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[bookmark: _Ref349588338]1. 	Introduction
[bookmark: _GoBack]A new work item on "NR Positioning Support" has been agreed at RAN#83 [1]. The objectives include:
Define signaling for broadcast assistance data delivery [RAN2/RAN3/SA2/SA3]
Support for broadcast of location assistance data was added in Release 15 for E‑UTRA connected to EPC as described in TS 36.305 [2] and TS 23.271 [3] for stage 2 and in TS 36.331 [4], TS 36.455 [5], TS 36.355 [6], TS 29.171 [7], TS 24.301 [8] and TS 23.008 [9] for stage 3. Location assistance data that can be broadcast for E-UTRA connected to EPC in Release 15 comprises GNSS, RTK, and OTDOA assistance data elements defined in TS 36.355 [6]. The same assistance data elements are already supported for NR in Release 15 and additional assistance data elements (e.g., for new RAT dependent position methods for NR) will be added in Release 16.
The benefits of broadcasting location assistance data can include reduced network signaling and reduced load on network elements (e.g. LMF, AMF, gNB) for a high density of recipient UEs in each cell, reduced latency in obtaining assistance data at a UE, and reduced UE signaling and power usage. As an example, IoT UEs would be able to determine and track their locations while in idle state which could reduce both UE power and load on the network. The assistance data can also be ciphered which can provide a revenue stream for operators.
The support of broadcast of location assistance data for NR can also be used to help support broadcast of location assistance data for E-UTRA connected to 5GC, since the same signalling and procedures could be used on the network side and SIB support on the radio interface can reuse the existing RRC support in TS 36.331 [4]. 

2. 	Overview of Broadcast of Location Assistance Data
Figure 1 shows a Stage 2 procedure for broadcasting location assistance data by NG-RAN which is based on the procedure used for E-UTRA connected to EPC in TS 36.305 clause 7.6 [2].


Figure 1: Procedure to support broadcast of assistance data by NG-RAN
1.	The LMF sends an NRPPa Assistance Data Information Control message to the NG-RAN node with an indication to start broadcasting assistance information. The message includes one or more System Information groups, where each group contains the broadcast periodicity and one or more pre-coded posSIB types together with meta data. Each posSIB type may be ciphered and/or segmented at the LMF. The meta data may include an indication whether the posSIB type in the System Information group is ciphered or not, as well as an indication of an applicable GNSS type.
[bookmark: _Hlk517158135]2.	The NG-RAN node includes the received System Information groups in RRC System Information Messages and corresponding scheduling information in SIB1. The UE applies system information acquisition procedures for acquiring the assistance data information that is broadcast.
3.	If the posSIB types were ciphered by the LMF, the LMF provides the used ciphering keys, together with a validity time and validity area for each key, to the AMF. The AMF returns a Ciphering Key Data Result message back to the LMF indicating whether the AMF was able to successfully store the ciphering data sets. The AMF may then distribute successfully stored ciphering keys and their validity times and validity areas to suitably subscribed UEs using a mobility management message. The AMF repeats this procedure whenever a ciphering key changes.
4.	At any time after Step 1, the NG-RAN node may send an NRPPa Assistance Information Feedback message to the LMF providing feedback on assistance information broadcasting. The message may include an assistance information failure list indicating that certain posSIB types could not be configured for broadcasting by the NG‑RAN node.
5.	If the assistance information in a System Information group changes, the LMF provides updated information in an NRPPa Assistance Information Control message.
6.	The NG-RAN node replaces the previously stored System Information groups with the new information received at Step 5 and includes the new System Information groups in RRC System Information Messages.
7.	If the LMF wants to abort the broadcast of a System Information Group, it sends an NRPPa Assistance Information Control message to the NG-RAN node including an indication to stop broadcasting the assistance information. 

Observation 1:	A high level procedure for broadcast of location assistance data for NG-RAN can be based on the procedure for broadcast of location assistance data for E-UTRA connected to EPC in TS 36.305 [2]. 

3. 	Definition of Assistance Data Elements
For E-UTRA connected to EPC, the assistance data elements which can be broadcast are defined in TS 36.355 [6]. The definition includes the following.
-	Mapping of posSIB types to assistance data elements (clause 7.2 of TS 36.355 [6]).
-	UE procedures related to receiving broadcast information elements (clause 7.3 of TS 36.355 [6]).
-	Common content of broadcast information elements including support of ciphering, segmentation and update of information content (clause 7.4 of TS 36.355 [6]).
-	Content of a broadcast information element for OTDOA (clause 7.4.2 of TS 36.355 [6]).
-	Content of broadcast information elements for A-GNSS and RTK (clause 6.5.2.2 of TS 36.355 [6]).
-	Ciphering of broadcast information elements (clause 7.5 of TS 36.355 [6]).
The RAT independent broadcast information elements for A-GNSS and RTK defined in clause 6.5.2.2 of TS 36.355 [6] and the common content of broadcast information elements to support ciphering, segmentation and update of information content defined in clause 7.4 of TS 36.355 [6] can be reused for NR (and E-UTRA connected to 5GC). In addition, the same ciphering support described in clause 7.5 of TS 36.355 [6] can be used.
The following extra definitions for NR support of broadcast of assistance data elements can then be added to LPP in TS 36.355 [6].
· Mapping of NR posSIB types to assistance data elements.
· UE procedures related to receiving broadcast information elements for NR (if different to LTE).
· Content of NR RAT dependent broadcast information elements.

