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[bookmark: _Ref349588338]1. 	Introduction
At RAN2#105bis, broadcast of location assistance data was discussed, and RAN2 agreed that [1]
(1)	"Broadcast of assistance data is supported for at least A-GNSS, RTK and OTDOA assistance information".
RAN2 sent an LS to SA2 and SA3 with the question whether the encrypted broadcast solution for LTE can be reused in NR [2]. The SA3 response LS was received and discussed at RAN2#106 [3]. The SA3 response states [4]: 
(2)	"Yes, SA3 believes the solution for protection of broadcast assistance data for LTE in Rel-15 is suitable for reuse for NR in Rel-16".
At RAN2#106, RAN2 sent a further LS to SA3 with the question whether LTE mechanism for broadcast assistance data is secure for the case of UE-based DL-only assistance data, which includes the geographical location of the gNB and is repeatedly broadcasted in the system information [5]. SA3 discussed this LS at SA3#95bis and sent the following response to RAN2 [6]:
(3)	"For the security analysis of the LTE mechanism for broadcast assistance data, the LTE mechanism is equally secure for static and varying data".
SA2 replied to the RAN2 questions in [2] with the following [7]: 
(4)	"From an SA2 perspective, the solution in LTE Rel-15 can be reused for NR (e.g. in Rel-16). The reuse from an SA2 perspective applies to stage 2 location support for 5GCN in TS 23.273".
SA2 has also approved changes to TS 23.273 which support broadcast assistance data delivery for NR in a manner completely analogous to the solution for LTE in TS 23.271. These changes will be included in TS 23.273 for Rel-16. The agreed SA2 CR is attached to the LS in [7]. 
SA2 also discussed the access to UE-based DL-only assistance data at SA2#107, based on the RAN2 LS sent from RAN2#106 in [8]. The SA2 response states (among others) the following [9]:
(5)	"In the case of broadcasting of assistance data, a “list of Assistance Data Types” stored in the UDM can be used for the network to ensure only the UE who is subscribed to the ciphering key can decipher the broadcast assistance data required for UE-based positioning".
This "enforcement mechanism" is the same as in LTE and is included in the agreed SA2 CR to TS 23.273 mentioned above (also attached to the response LS in [9]).  
RAN3 discussed the broadcast of location assistance data at RAN3#104 and endorsed a CR to NRPPa TS 38.455 for the assistance data delivery to NG-RAN nodes for the broadcast in System Information in [10]. This endorsed NRPPa CR is analogous to the corresponding procedures for broadcast in LPPa TS 36.455. 
(6)	RAN3 endorsed a CR to NRPPa TS 38.455 [10] which adds the Assistance Information Transfer procedures for broadcast of assistance data in System Information in a manner completely analogous to the solution for LTE as specified in LPPa TS 36.455.
The progress summarized in items (1) – (6) above results in the following proposal:
Proposal 1:	Support broadcast of location assistance data in NR for UE-assisted and UE-based A-GNSS, RTK, and DL-only positioning methods in a manner analogous to the solution for LTE in TS 36.305, 36.331, and 36.355. 


2. 	Procedures for Broadcast of Location Assistance Data
For E-UTRA connected to EPC the procedures for broadcast of assistance data are specified in TS 36.305 clause 7.6. The broadcast procedures for NG-RAN connected to 5GC can be based on these procedures with suitable changes for NG-RAN/5GC. A draft CR is proposed in [11] accordingly. 
Proposal 2:	The procedures for broadcast of location assistance data for NG-RAN are based on the procedures for broadcast of location assistance data for E-UTRA connected to EPC in TS 36.305. Endorse the CR to 38.305 in [11] as baseline.


3. 	Definition of posSIB Types
The assistance data elements which can be broadcast are defined in TS 36.355, section 7.2. The posSIB types defined in Table 7.2-1 of TS 36.355 can all be reused for NG-RAN. The posSIB types 1-1 to 1-7 and 2-1 to 2-19 (GNSS, RTK) are applicable to both, LTE and NR; the posSIB type 3-1 (OTDOA) is applicable to LTE only.
In order to support PPP-RTK, the following additional posSIB types are proposed in [13]: 
-	posSibType1-8: 	GNSS-SSR-GridDefinition
-	posSibType2-20:	GNSS-SSR-URA
-	posSibType2-21:	GNSS-SSR-PhaseBias
-	posSibType2-22:	GNSS-SSR-STEC-Correction
-	posSibType2-23:	GNSS-SSR-GriddedCorrection
In order to support OTDOA for NR, an additional posSIB type 3-2 was proposed in [12]. The details of this posSIB type depends on further progress on NR OTDOA in RAN1 and RAN2:
-	posSibType3-2:	OTDOA-UE-Assisted (NR)
In order to support UE-based DL-only positioning, two additional posSIB types are proposed in [14]. The details of these posSIB types can already be defined by RAN2 as shown in [14]:
-	posSibType3-3: 	UEB-TRP-LocationData
-	posSibType3-4:	UEB-TRP-RTD-Info

