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1	Introduction
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. 
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.
This paper describes the LPP updates needed to introduce support for Bluetooth AoA/AoD. 
2	Discussion
Bluetooth introduced support for AoA/AoD in 5.1 released January 2019. It is based on a signal extension Continuous Tone Extension (CTE) that can be configured together with periodic advertisements. Two modes are described:
· AoA with a single antenna device transmitter and multiple antenna receivers, where the device is configured to transmit the periodic advertisement signal and the receivers are estimating the incoming AoA. This is similar to the NR UL-AoA positioning method in LPP.
· AoD with a single antenna device receiver and multiple antenna beacon transmitters, where the transmitter will beam sweep periodic advertisement transmissions received by the device to estimate the outgoing AoD from the beacon transmitters. This is similar to NR DL-AoD positioning method in LPP.

Furthermore, the configuration of the receiver and transmitter can be managed via a connection-oriented scenarios based on communication, but also via connectionless scenarios, where each end is configured via a host controller interface.

The connectionless scenarios may be naturally transferred to LPP, where LPP can configure the device for AoA/AoD operation.

The Bluetooth AoA/AoD enhancement for connectionless scenarios are natural to include in LPP Bluetooth positioning as enhancements

2.1 AoA
AoA is associated to connectionless advertising, and Appendix A provides a detailed discussion with references to the Bluetooth core specification [2] about which parameters that are relevant to report and configure between the device and location server: 
· 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.
· Advertisement interval for primary channel 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
· Periodic advertising interval between AUX_SYNC_IND transmissions on secondary advertisement channels, can be configured from 7.5ms to about 82s.
· TX power between -127 to 20 dBm, regulatory as well as device implementation limitations apply. 

The CTE for AoA can be configured with the following parameters
· CTE length in 8us steps, 1-20 steps corresponding to 8us to 160us
· CTE Type, which is AoA in this case
· CTE Count specifies how many packets with a CTE transmitted each periodic advertising event
· PHY, which can be either 1 Msymbols/s (mandatory) or 2 Msymbols/s (optional)

Figure 1 illustrates the meaning of the primary channel advertising interval, the periodic advertising interval on the secondary channels, the CTE length and CTE count.
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[bookmark: _Ref146535347]Figure 1. Illustration of the primary channel advertising interval, the periodic advertising interval on the secondary channels, the CTE length and CTE count.


[bookmark: _Hlk146485960]For AoA, LPP needs to be extended with Bluetooth advertisement address, primary channel advertisement interval and secondary channel periodic advertising interval and CTE configuration information of CTE length, CTE count and PHY type.

2.2 AoD
AoD is associated to connectionless scanning, and Appendix B provides a detailed discussion with references to the Bluetooth core specification [2] about which parameters that are relevant for the server to provide to the device as assistance data: 

· BLE beacon 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 AoD, the UE needs the address of the Bluetooth beacon (already in LPP)
The device can retrieve advertisement and CTE configurations from the Bluetooth beacon transmission itself, or can be provided as part of the assistance data:
· Advertisement interval for primary channel can be configured from 20ms to about 10s. 
· Periodic advertising interval between AUX_SYNC_IND transmissions on secondary advertisement channels, can be configured from 7.5ms to about 82s.
· CTE Length in 8us steps, 1-20 steps corresponding to 8us to 160us
· CTE Type AoD 1 us slot duration or AoD 2us slot duration
· CTE Count - specifies how many packets that include a CTE are to be transmitted each periodic advertising event
· PHY, which can be either 1 Msymbols/s (mandatory) or 2 Msymbols/s (optional)

The beacon is configured with two or more antenna elements in an antenna array. In [3], there are some examples of BLE antenna arrays, all with elements in the same plane as illustrated by Figure 2, where the axis ordering has been changed to the 3GPP representations of antennas [5] with z upwards, y to the right and x towards an observer facing the antenna from the front.
[image: ]
[bookmark: _Ref146277069]Figure 2. Examples of antenna design [3].
Such structured antenna arrays can be compactly represented by parameters. A generic representation is also a list of coordinates in a plane relative to a reference point.

The antenna elements are defined in a local coordinate system (LCS) which is translated to a global coordinate system (GCS) by a triplet of angles as a translation. The antenna location is defined in the same way as NR antennas with a reference point and then offsets to the individual antenna elements in LCS. Furthermore, each antenna element is associated to an order index in the antenna element list and an ID.

[bookmark: _Hlk146281276]The AoD Bluetooth beacon antenna information can be based on parts of NR antenna information for positioning.
Transmissions over the antenna elements in the antenna array are in a configured order – the antenna switching pattern. This switching pattern lists provides ordered antenna element indices. Figure 3 illustrates the relation between the configured CTE length and CTE type, and the resulting antenna sample slots. Antenna element for the transmission in the first sample slot is defined by the first index in the antenna switching pattern etc. 

According to [2], Section 5,1:
“If the pattern specified by the Host is exhausted before the last sample slot, it
shall be restarted from the beginning (this can happen more than once); that is,
the first antenna in the pattern is used in the sample slot following that used for
the last antenna in the pattern. If the pattern has not been completely used by
the end of the Constant Tone Extension, any remaining terms shall be ignored.”

