sensor-ProvideAssistanceData-r14	Sensor-ProvideAssistanceData-r14	OPTIONAL,	-- Need ON
	tbs-ProvideAssistanceData-r14		TBS-ProvideAssistanceData-r14		OPTIONAL,	-- Need ON
	wlan-ProvideAssistanceData-r14		WLAN-ProvideAssistanceData-r14		OPTIONAL	-- Need ON
	]],
	[[	nr-Multi-RTT-ProvideAssistanceData-r16
										NR-Multi-RTT-ProvideAssistanceData-r16
																			OPTIONAL,	-- Need ON
		nr-DL-AoD-ProvideAssistanceData-r16
										NR-DL-AoD-ProvideAssistanceData-r16	OPTIONAL,	-- Need ON
		nr-DL-TDOA-ProvideAssistanceData-r16
										NR-DL-TDOA-ProvideAssistanceData-r16
																			OPTIONAL	-- Need ON
	]],
	[[
		bt-ProvideAssistanceData-r18		BT-ProvideAssistanceData-r18	OPTIONAL	-- Need ON
	]]


}

-- ASN1STOP


[…]
6.5.7.7	Bluetooth Assistance Data
–	BT-ProvideAssistanceData
The IE BT-ProvideAssistanceData is used by the location server to provide assistance data to enable UE‑based BT positioning. It may also be used to provide BT positioning specific error reason.
-- ASN1START

BT-ProvideAssistanceData-r18 ::= SEQUENCE {
	bt-DataSet-r14	SEQUENCE (SIZE (1..maxBT-DataSets-r18)) OF BT-DataSet-r18
																			OPTIONAL,	-- Need ON
	bt-Error-r18		BT-Error-r18										OPTIONAL,	-- Need ON
	...
}

-- ASN1STOP

	WLAN-ProvideAssistanceData field descriptions

	bt-DataSet
This field provides data for sets of Bluetooth anchors.

	bt-Error
This field provides error information and may be included when a Provide Assistance Data is sent in response to a Request Assistance Data. 



6.5.7.8	Bluetooth Assistance Data Elements
–	BT-DataSet
The IE BT-DataSet is used by the location server to provide Bluetooth anchor information for one set of Bluetooth anchors.
-- ASN1START

BT-DataSet-r18 ::= SEQUENCE {
	bt-anchor-List-r18				SEQUENCE (SIZE (1..maxBTanchor-r18)) OF BT-Anchor-Data-r18,
	...
}

BT-Anchor-Data-r18 ::= SEQUENCE {
	btAddr-r13				BIT STRING (SIZE (48)),
	bt-AoD-Data-r18			BT-AoD-Data-r18				OPTIONAL,
	bt-Anchor-Location-r18	BT-Anchor-Location-r18		OPTIONAL,	-- Need ON
	...
}

BT-AoD-Data-r18 ::= SEQUENCE {
	advInterval				INTEGER (0..16745),
	cteLength-r18			INTEGER (1..20)			OPTIONAL,
	cteCount-r18			INTEGER (1..16)			OPTIONAL,
	tx-PHY-r18				ENUMERATED {m1, m2}		OPTIONAL,
	bt-AntennaConfig-r18	BT-AntennaConfig-r18,
	...}

BT-AntennaConfig-r18 ::= SEQUENCE {
	FFS	Comment by Ericsson: To be discussed during the meeting
	...
}


BT-AP-Location-r18 ::= SEQUENCE {
	locationDataLCI-r18					LocationDataLCI-r18,
	...
}

LocationDataLCI-r18 ::= SEQUENCE {	Comment by Ericsson: To be discussed at the meeting. This is the same as used IE WLAN-AP-DataI. Or should some other existing IE be used on the defined LocationDataLCI?
	latitudeUncertainty-r18				BIT STRING (SIZE (6)),
	latitude-r18						BIT STRING (SIZE (34)),
	longitudeUncertainty-r18			BIT STRING (SIZE (6)),
	longitude-r18						BIT STRING (SIZE (34)),
	altitudeUncertainty-r18				BIT STRING (SIZE (6))		OPTIONAL,	-- Need ON
	altitude-r18						BIT STRING (SIZE (30))		OPTIONAL,	-- Need ON
	datum-r18							BIT STRING (SIZE (8)),
	...
}


-- ASN1STOP

	BT-DataSet field descriptions

	bt-Anchor-List
This field provides information for Bluetooth anchors in the data set.

	bt-Anchor-List
This field provides information for Bluetooth anchors in the data set.

	

	cteLength
This field specifies the configured CTE length to be used by the anchor in number of 8us segments.

	cteCount
This field specifies the number of Bluetooth packets that include a CTE that are transmitted each periodic advertising event

	tx-PHY-r18
This field specifies the Bluetooth TX PHY rate used, where m1 and m2 corresponds to 1 and 2 Megasymbols/s respectively 

	bt-AP-Location

-	locationDataLCI
This field provides the location of the Bluetooth anchor in the form of Location Configuration Information (LCI) defined in [27] and includes the following subfields:
latitudeUncertainty:	6-bits quantifying the amount of uncertainty in latitude. A value of 0 is reserved to indicate that the uncertainty is unknown; values greater than 34 are reserved. Its relation with the corresponding value in degrees is expressed with the following formula:
latitudeUncertainty = 8 - ceil(log2(uncertainty in degrees))
latitude:	A 34-bits fixed point value consisting of 9-bits of integer and 25-bits of fraction indicating the Latitude (+/- 90 degrees) of the AP.
longitudeUncertainty:	6-bits quantifying the amount of uncertainty in longitude. A value of 0 is reserved to indicate that the uncertainty is unknown; values greater than 34 are reserved. Its relation with the corresponding value in degrees is expressed with the following formula:
longitudeUncertainty = 8 - ceil(log2(uncertainty in degrees))
longitude:	A 34-bits fixed point value consisting of 9-bits of integer and 25-bits of fraction indicating the Longitude (+/- 180 degrees) of the AP.
altitudeUncertainty:	6-bits value quantifying the amount of uncertainty in the altitude value. A value of 0 is reserved to indicate that the uncertainty is unknown; values greater than 30 are reserved. Its relation with the corresponding value in metres is expressed with the following formula:
altitudeUncertainty = 21 - ceil(log2( uncertainty in metres))
altitude:	A 30-bit fixed point value consisting of 22-bits of integer and 8-bits of fraction indicating the altitude of the AP in metres.
datum:	8-bits indicating the map datum used for the coordinates. Defined codes are:
Bit 1: World Geodetic System 1984 (WGS-84)
Bit 2: North American Datum 1983 (NAD-83) with North American Vertical Datum 1988 (NAVD-88)
Bit 3: North American Datum 1983 (NAD-83) with Mean Lower Low Water (MLLW) vertical datum. 
Bits 4 – 8 are reserved.




6.5.7.9	Bluetooth Assistance Data Request
–	BT-RequestAssistanceData
The IE BT-RequestAssistanceData is used by the target device to request BT assistance data from a location server.
-- ASN1START

BT-RequestAssistanceData-r18 ::= SEQUENCE {
	requestedAD-r18			BIT STRING {	aod-config		(0),
											anchor-location			(1)}	(SIZE (1..8)),
	...
}

-- ASN1STOP

	BT-RequestAssistanceData field descriptions

	requestedAD
This field specifies the Bluetooth assistance data requested. This is represented by a bit string, with a one-value at the bit position means the particular assistance data is requested; a zero-value means not requested. The following assistance data types are included:

aod-config: Bluetooth anchor AoD configuration
anchor-location: Bluetooth anchor location information