Proposal 3:	Add the following posSIB Types to Table 7.2-1 in LPP TS 36.355:
-	posSibType1-8: 	GNSS-SSR-GridDefinition
-	posSibType2-20:	GNSS-SSR-URA
-	posSibType2-21:	GNSS-SSR-PhaseBias
-	posSibType2-22:	GNSS-SSR-STEC-Correction
-	posSibType2-23:	GNSS-SSR-GriddedCorrection
-	posSibType3-2:	OTDOA-UE-Assisted (NR)
-	posSibType3-3: 	UEB-TRP-LocationData
-	posSibType3-4:	UEB-TRP-RTD-Info.



4. 	Broadcast of Assistance Data by an NG RAN Node
4.1	Broadcast by an ng-eNB
An ng-eNB can use the existing LTE RRC support for posSIBs and posSIB scheduling defined for E-UTRA connected to EPC in TS 36.331. This can be used to support existing broadcast assistance data elements for A-GNSS, RTK and LTE-OTDOA. The posSIB Types to support PPP-RTK (SSR) as discussed in section 3 above need to be added to the pos SI message and SIB scheduling information in TS 36.331 as shown below.
-- ASN1START

PosSystemInformation-r15-IEs ::= SEQUENCE {
	posSIB-TypeAndInfo-r15			SEQUENCE (SIZE (1..maxSIB)) OF CHOICE {
		posSib1-1-r15					SystemInformationBlockPos-r15,
		posSib1-2-r15					SystemInformationBlockPos-r15,
		posSib1-3-r15					SystemInformationBlockPos-r15,
		posSib1-4-r15					SystemInformationBlockPos-r15,
		posSib1-5-r15					SystemInformationBlockPos-r15,
		posSib1-6-r15					SystemInformationBlockPos-r15,
		posSib1-7-r15					SystemInformationBlockPos-r15,
		posSib2-1-r15					SystemInformationBlockPos-r15,
		posSib2-2-r15					SystemInformationBlockPos-r15,
		posSib2-3-r15					SystemInformationBlockPos-r15,
		posSib2-4-r15					SystemInformationBlockPos-r15,
		posSib2-5-r15					SystemInformationBlockPos-r15,
		posSib2-6-r15					SystemInformationBlockPos-r15,
		posSib2-7-r15					SystemInformationBlockPos-r15,
		posSib2-8-r15					SystemInformationBlockPos-r15,
		posSib2-9-r15					SystemInformationBlockPos-r15,
		posSib2-10-r15					SystemInformationBlockPos-r15,
		posSib2-11-r15					SystemInformationBlockPos-r15,
		posSib2-12-r15					SystemInformationBlockPos-r15,
		posSib2-13-r15					SystemInformationBlockPos-r15,
		posSib2-14-r15					SystemInformationBlockPos-r15,
		posSib2-15-r15					SystemInformationBlockPos-r15,
		posSib2-16-r15					SystemInformationBlockPos-r15,
		posSib2-17-r15					SystemInformationBlockPos-r15,
		posSib2-18-r15					SystemInformationBlockPos-r15,
		posSib2-19-r15					SystemInformationBlockPos-r15,
		posSib3-1-r15					SystemInformationBlockPos-r15,
		... ,
		posSib1-8-v16xy					SystemInformationBlockPos-r15,
		posSib2-20-v16xy				SystemInformationBlockPos-r15,
		posSib2-21-v16xy				SystemInformationBlockPos-r15,
		posSib2-22-v16xy				SystemInformationBlockPos-r15,
		posSib2-23-v16xy				SystemInformationBlockPos-r15
	},
	lateNonCriticalExtension		OCTET STRING							OPTIONAL,
	nonCriticalExtension			SEQUENCE {}								OPTIONAL
}

-- ASN1STOP

-- ASN1START

PosSchedulingInfoList-r15 ::= SEQUENCE (SIZE (1..maxSI-Message)) OF PosSchedulingInfo-r15