For CTE type AoD 1 us, the number of sample slots can be up to 74 in length, and for CTE type AoD 2us up to 37. For example, with a CTE length of 4 (32us), there will be 10 sample slots and 10 switch slots. A case with 10 antenna elements and a switching pattern with all antennas in sequence will fill up these sample slots, while another case with five antenna elements and a switching pattern with all antennas in sequence will be repeated twice.
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[bookmark: _Ref146293601]Figure 3. AoD CTE configuration [3]

[bookmark: _Hlk146485828]For AoD, there is therefore a need to configure Bluetooth beacon location information, beacon antenna array and antenna switching pattern configuration, and beacon advertising and CTE configurations.

For AoD LPP needs to be extended with Bluetooth beacon location information, beacon antenna array and antenna switching pattern configuration, and beacon advertising and CTE configurations.

2.3 AoA and AoD configuring procedures
AoA can support UE-assisted positioning, while AoD can support both UE-assisted and UE-based positioning. Therefore
· AoA needs to be configured via the LPP Location Information procedure
· RequestLocationInformation to enable location server to request device AoA configuration and also to allow the location server to provide the AoA configuration to the device
· ProvideLocationInformation to enable the device to provide its AoA configuration to the location server
· AoD needs to be configured via LPP Assistance Data procedure and for UEA also via LPP Location Information procedure
· RequestAssistanceData to enable the device to request AD for AoD from the location server
· ProvideAssistanceData to enable the location server to provide AD for AoD to the device to facilitate AoD estimation and UEB positioning
· RequestLocationInformation to enable the location server to request estimated AoD from the device in case of UEA positioning
· ProvideLocationInformation to enable the device to provide estimated AoD to the location server in case of UEA positioning

For AoA/AoD support, both LPP Location Information and Assistance Data procedures need to be updated.
Based on the discussion, we have the following proposals

[bookmark: _Toc142627854]Discuss and agree to introduce support for Bluetooth AoA/AoD positioning in the LPP Bluetooth positioning method
[bookmark: _Toc142627855]Endorse the draft CR in the Appendix
Conclusion
Based on the discussion in the previous sections we make the following observations:
Observation 1	The Bluetooth AoA/AoD enhancement for connectionless scenarios are natural to include in LPP Bluetooth positioning as enhancements
Observation 2	For AoA, LPP needs to be extended with Bluetooth advertisement address, primary channel advertisement interval and secondary channel periodic advertising interval and CTE configuration information of CTE length, CTE count and PHY type.
Observation 3	The AoD Bluetooth beacon antenna information can be based on parts of NR antenna information for positioning.
Observation 4	For AoD LPP needs to be extended with Bluetooth beacon location information, beacon antenna array and antenna switching pattern configuration, and beacon advertising and CTE configurations.
Observation 5	For AoA/AoD support, both LPP Location Information and Assistance Data procedures need to be updated

and propose the following:
Proposal 1	Discuss and agree to introduce support for Bluetooth AoA/AoD positioning in the LPP Bluetooth positioning method
Proposal 2	Endorse the draft CR in the Appendix
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Appendix A Detailed Bluetooth Core Specification references for AoA

The connectionless periodic advertisement Host Controller Interface (HCI) signalling chart for AoA/AoD is provided in [2] and in Figure 4. For AoA, it is the advertisement configuration reporting and/or adaption that are the key components 
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[bookmark: _Ref146479198]Figure 4. Connectionless periodic advertisment procedure for AoA/AoD [2]
The procedure is based on a number of host controller commands to the link layer to configure the periodic advertisements. Once configured, the link layer transmits advertisements ADV_EXT_IND on the primary advertisement channel, followed by an advertisement AUX_ADV_IND on the secondary advertisement channel to provide configuration of the AUX_SYNC_IND which includes the CTE as illustrated by Figure 5 from [3]. The AUX_SYNC_IND is sent periodically with a configurable fixed interval. In addition, it is possible to transmit a configurable amount of additional data units AUX_CHAIN_IND directly after the AUX_SYNC_IND as illustrated by Figure 6 from [4].
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[bookmark: _Ref146479260]Figure 5. Periodic advertisments over primary and secondary channels [3]
[image: Periodic Advertisements in Bluetooth 5 using Extended Advertisements]
[bookmark: _Ref146479312]Figure 6. Periodic advertising events from the same advertisment set [4]
Figure 7 illustrates the meaning of the primary channel advertising interval, the periodic advertising interval on the secondary channels, the CTE length and CTE count.
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[bookmark: _Ref146479386][bookmark: _Hlk146479460]Figure 7. Illustration of the primary channel advertising interval, the periodic advertising interval on the secondary channels, the CTE length and CTE count.

The configurable parameters per HCI command in Figure 4 are analyzed in the following subsections
A.1 LE set extended advertising parameters command
The configurable parameters are defined in [1], Section 7.8.53.

	Command parameter
	Comment

	Advertising_Handle
	Identifies the advertising set whose parameters are being configured. Maintained by the host, not needed to be configured via LPP.

	Advertising_Event_Properties
	Describes the type of advertising event that is being configured and its basic properties. The host decides these parameters. 

	Primary_Advertising_Interval_Min
	The Primary_Advertising_Interval_Min parameter shall be less than or equal to the Primary_Advertising_Interval_Max parameter. The Primary_Advertising_Interval_Min and Primary_Advertising_Interval_Max parameters should not be the same value so that the Controller can choose the best advertising interval given other activities. Hence, the host can set the min and max value based on a requested primary advertisment interval provided via LPP.