Observation 2:	Assistance data elements for broadcast of location assistance data for NR can reuse existing definitions of broadcast information elements in TS 36.355 [6] for RTK, A-GNSS and support of ciphering, segmentation and update of information content. New definitions are needed for mapping of NR posSIB types to assistance data elements, UE procedures related to receiving broadcast information elements for NR and content of NR RAT dependent broadcast information elements.

4. 	Transfer of Assistance Data from an LMF to NG RAN Node
For E-UTRA connected to EPC, LPPa in TS 36.455 [5] is used to transfer assistance data elements from an E-SMLC to an eNB using the following messages and procedures:
	-	LPPa Assistance Information Control (TS 36.455 clause 8.4.1, 9.1.3.1 [5]).
	-	LPPa Assistance Information Feedback (TS 36.455 clause 8.4.2, 9.1.3.2 [5]).
The LPPa Assistance Information Control message is used to transfer assistance information from an E-SMLC to an eNB by including the following information for each positioning SI message.
-	Broadcast periodicity.
-	For each positioning SIB (posSIB) in the positioning SI message:
	-	posSIB type,
	-	one or more posSIB segments,
	-	optional indications of a GNSS, SBAS and use of encryption,
	-	broadcast priority.
The LPPa Assistance Information Feedback enables an eNB to provide feedback to an E-SMLC identifying posSIBs which the eNB is not able to broadcast.
The procedures and messages supported in LPPa can be used as the basis for similar or identical procedures and messages in NRPPa to support transfer of assistance data from an LMF to an NG-RAN node and feedback from an NG‑RAN node to an LMF. 
Observation 3:	The procedures and messages supported in LPPa for transfer of assistance data from an E-SMLC to an eNB can be used as the basis for similar or identical procedures and messages in NRPPa to support transfer of assistance data from an LMF to an NG-RAN node.

5. 	Broadcast of Assistance Data by an NG RAN Node
5.1	Broadcast by an ng-eNB
An ng-eNB can use the existing RRC support for posSIBs and posSIB scheduling defined for E-UTRA connected to EPC in TS 36.331 [4]. This can be used to support existing broadcast assistance data elements for A-GNSS, RTK and OTDOA.
Observation 4:	Broadcast of assistance data by an ng-eNB can reuse existing RRC support for posSIBs and posSIB scheduling in TS 36.331 [4] and can support existing broadcast assistance data elements for A-GNSS, RTK and OTDOA.
5.2	Broadcast by a gNB
New positioning SIBs (posSIBs) can be added to RRC in TS 38.331 [10] in a similar manner to inclusion of posSIBs for E-UTRA connected to EPC in TS 36.331 [4]. 
This means adding new positioning SI messages which are different to normal SI messages as shown by some example ASN.1 below which is based on the positioning SI message definition in TS 36.331 [4]. Here, existing ASN.1 for TS 38.331 [9] is show in black and example changes are shown in red.
-- ASN1START

SystemInformation ::=               SEQUENCE {
    criticalExtensions                  CHOICE {
        systemInformation-r15               SystemInformation-IEs,
        later							  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 {
	pos-sib-TypeAndInfo-r16				SEQUENCE (SIZE (1..maxSIB)) OF CHOICE {
		posSib1-1-r16						SIBpos-r16,
		posSib1-2-r16						SIBpos-r16,
		.
		.
		posSib2-19-r16						SIBpos-r16,
		posSib3-1-r16						SIBpos-r16,
		.
		.
		posSib3-n-r16						SIBpos-r16,
		...
	},
	lateNonCriticalExtension			OCTET STRING							OPTIONAL,
	nonCriticalExtension				SEQUENCE {}								OPTIONAL
}

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

-- ASN1STOP

The posSib1-x and posSib2-x types above can correspond to the GNSS and RTK common and generic assistance data elements already defined in TS 36.355 for E-UTRA connected to EPC [6]. The posSib3-x types (e.g. and possibly additional posSib4-x and posSib5-x types) can correspond to assistance data elements for new NR RAT dependent position methods.
Each posSIB can have the same ASN.1 definition shown above (in SIBpos-r16) which includes an octet string (in the assistanceDataSIBelement-r16 parameter) which can be pre-coded by the LMF and transferred to a gNB using NRPPa as described above. 
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 [10] and on positioning SI message scheduling for E-UTRA connected to EPC in TS 36.331 [4]. 
-- ASN1START