PosSchedulingInfo-r15 ::=	SEQUENCE {
	posSI-Periodicity-r15		ENUMERATED {rf8, rf16, rf32, rf64, rf128, rf256, rf512},
	posSIB-MappingInfo-r15		PosSIB-MappingInfo-r15
}

PosSIB-MappingInfo-r15 ::= SEQUENCE (SIZE (1..maxSIB)) OF PosSIB-Type-r15

PosSIB-Type-r15 ::= SEQUENCE {
	encrypted-r15		ENUMERATED { true }				OPTIONAL,		-- Need OP
	gnss-id-r15			GNSS-ID-r15						OPTIONAL,		-- Need OP
	sbas-id-r15			SBAS-ID-r15						OPTIONAL,		-- Need OP
	posSibType-r15		ENUMERATED { 	posSibType1-1,
										posSibType1-2,
										posSibType1-3,
										posSibType1-4,
										posSibType1-5,
										posSibType1-6,
										posSibType1-7,
										posSibType2-1,
										posSibType2-2,
										posSibType2-3,
										posSibType2-4,
										posSibType2-5,
										posSibType2-6,
										posSibType2-7,
										posSibType2-8,
										posSibType2-9,
										posSibType2-10,
										posSibType2-11,
										posSibType2-12,
										posSibType2-13,
										posSibType2-14,
										posSibType2-15,
										posSibType2-16,
										posSibType2-17,
										posSibType2-18,
										posSibType2-19,
										posSibType3-1,
										...,
										posSibType1-8-v16xy,
										posSibType2-20-v16xy,
										posSibType2-21-v16xy,
										posSibType2-22-v16xy,
										posSibType2-23-v16xy
},
	...
}

-- ASN1STOP

A draft CR to TS 36.331 is proposed in [15] accordingly.

Proposal 4:	Add the following posSIB Types to pos SI message and SIB scheduling information in TS 36.331:
-	posSibType1-8: 	GNSS-SSR-GridDefinition
-	posSibType2-20:	GNSS-SSR-URA
-	posSibType2-21:	GNSS-SSR-PhaseBias
-	posSibType2-22:	GNSS-SSR-STEC-Correction
-	posSibType2-23:	GNSS-SSR-GriddedCorrection.
Endorse the CR to 36.331 in [15] as baseline.

5.2	Broadcast by a gNB
The positioning SIBs can be added to NR RRC in TS 38.331 in a similar manner to inclusion of posSIBs for E-UTRA connected to EPC in TS 36.331. 
This means adding new positioning SI messages which are different to normal SI messages as shown below which is based on the positioning SI message definition in TS 36.331.
-- ASN1START

SystemInformation ::=               SEQUENCE {
    criticalExtensions                  CHOICE {
        systemInformation-r15               SystemInformation-IEs,
        criticalExtensionsFuture-r16		CHOICE {
			posSystemInformation-r16		  PosSystemInformation-r16-IEs,
			criticalExtensionsFuture		  SEQUENCE {}
		}
    }
}

SystemInformation-IEs ::=           SEQUENCE {
    sib-TypeAndInfo                     SEQUENCE (SIZE (1..maxSIB)) OF CHOICE {
        sib2                                SIB2,
        sib3                                SIB3,
        sib4                                SIB4,
        sib5                                SIB5,
        sib6                                SIB6,
        sib7                                SIB7,
        sib8                                SIB8,
        sib9                                SIB9,
        ...
    },


PosSystemInformation-r16-IEs ::= SEQUENCE {
	posSIB-TypeAndInfo-r16			SEQUENCE (SIZE (1..maxSIB)) OF CHOICE {
		posSib1-1-r16					SIBpos-r16,
		posSib1-2-r16					SIBpos-r16,
		posSib1-3-r16					SIBpos-r16,
		posSib1-4-r16					SIBpos-r16,
		posSib1-5-r16					SIBpos-r16,
		posSib1-6-r16					SIBpos-r16,
		posSib1-7-r16					SIBpos-r16,
		posSib1-8-r16					SIBpos-r16,
		posSib2-1-r16					SIBpos-r16,
		posSib2-2-r16					SIBpos-r16,
		posSib2-3-r16					SIBpos-r16,
		posSib2-4-r16					SIBpos-r16,
		posSib2-5-r16					SIBpos-r16,
		posSib2-6-r16					SIBpos-r16,
		posSib2-7-r16					SIBpos-r16,
		posSib2-8-r16					SIBpos-r16,
		posSib2-9-r16					SIBpos-r16,
		posSib2-10-r16					SIBpos-r16,
		posSib2-11-r16					SIBpos-r16,
		posSib2-12-r16					SIBpos-r16,
		posSib2-13-r16					SIBpos-r16,
		posSib2-14-r16					SIBpos-r16,
		posSib2-15-r16					SIBpos-r16,
		posSib2-16-r16					SIBpos-r16,
		posSib2-17-r16					SIBpos-r16,
		posSib2-18-r16					SIBpos-r16,
		posSib2-19-r16					SIBpos-r16,
		posSib2-20-r16					SIBpos-r16,
		posSib2-21-r16					SIBpos-r16,
		posSib2-22-r16					SIBpos-r16,
		posSib2-23-r16					SIBpos-r16,
		posSib3-2-r16					SIBpos-r16,
		posSib3-3-r16					SIBpos-r16,
[bookmark: _Hlk16577758]		posSib3-4-r16					SIBpos-r16,
		...
	},
	lateNonCriticalExtension		OCTET STRING							OPTIONAL,
	nonCriticalExtension			SEQUENCE {}								OPTIONAL
}