Maximum advertising interval for undirected and low duty cycle directed advertising.
Range: 0x000020 to 0xFFFFFF
Time = N * 0.625 ms
Time Range: 20 ms to 10,485.759375 s

	Primary_Advertising_Interval_Max
	See Primary_Advertising_Interval_Min

	Primary_Advertising_Channel_Map
	A bit field that indicates the advertising channels that shall be used when transmitting advertising packets. At least one channel bit shall be set in the Primary_Advertising_Channel_Map parameter. The host can decide, no need to configure via LPP.

	Own_Address_Type
	Specifies the type of address being used in the advertising packets. For random addresses, the address is specified by the HCI_LE_Set_Advertising_Set_Random_Address command. The type could be configured over LPP. 

0x00 Public Device Address
0x01 Random Device Address
0x02 Controller generates the Resolvable Private Address based on the local IRK from the resolving list. If the resolving list contains no matching entry, use the public address.
0x03 Controller generates the Resolvable Private Address based on the local IRK from the resolving list. If the resolving list contains no matching entry, use the random address from LE_Set_Advertising_Set_Random_Address.

	Peer_Address_Type
	Peer address for directed advertising. Not needed for AoA/AoD, unless host indentifies a need for it. Not needed to be configured via LPP. 

	Peer_Address
	See Peer_Address_Type

	Advertising_Filter_Policy,
	Scanning policies in relation to an allowed list. Not relevant for AoA or AoD with respect to advertisments.

	Advertising_Tx_Power
	Indicates the maximum power level at which the advertising packets are to be transmitted on the advertising physical channels. The Controller shall choose a power level lower than or equal to the one specified by the Host. Can be configured by location server to device, or reported by device to location server via LPP.

Size: 1 octet (signed integer)
Range: -127 to +20
Units: dBm

	Primary_Advertising_PHY
	The Primary_Advertising_PHY parameter indicates the PHY on which the advertising packets are transmitted on the primary advertising physical channel. Can be LE 1 Msymbol/s or LE Coded, but only LE 1 Msymbol/s supports AoA (see [2], Vol 6, Part B, 2. AIR INTERFACE PACKETS - CTE is only specified for uncoded PHY).

	Secondary_Advertising_Max_Skip
	The Secondary_Advertising_Max_Skip parameter is the maximum number of advertising events that can be skipped before the AUX_ADV_IND can be sent. The host can decide, no need to configure via LPP.

	Secondary_Advertising_PHY,
	The Secondary_Advertising_PHY parameter indicates the PHY on which the advertising packets are transmitted on the primary advertising physical channel. Can be configured via LPP. Only LE 1M (mandatory) or LE 2M (optional) supports AoA. 

0x01 Secondary advertisement PHY is LE 1M
0x02 Secondary advertisement PHY is LE 2M
0x03 Secondary advertisement PHY is LE Coded

	Advertising_SID
	The Advertising_SID parameter specifies the value to be transmitted in the Advertising SID subfield of the ADI field of the Extended Header of those advertising physical channel PDUs that have an ADI field. If the advertising set only uses PDUs that do not contain an ADI field, Advertising_SID shall be ignored. The host can decide, no need to configure via LPP.

	Scan_Request_Notification_Enable
	The Scan_Request_Notification_Enable parameter indicates whether the Controller shall send notifications upon the receipt of a scan request PDU that is in response to an advertisement from the specified advertising set that contains its device address and is from a scanner that is allowed by the advertising filter policy. Not relevant for AoA with respect to advertisments.



A.2 LE Set Periodic Advertising Parameters command
The configurable parameters are defined in [1], Section 7.8.61.

	Command parameter
	Comment

	Advertising_Handle
	Identifies the advertising set whose periodic advertising parameters are being configured. Maintained by the host, not needed to be configured via LPP.

	Periodic_Advertising_Interval_Min
	The Periodic_Advertising_Interval_Min parameter shall be less than or equal to the Periodic_Advertising_Interval_Max parameter. The Periodic_Advertising_Interval_Min and Periodic_Advertising_Interval_Max parameters should not be the same value to enable the Controller to determine the best advertising interval given other activities. Hence, the host can set the min and max value based on a requested periodic advertisment interval provided via LPP.

Minimum advertising interval for periodic advertising.
Range: 0x0006 to 0xFFFF
Time = N * 1.25 ms
Time Range: 7.5ms to 81.91875 s

	Periodic_Advertising_Interval_Max
	See Periodic_Advertising_Interval_Min

	Periodic_Advertising_Properties
	The Periodic_Advertising_Properties parameter indicates which fields should be included in the advertising packet. Maintained by the host, not needed to be configured via LPP.

Bit no 6 Include TxPower in the advertising PDU
All other bits Reserved for future use



A.3 LE Set Connectionless CTE Transmit Parameters command
The configurable parameters are defined in [1], Section 7.8.80.

	Command parameter
	Comment

	Advertising_Handle
	Identifies the advertising set whose periodic advertising parameters are being configured. Maintained by the host, not needed to be configured via LPP.