SIB1-v16xy-IEs ::= SEQUENCE {
[bookmark: _Hlk505655369]	pos-SI-schedulingInfo-r16				Pos-SI-SchedulingInfo-r16,
	nonCriticalExtension					SEQUENCE {}					OPTIONAL
}

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, 
										.
										.
										posSibType3-n,  
										... },
    valueTag-r16      	INTEGER (0..31)					OPTIONAL,                                                             
    areaScope-r16     	ENUMERATED {true}				OPTIONAL                                                          
}

-- ASN1STOP

Scheduling of positioning SI messages in the above example includes or allows for the following:
-	allowance of transmission of each positioning SI message in a separate SI-window where SI-windows are determined by extending the existing method of determining SI-windows for normal SI; 
	-	an indication of whether a positioning SI message is being broadcast or needs to be requested by a UE;
-	support for on demand scheduling of positioning SI messages not currently being broadcast using a random access procedure or an RRC request message for a UE not in connected state as for normal SI messages but with a separate configuration of the parameters for the random access procedure; and
-	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.
A RRC message similar to the RRCSystemInfoRequest for requesting broadcast of normal SI messages can be added to request broadcast of positioning SI messages not currently being broadcast. This could be defined as shown below.
-- ASN1START

RRCPositioningSystemInfoRequest-r16 	::=	SEQUENCE {
    criticalExtensions-r16                  CHOICE {
        rrcPositioningSystemInfoRequest-r16		RRCPositioningSystemInfoRequest-r16-IEs,
        criticalExtensionsFuture-r16        		SEQUENCE {}
    }
}

RRCPositioningSystemInfoRequest-r16-IEs ::= SEQUENCE {
    requested-Positioning-SI-List-r16		BIT STRING (SIZE (maxSI-Message)),
    spare                      				BIT STRING (SIZE (12))
}

-- ASN1STOP

Observation 5:	Required RRC changes for support of broadcast of assistance data by an gNB are relative minor since new positioning SIBs (posSIBs) can be added to RRC in TS 38.331 [10] in a similar manner to inclusion of posSIBs for E-UTRA connected to EPC in TS 36.331 [4]. 

6. 	Summary 
In this contribution we discussed the broadcast of location assistance data by NG-RAN. The following observations have been made. 
Observation 1:	A high level procedure for broadcast of location assistance data for NG-RAN can be based on the procedure for broadcast of location assistance data for E-UTRA connected to EPC in TS 36.305 [2]. 
Observation 2:	Assistance data elements for broadcast of location assistance data for NR can reuse existing definitions of broadcast information elements in TS 36.355 [6] for RTK, A-GNSS and support of ciphering, segmentation and update of information content. New definitions are needed for mapping of NR posSIB types to assistance data elements, UE procedures related to receiving broadcast information elements for NR and content of NR RAT dependent broadcast information elements.
Observation 3:	The procedures and messages supported in LPPa for transfer of assistance data from an E-SMLC to an eNB can be used as the basis for similar or identical procedures and messages in NRPPa to support transfer of assistance data from an LMF to an NG-RAN node.
Observation 4:	Broadcast of assistance data by an ng-eNB can reuse existing RRC support for posSIBs and posSIB scheduling in TS 36.331 [4] and can support existing broadcast assistance data elements for A-GNSS, RTK and OTDOA.
Observation 5:	Required RRC changes for support of broadcast of assistance data by an gNB are relative minor since new positioning SIBs (posSIBs) can be added to RRC in TS 38.331 [10] in a similar manner to inclusion of posSIBs for E-UTRA connected to EPC in TS 36.331 [4]. 
Based on these observations, the following proposals are made to support broadcast of location assistance data by NG-RAN. 
Proposal 1:	Support broadcast of location assistance data based on the broadcast procedure for E-UTRA connected to EPC in TS 36.305 [2], whereby the LMF in 5GCN performs segmentation and ciphering and provides pre-coded positioning SIBs for broadcast in SI messages. Any ciphering keys are provided by an LMF to an AMF for distribution to suitably subscribed UEs using mobility management messages.
Proposal 2:	Reuse existing definitions of broadcast information elements in TS 36.355 [6] for RTK and A-GNSS broadcast and support of ciphering, segmentation and update of information content. Add new definitions for broadcast information elements for NR RAT dependent position methods.
Proposal 3:	Support transfer of assistance data from an LMF to an NG-RAN node using procedures and messages in NRPPa which are based on the procedures and messages supported in LPPa for transfer of assistance data from an E-SMLC to an eNB.
Proposal 4:	Support broadcast of assistance data by an ng-eNB by reusing existing RRC support in TS 36.331 [4].
Proposal 5:	Support broadcast of assistance data by a gNB by defining new positioning SIBs (posSIBs) for RRC in TS 38.331 [10] based on posSIB definition for E-UTRA connected to EPC in TS 36.331 [4].
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