SIBpos-r16 ::= SEQUENCE {
	assistanceDataSIBelement-r16		OCTET STRING,
	lateNonCriticalExtension			OCTET STRING							OPTIONAL,
	...
}

-- ASN1STOP

Similar to LTE, each posSIB has the same ASN.1 definition shown above (in SIBpos-r16) which includes an octet string (in the assistanceDataSIBelement-r16 parameter) which is pre-coded by the LMF and transferred to a gNB using NRPPa. 
Similar to LTE, scheduling information for positioning SI messages can be separate to scheduling information for normal SI messages. Example ASN.1 for such scheduling is shown below and is based on support for normal SI message scheduling in TS 38.331 and on positioning SI message scheduling for E-UTRA in TS 36.331. 

-- ASN1START

Pos-SI-SchedulingInfo-r16 ::= SEQUENCE {
    pos-schedulingInfoList-r16          SEQUENCE (SIZE (1..maxSI-Message)) OF 
																			Pos-SchedulingInfo-r16,
    pos-si-RequestConfig-r16            SI-RequestConfig				OPTIONAL,                                                       
    pos-si-RequestConfigSUL-r16         SI-RequestConfig				OPTIONAL,                                                            
    pos-systemInformationAreaID-r16     BIT STRING (SIZE (24))		OPTIONAL,                                                      
    ...
}

Pos-SchedulingInfo-r16 ::= SEQUENCE {
    pos-si-BroadcastStatus-r16          ENUMERATED {broadcasting, notBroadcasting},
    pos-si-Periodicity-r16              ENUMERATED {rf8, rf16, rf32, rf64, rf128, rf256, rf512},
    pos-sib-MappingInfo-r16             Pos-SIB-Mapping-r16
}

Pos-SIB-Mapping-r16 ::= SEQUENCE (SIZE (1..maxSIB)) OF Pos-SIB-TypeInfo-r16

Pos-SIB-TypeInfo-r16 ::= SEQUENCE {
	encrypted-r16		ENUMERATED { true }				OPTIONAL,
	gnss-id-r16			GNSS-ID-r16						OPTIONAL,
	sbas-id-r16			SBAS-ID-r16						OPTIONAL,
    pos-sib-type-r16	ENUMERATED { 	posSibType1-1, 
										posSibType1-2, 
										posSibType1-3, 
										posSibType1-4, 
										posSibType1-5,
										posSibType1-6, 
										posSibType1-7,
										posSibType1-8,  
										posSibType2-1, 
										posSibType2-2, 
										posSibType2-3,
										posSibType2-4, 
										posSibType2-5, 
										posSibType2-6, 
										posSibType2-7, 
										posSibType2-8,
										posSibType2-9, 
										posSibType2-10, 
										posSibType2-11, 
										posSibType2-12, 
										posSibType2-13, 
										posSibType2-14, 
										posSibType2-15, 
										posSibType2-16,
										posSibType2-17, 
										posSibType2-18, 
										posSibType2-19,
										posSibType2-20,
										posSibType2-21,
										posSibType2-22,
										posSibType2-23,
										posSibType3-2, 
										posSibType3-3,  
										posSibType3-4,   
										... },
    areaScope-r16     	ENUMERATED {true}				OPTIONAL                                                          
}

-- ASN1STOP

Scheduling of positioning SI messages above includes or allows for the following:
	-	an indication of whether a positioning SI message is being broadcast or needs to be requested by a UE;
-	support for MSG1 based on demand scheduling of positioning SI messages not currently being broadcast;
-	support for a system information Area ID, different to the system information Area ID for normal SIBs, within which the content of certain positioning SIBs is identical.
The MSG3 based on demand scheduling for positioning SI messages can also be kept separate from normal SI messages via critical extension of the RRCSystemInfoRequest. This could be defined as shown below.