	CTE_Length
	The CTE_Count parameter specifies how many packets with a Constant Tone
Extension are to be transmitted in each periodic advertising event. If the number of packets that would otherwise be transmitted is less than this, the Controller shall transmit sufficient AUX_CHAIN_IND PDUs with no AdvData to make up the number. However, if a change in circumstances since this command was issued means that the Controller can no longer schedule all of these packets, it should transmit as many as possible. Can be configured via LPP.

0x02 to 0x14 Constant Tone Extension length in 8 μs units, corresponding to 16 to 160 μs

	CTE_Type
	CTE Type. Only one option for AoA.

0x00 AoA Constant Tone Extension
0x01 AoD Constant Tone Extension with 1 μs slots
0x02 AoD Constant Tone Extension with 2 μs slots

	CTE_Count
	The CTE_Count parameter specifies how many packets with a Constant Tone Extension are to be transmitted in each periodic advertising event. Can be configured via LPP.

Range: 0x01 to 0x10 corresponding to 1 to 16.

	Length_of_Switching_Pattern
	The Length_of_Switching_Pattern and Antenna_IDs[i] parameters are only used when transmitting an AoD Constant Tone Extension and shall be ignored when transmitting an AoA Constant Tone Extension. Configured by the host in case of AoD.

0x02 to 0x4B The number of Antenna IDs in the pattern corresponding to 2 to 75.

	Antenna_IDs[i]
	The Length_of_Switching_Pattern and Antenna_IDs[i] parameters are only used when transmitting an AoD Constant Tone Extension and shall be ignored when transmitting an AoA Constant Tone Extension. Configured by the host in case of AoD.

List of Antenna IDs in the pattern, one octet per antenna ID, Length_of_Switching_Pattern elements in the list



A.4 LE Set Connectionless CTE Transmit Enable command
The configurable parameters are defined in [1], Section 7.8.81.

	Command parameter
	Comment

	Advertising_Handle
	Identifies the advertising set whose periodic advertising parameters are being configured. Maintained by the host, not needed to be configured via LPP.

	CTE_Enable
	The HCI_LE_Set_Connectionless_CTE_Transmit_Enable command is used to request that the Controller enables or disables the use of Constant Tone Extensions in any periodic advertising on the advertising set identified by Advertising_Handle.

The host controls advertisment and CTE enablement per se, but the enablement and disablement of the BLE transmission per se can be controlled via LPP in case of AoA.   



A.5 LE Set Periodic Advertising Enable command
The configurable parameters are defined in [1], Section 7.8.63.

	Command parameter
	Comment

	Enable
	The HCI_LE_Set_Periodic_Advertising_Enable command is used to request the Controller to enable or disable the periodic advertising for the advertising set specified by the Advertising_Handle parameter (ordinary advertising is not
affected).

The host controls advertisment and CTE enablement per se, but the enablement and disablement of the BLE transmission per se can be controlled via LPP in case of AoA.

	Advertisment_Handle
	Identifies the advertising set whose periodic advertising parameters are being configured. Maintained by the host, not needed to be configured via LPP.



A.6 LE Set Extended Advertising Enable command
The configurable parameters are defined in [1], Section 7.8.56 to define advertisement sets. 

	Command parameter
	Comment

	Enable
	Not relevant for AoA

	Number_of_Sets
	Not relevant for AoA

	Advertising_Handle[i]
	Not relevant for AoA

	Duration[i]
	Not relevant for AoA

	Max_Extended_Advertising_Events[i]
	Not relevant for AoA

	
	



A.7 LE Set Periodic Advertising Data command
The configurable parameters are defined in [1], Section 7.8.62.

	Command parameter
	Comment

	Advertising_Handle
	Not relevant for AoA

	Operation
	Not relevant for AoA

	Advertising_Data_Length
	Not relevant for AoA

	Advertising_Data
	Tag or host to decide what data to send – could be sensor data or similar, or management of the tag, not management of the positioning of the tag. Not relevant for AoA



Appendix B Detailed Bluetooth Core Specification references for AoD
The connectionless periodic scanning Host Controller Interface (HCI) signalling chart for AoA/AoD is provided in [2]. For AoD, it is the scanning configuration support that is the key component to configure the UE to match how the BLE beacons have been configured. 

[image: ]
Figure 8. Connectionless scanning procedure for AoA/AoD [2]

B.1 LE Set Extended Scan Parameters
The configurable parameters are defined in [1], Section 7.8.64.

	Command parameter
	Comment

	Own_Address_Type
	Indicates the type of address being used in the scan request packets. Not relevant for AoD, no scan request needs to be sent, so no need to configure in LPP.

	Scanning_Filter_Policy
	0x00 Accept all advertising and scan response PDUs except directed advertising PDUs not addressed to this device
0x01 Accept only advertising and scan response PDUs from devices where the advertiser’s address is in the White List. Directed advertising PDUs which are not addressed to this device shall be ignored.
0x02 Accept all advertising and scan response PDUs except directed advertising PDUs where the initiator’s identity address does not address this device.
Note: Directed advertising PDUs where the initiator’s address is a
resolvable private address that cannot be resolved are also accepted.
0x03 Accept all advertising and scan response PDUs except:
• advertising and scan response PDUs where the advertiser’s identity address is not in the White List; and
• directed advertising PDUs where the initiator’s identity address does not address this device
Note: Directed advertising PDUs where the initiator’s address is a
resolvable private address that cannot be resolved are also accepted.

A reasonable first approach is to only support 0x00, and hence no need to configure via LPP.

	Scanning_PHYs,
	Indicates the PHY(s) on which the advertising packets should be received on the primary advertising physical channel.

0 Scan advertisements on the LE 1M PHY
2 Scan advertisements on the LE Coded PHY

Coded PHY is not supported for AoD so LE 1M PHY is the only possibility. No need to configured via LPP.

	Scan_Type[i]
	Specifies the type of scan to perform, passive or active (scan request PDU may be sent). AoD will use passive scan, so not needed to specify in LPP.

	Scan_Interval[i]
	Recommendations from the Host on how frequently the Controller should scan on the primary advertisment channel. Chould be provided via LPP, but more naturally implementation specific.

Time = N * 0.625 ms
Time Range: 2.5 ms to 40.959375 s

	Scan_Window[i]
	Recommendations from the Host on how long the Controller should scan on the primary advertisment channel. Chould be provided via LPP to facilitate for the device.

Time = N * 0.625 ms
Time Range: 2.5 ms to 40.959375 s



The scan window and interval are configured by the host based on information about periodic advertisements.
B.2 LE Set Extended Scan Enable
The configurable parameters are defined in [1], Section 7.8.65.

	Command parameter
	Comment

	Enable
	Determines whether scanning is enabled or disabled. Realistically implementation specific, so no need to configure via LPP.

	Filter_Duplicates
	Parameter controls whether the Link Layer should filter out duplicate advertising reports (filtering duplicates enabled) to the Host or if the Link Layer should generate advertising reports for each packet received (filtering duplicates disabled). Realistically implementation specific, so no need to configure via LPP.

	Duration
	The duration of a scan period refers to the time spent scanning on both the primary and secondary advertising physical channels. Can be implementation specific, since relevant information can be received from the advertisment. No need to configure via LPP.

	Period
	The duration of a scan period refers to the time spent scanning on both the primary and secondary advertising physical channels. Can be implementation specific, since relevant information can be received from the advertisment. No need to configure via LPP.




B.3 LE LE Periodic Advertisement Create Sync
The configurable parameters are defined in [1], Section 7.8.67.

	Command parameter
	Comment

	Options
	0: Use the Advertising_SID, Advertisier_Address_Type, and Advertiser_
Address parameters to determine which advertiser to listen to.
1: Use the Periodic Advertiser List to determine which advertiser to listen to.

	Advertising_SID
	Specifies the value that must match the Advertising SID subfield in the ADI field of the received advertisement for it to be used to synchronize.

	Advertiser_Address_Type
	Specify the advertiser address type

	Advertiser_Address
	Specify the advertiser address

	Skip
	specifies the maximum number of consecutive periodic advertising events that the receiver may skip after successfully receiving a
periodic advertising packet.

	Sync_Timeout
	Specifies the maximum permitted time between successful receives. If this time is exceeded, synchronization is lost. Can be implementation specific, no need to configure via LPP.

	Sync_CTE_Type
	0 Do not sync to packets with an AoA Constant Tone Extension
1 Do not sync to packets with an AoD Constant Tone Extension with 1 μs slots
2 Do not sync to packets with an AoD Constant Tone Extension with 2 μs slots
3 Do not sync to packets with a type 3 Constant Tone Extension (currently reserved for future use)
4 Do not sync to packets without a Constant Tone Extension

The CTE type is indicated in the advertisment message, What CTEs to sync to can be impllementation specific and no need to configure via LPP.


Appendix C Text Proposal for 37.355 V17.5.0
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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

[…]
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[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 or to provide Bluetooth AoA configuration of the target device. 
-- 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)),
	primaryAdvInterval-r18	INTEGER (32..16777)			OPTIONAL,
	secondAdvInterval-r18	INTEGER (6..65535)			OPTIONAL,
	txPower-r18				INTEGER (-127..20)			OPTIONAL,
	cteLength-r18			INTEGER (1..20)				OPTIONAL,
	cteCount-r18			INTEGER (1..16)				OPTIONAL,
	tx-PHY-M2-r18			NULL						OPTIONAL,
	...
}

-- ASN1STOP

	BT- ProvideLocationInformation field descriptions

	btAddr
This field specifies the Bluetooth address of the Bluetooth beacona [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

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

	secondAdvInterval
This field specifies the Bluetooth periodic advertising interval on secondary advertisement channels that the device is requested to use, scaling factor 0.625 ms [xx].

	txPower
This field specifies the Bluetooth advertising TX power in dBm.

	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-M2
This field, if present, indicates that Bluetooth TX PHY 2 Megasymbols/s shall be used for AoA, otherwise Bluetooth TX PHY 1 Megasymbols/s shall be used,
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-- 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

BT-MeasurementElement-r18 ::= SEQUENCE {
	btAddr-r18						BIT STRING (SIZE (48)),
	bt-azimuth-r18					INTEGER (0..359),
	bt-elevation-r18				INTEGER (0..180)				OPTIONAL,	-- Need ON
	bt-MeasurementPerAntList-r18	BT-MeasurementPerAntList-r18	OPTIONAL,
	rssi-r18						INTEGER (-128..127)				OPTIONAL,
	...
}

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


BT-MeasurementPerAntElement-r18 ::= SEQUENCE {
	antElementIndexShort-r18		INTEGER (1..16),
	antElementIndexOffset-r18		ENUMERATED (o16, o32, o48, o64)	OPTIONAL,
	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, ant-rssi
This field provides the beacon received signal strength indicator (RSSI) in dBm.

	bt-aximuth
This field represents the estimated AoD azimuth in GCD relative the Bluetooth beacon reference position.

	bt-elevation
This field represents the estimated AoD elevation in GCD relative the Bluetooth beacon reference position.