-- ASN1START

RRCSystemInfoRequest ::=            SEQUENCE {
    criticalExtensions                  CHOICE {
        rrcSystemInfoRequest-r15            RRCSystemInfoRequest-r15-IEs,
        criticalExtensionsFuture            CHOICE {
			rrcPosSystemInfoRequest-r16			RRC-PosSystemInfoRequest-r16-IEs,
			criticalExtensionsFuture 			SEQUENCE {}
		}
    }
}

RRCSystemInfoRequest-r15-IEs ::=    SEQUENCE {
    requested-SI-List                   BIT STRING (SIZE (maxSI-Message)),  --32bits
    spare                               BIT STRING (SIZE (12))
}

RRC-PosSystemInfoRequest-r16-IEs ::= SEQUENCE {
    requested-posSI-List                BIT STRING (SIZE (maxSI-Message)),  --32bits
    spare                               BIT STRING (SIZE (12))
}

-- ASN1STOP


Proposal 5:	Add the positioning SIBs to NR RRC in TS 38.331 in a similar manner to inclusion of posSIBs for E-UTRA connected to EPC in TS 36.331. In particular:
-	Define a positioning SI message separate from normal SI messages via critical extension of the SystemInformation message.
- 	Define a single SIBpos in NR RRC which includes the assistanceDataSIB-Element container whose content depends on the posSIB type defined in LPP.
-	Define scheduling information for positioning SI messages separate to scheduling information for normal SI messages.
-	Support configuration of MSG1 resources that the UE can use for requesting positioning SI messages different from MSG1 resources for requesting normal SI messages.
-	Support MSG3 based on demand positioning SI request separate from normal SI request via critical extension of the RRCSystemInfoRequest message.  
Endorse the CR to 38.331 in [16] as baseline.

6. 	Summary 
In this contribution we discussed the broadcast of location assistance data by NG-RAN. The following proposals have been made. 
Proposal 1:	Support broadcast of location assistance data in NR for UE-assisted and UE-based A-GNSS, RTK, and DL-only positioning methods in a manner analogous to the solution for LTE in TS 36.305, 36.331, and 36.355. 
Proposal 2:	The procedures for broadcast of location assistance data for NG-RAN are based on the procedures for broadcast of location assistance data for E-UTRA connected to EPC in TS 36.305. Endorse the CR to 38.305 in [11] as baseline.
Proposal 3:	Add the following posSIB Types to Table 7.2-1 in LPP TS 36.355:
-	posSibType1-8: 	GNSS-SSR-GridDefinition
-	posSibType2-20:	GNSS-SSR-URA
-	posSibType2-21:	GNSS-SSR-PhaseBias
-	posSibType2-22:	GNSS-SSR-STEC-Correction
-	posSibType2-23:	GNSS-SSR-GriddedCorrection
-	posSibType3-2:	OTDOA-UE-Assisted (NR)
-	posSibType3-3: 	UEB-TRP-LocationData
-	posSibType3-4:	UEB-TRP-RTD-Info.
Proposal 4:	Add the following posSIB Types to pos SI message and SIB scheduling information in TS 36.331:
-	posSibType1-8: 	GNSS-SSR-GridDefinition
-	posSibType2-20:	GNSS-SSR-URA
-	posSibType2-21:	GNSS-SSR-PhaseBias
-	posSibType2-22:	GNSS-SSR-STEC-Correction
-	posSibType2-23:	GNSS-SSR-GriddedCorrection.
Endorse the CR to 36.331 in [15] as baseline.
Proposal 5:	Add the positioning SIBs to NR RRC in TS 38.331 in a similar manner to inclusion of posSIBs for E-UTRA connected to EPC in TS 36.331. In particular:
-	Define a positioning SI message separate from normal SI messages via critical extension of the SystemInformation message.
- 	Define a single SIBpos in NR RRC which includes the assistanceDataSIB-Element container whose content depends on the posSIB type defined in LPP.
-	Define scheduling information for positioning SI messages separate to scheduling information for normal SI messages.
-	Support configuration of MSG1 resources that the UE can use for requesting positioning SI messages different from MSG1 resources for requesting normal SI messages.
-	Support MSG3 based on demand positioning SI request separate from normal SI request via critical extension of the RRCSystemInfoRequest message.  
Endorse the CR to 38.331 in [16] as baseline.
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