[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 or request/provide AoA configuration from/to 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 {
											aoa-advConfig   (0),
											aoa-cteConfig    (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,
	primaryAdvInterval-r18	INTEGER (32..16777)				OPTIONAL,
	secondAdvInterval-r18	INTEGER (6..65535)				OPTIONAL,
	txPower-r18				
	cteLength-r18			INTEGER (1..20)					OPTIONAL,
	cteCount-r18			INTEGER (1..16)					OPTIONAL,
	tx-PHY-M2-r18			NULL							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 beacon 
ant-rssi: Estimated received signal power per Bluetooth beacon 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.

aoa-advConfig: The Bluetooth advertisement address and periodic intervals of the device
aoa-cteConfig: The configured CTE length, count and PHY

	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

enabled: The Bluetooth CTE shall be enabled by the device
disabled: The Bluetooth CTE shall be disabled by the device

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

	secondAdvInterval
This field specifies the Bluetooth periodic advertising interval on secondary advertisement channels that the device is requested to use, scaling factor 0.625 ms [xx].

	txPower
This field specifies the Bluetooth advertising TX power in dBm that the device is requested to use [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-M2
This field, if present, indicates that Bluetooth TX PHY 2 Megasymbols/s shall be used for AoA, otherwise Bluetooth TX PHY 1 Megasymbols/s shall be used,
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[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)
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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

6.5.7.6	Bluetooth Assistance Data
–	BT-ProvideAssistanceData
The IE BT-ProvideAssistanceData is used by the location server to provide assistance data to enable UE‑based and UE-assisted AoD positioning. It may also be used to provide Bluetooth positioning specific error reasons.
-- ASN1START

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

-- ASN1STOP

	BT-ProvideAssistanceData field descriptions

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

	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. 



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

BT-DataSet-r18 ::= SEQUENCE {
	bt-beacon-List-r18				SEQUENCE (SIZE (1..maxBTbeacon-r18)) OF BT-Beacon-Data-r18,
	...
}

BT-Beacon-Data-r18 ::= SEQUENCE {
	btAddr-r18							BIT STRING (SIZE (48)),
	referencePoint-r18					ReferencePoint-r16,	
	lcs-GCS-TranslationParameter-r18	LCS-GCS-TranslationParameter-r16,
	antElementList-r18					SEQUENCE (SIZE (2..maxBT-BeaconAntElt-r18)) OF 
									AntElement-r18,
	antArrayConfig-r18					AntArrayConfig-r18,
	bt-AoD-Data-r18						BT-AoD-Data-r18						OPTIONAL,
	antSwitchingPattern-r18 				SEQUENCE (SIZE (2..maxBT-BeaconAntElt-r18)) OF
									AntSwitchElement-r18					OPTIONAL,
	...
}

AntElement-r18 ::= SEQUENCE {
	polarization-r18				ENUMERATED (m45, zero, p45, p90, circ),
	...
}

AntArrayConfig-r18 ::= CHOICE {
	Bt-ula-Linear-r18				BT-ULA-Linear-r18,
	bt-ula-Rectangular-r18			BT-ULA-Rectangular-r18,
	bt-ula-Circular-r18				BT-ULA-Circular-r18,
	bt-genericArray-r18				BT-GenericArray-r18
}

BT-AoD-Data-r18 ::= SEQUENCE {
	primaryAdvInterval-r18	INTEGER (32..16777)		OPTIONAL,
	secondAdvInterval-r18	INTEGER (6..65535)		OPTIONAL,
	cteLength-r18			INTEGER (1..20)			OPTIONAL,
	cteCount-r18			INTEGER (1..16)			OPTIONAL,
	tx-PHY-M2-r18			NULL					OPTIONAL,
	...
}

AntSwitchElement-r18 ::= SEQUENCE {
	antElementIndexShort-r18		INTEGER (1..16),
	antElementIndexOffset-r18		ENUMERATED (o16, o32, o48, o64)		OPTIONAL,
	...
}

-- ASN1STOP

	BT-DataSet field descriptions

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

	referencePoint
This field specifies the reference point used to define the location of a Bluetooth beacon antenna.

	lcs-GCS-TranslationParameter
This field provides the angles α (bearing angle), β (downtilt angle) and γ (slant angle) for the translation of a Local Coordinate System (LCS) to a Global Coordinate System (GCS) as defined in TR 38.901 [44].

	polarization
This field specifies the antenna element polarization in degrees relative the positive y-axis, where m45, zero, p45, p90 represents -45, zero, 45 and 90 degrees respectively towards the z-axis, and circ represents circular polarization.

	bt-AoD-Data
This field specifies Bluetooth beacon AoD configuration in terms of advertising periodicities and CTE configuration to support the device to configure its scan windows and intervals.

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

	secondAdvInterval
This field specifies the Bluetooth periodic advertising interval on secondary advertisement channels 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 beacon 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-M2
This field, if present, indicates that Bluetooth TX PHY 2 Megasymbols/s is used by the beacon, otherwise Bluetooth TX PHY 1 Megasymbols/s is used,

	antSwitchingPattern
This field specifies the Bluetooth antenna switching pattern as a list of indices, where each index is the order value of a specific antenna element in the antElementList-r18 attribute of the IE BT-DataSet-r18 – first element in the list corresponds to index 1 and so on. If the antenna switching pattern is shorter than the number of available sample slots, then the antenna switching patterns continues from the beginning of the antSwitchingPattern-r18. If antenna switching pattern is longer than the number of available sample slots, then the elements in antSwitchingPattern-r18 are discarded. If this field is not present, the target device can assume an antenna switching pattern with the configured antenna element in the same order as in the antElementList-r18.

	antElementIndexShort
This field specifies short part of the antenna element index 

	antElementIndexOffset
This field specifies offsett of the antenna element index, where o16, o32, o48 and o64 respresents 16, 32, 48 and 64 respectively to offset the short part of the antenna element index. If not present, the offset is zero.



[bookmark: _Hlk146520506]–	BT-ULA-Linear
The IE BT-ULA-Linear is used by the location server to define a linear antenna array as a formula based on the antenna element index.
-- ASN1START

BT-ULA-Linear-r18 ::= SEQUENCE {
	bt-NoElements-r18				INTEGER (2..maxBT-BeaconAntElt-r18),
	bt-ElementDelta-r18				FFS
}

-- ASN1STOP

	BT-ULA-Linear field descriptions

	bt-NoElements
This field specifies the number of antenna elements in the linear antenna array. It is the same as the number of antenna elements in the antElementList-r18 of the IE BT-DataSet-r18.

	bt-ElementDelta
This field specifies the distance between to adjacent elements in the linear antenna array. 



The antenna element locations of the antenna array are defined along the y-axis from the reference point. The coordinates of the elements are x=0, z=0 and y = (index-1)*bt-ElementsDelta-r18, where index is the order value of a specific antenna element in the antElementList-r18 attribute of the IE BT-DataSet-r18 – first element in the list corresponds to index 1 and so on.
–	BT-ULA-Rectangular
The IE BT-ULA-Rectangular is used by the location server to define a rectangular antenna array as a formula based on the antenna element index.
-- ASN1START

BT-ULA-Rectangular-r18 ::= SEQUENCE {
	bt-NoElementsY-r18				INTEGER (1..maxBT-BeaconAntElt-r18),
	bt-NoElementsZ-r18				INTEGER (1..maxBT-BeaconAntElt-r18),
	bt-ElementDeltaY-r18			FFS
	bt-ElementDeltaZ-r18			FFS
}

-- ASN1STOP

	BT-ULA-Lshape field descriptions

	bt-NoElementsY
This field specifies the number of antenna elements in the L-shaped antenna array along the y-axis. The product bt-ElementDeltaY* bt-ElementDeltaZ is the same as the number of antenna elements in the antElementList-r18 of the IE BT-DataSet-r18.

	bt-NoElementsZ
This field specifies the number of antenna elements in the linear antenna array along the z-axis.

	bt-ElementDeltaY
This field specifies the distance between to adjacent elements in the rectangular antenna array along the y-axis. 

	bt-ElementDeltaZ
This field specifies the distance between to adjacent elements in the rectangular antenna array along the z-axis.



The antenna element locations of the rectangular antenna array are defined row by row along the y-axis with an increasing offset in the z-direction for each row from the reference point. The coordinates of the elements of the 
· first row are x=0, z=0 and y = (index-1)*bt-ElementsDelta-r18, for index 1 to bt-NoElementsY 
· second row are x=0, z = bt-ElementDeltaZ and y = (index-bt-NoElementsY-1)*bt-ElementsDelta-r18, for index (bt-NoElementsY+1) to 2*bt-NoElementsY
· row N are x=0, z = (N-1)*bt-ElementDeltaZ and y = (index-(N-1)*bt-NoElementsY-1)*bt-ElementsDelta-r18, for index ((N-1)*bt-NoElementsY+1) to N*bt-NoElementsY, where N = 1 to NoElementsZ.
–	BT-ULA-Circular
The IE BT-ULA-Circular is used by the location server to define a circular antenna array as a formula based on the antenna element index.
-- ASN1START

BT-ULA-Circular-r18 ::= SEQUENCE {
	bt-NoElements-r18				INTEGER (2..maxBT-BeaconAntElt-r18),
	bt-Radius-r18					FFS
}

-- ASN1STOP

	BT-ULA-Circular field descriptions

	bt-NoElements
This field specifies the number of antenna elements in the circular antenna array. It is the same as the number of antenna elements in the antElementList-r18 of the IE BT-DataSet-r18

	bt-Radius
This field specifies the radius from the reference point to the antenna elements in the circular antenna array.



The antenna element locations of the antenna array are defined along a circle with the reference point as center. The coordinates of the elements are:
· x=0 
· y = bt-Radius-r18* cos(2*p*(index-1)/ bt-NoElements-r18)
· z = bt-Radius-r18* sin(2*p*(index-1)/ bt-NoElements-r18)
where index is the order value of a specific antenna element in the antElementList-r18 attribute of the IE BT-DataSet-r18 – first element in the list corresponds to index 1 and so on.
–	BT-GenericArray
The IE BT-GenericArray is used by the location server to define a generic antenna array as a list of offset locations for each antenna element, where each ordered entry in BT-ULA-Generic-r18 is associated to the same ordered entry in the antElementList-r18 attribute of the IE BT-DataSet-r18.
-- ASN1START

BT-ULA-Generic-r18 ::= SEQUENCE (SIZE (2..maxBT-BeaconAntElt-r18)) OF BT-ULA-GenericAntElement-r18

BT-ULA-GenericAntElement-r18 ::= SEQUENCE {
	deltaY-r18						INTEGER (-100..100)			OPTIONAL,	-- Need OP
	deltaX-r18						INTEGER (-100..100)			OPTIONAL,	-- Need OP
	deltaZ-r18						INTEGER (-100..100)			OPTIONAL,	-- Need OP
}

-- ASN1STOP

	BT- ULA-Generic field descriptions

	deltaX, deltaY, deltaZ
This field specifies the antenna element location offset in X, Y, Z directions respectively. Scale factor 1mm. 




6.5.7.8	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 {	beacon-location		(0),
										beacon-antConfig	(1),
										beacon-advConfig}	(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:

· beacon-location: Bluetooth beacon location information
· beacon-antConfig: Bluetooth beacon antenna configuration information for AoD estimation
· beacon-advConfig: Bluetooth beacon advertisement and CTE configuration information



[…]
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-- ASN1START

maxEARFCN					INTEGER ::= 65535	-- Maximum value of EUTRA carrier frequency
maxEARFCN-Plus1				INTEGER ::= 65536	-- Lowest value extended EARFCN range
maxEARFCN2					INTEGER ::= 262143	-- Highest value extended EARFCN range

maxMBS-r14					INTEGER ::= 64
maxWLAN-AP-r13				INTEGER ::= 64
maxKnownAPs-r14				INTEGER ::= 2048
maxVisibleAPs-r14			INTEGER ::= 32
maxWLAN-AP-r14				INTEGER ::= 128
maxWLAN-DataSets-r14		INTEGER ::= 8

maxBT-Beacon-r13			INTEGER ::= 32
maxBT-BeaconAntElt-r18		INTEGER ::= 74
maxBT-DataSets-r18			INTEGER ::= 32

nrMaxBands-r16							INTEGER ::= 1024	-- Maximum number of supported bands in
															-- UE capability.
nrMaxFreqLayers-r16						INTEGER ::= 4		-- Max freq layers
nrMaxFreqLayers-1-r16					INTEGER ::= 3
nrMaxNumDL-PRS-ResourcesPerSet-1-r16	INTEGER ::= 63
nrMaxNumDL-PRS-ResourceSetsPerTRP-1-r16	INTEGER ::= 7
nrMaxResourceIDs-r16					INTEGER ::= 64		-- Max Resource IDs
nrMaxResourceOffsetValue-1-r16			INTEGER ::= 511
nrMaxResourcesPerSet-r16				INTEGER ::= 64		-- Maximum resources for one set
nrMaxSetsPerTrpPerFreqLayer-r16			INTEGER ::= 2		-- Maximum resource sets for one TRP
nrMaxSetsPerTrpPerFreqLayer-1-r16		INTEGER ::= 1
nrMaxTRPs-r16							INTEGER ::= 256		-- Max TRPs per UE
nrMaxTRPsPerFreq-r16					INTEGER ::= 64		-- Max TRPs per freq layers
nrMaxTRPsPerFreq-1-r16					INTEGER ::= 63
maxSimultaneousBands-r16				INTEGER ::= 4		-- Maximum number of simultaneously
															-- measured bands
maxBandComb-r16							INTEGER ::= 1024
nrMaxConfiguredBands-r16				INTEGER ::= 16

maxNumOfRxTEGs-r17						INTEGER ::= 32
maxNumOfRxTEGs-1-r17					INTEGER ::= 31
maxNumOfTxTEGs-1-r17					INTEGER ::= 7
maxTxTEG-Sets-r17						INTEGER ::= 256		-- Maximum applicable number is 64
maxNumOfRxTxTEGs-1-r17					INTEGER ::= 255
maxNumOfTRP-TxTEGs-1-r17				INTEGER ::= 7
maxNumOfSRS-PosResources-r17            INTEGER ::= 64
maxNumOfSRS-PosResources-1-r17          INTEGER ::= 63

maxNumResourcesPerAngle-r17				INTEGER ::= 24
maxNumPrioResources-r17					INTEGER ::= 24

maxAddMeasTDOA-r17						INTEGER ::= 31
maxAddMeasAoD-r17						INTEGER ::= 23
maxAddMeasRTT-r17						INTEGER ::= 31

maxOD-DL-PRS-Configs-r17				INTEGER ::= 8

maxCellIDsPerArea-r17					INTEGER ::= 256
maxNrOfAreas-r17						INTEGER ::= 16
maxMeasInstances-r17					INTEGER ::= 32

-- ASN1STOP
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Figure 4.6: Example of Periodic Advertising Events from the same Advertising Set
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