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1. 
Introduction
Positioning support for NG-RAN in Release 15 as defined in TS 38.305 [1] does not include support for broadcast of location assistance data. However, 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 [10], TS 36.355 [11], TS 29.171 [6], TS 24.301 [7] and TS 23.008 [8] for stage 3. Location assistance data that can be broadcast for E-UTRA connected to EPC in Release 15 comprises the following assistance data elements defined in TS 36.355 [11]:

-
GNSS-ReferenceTime

-
GNSS-ReferenceLocation

-
GNSS-IonosphericModel

-
GNSS-EarthOrientationParameters

-
GNSS-RTK-ReferenceStationInfo

-
GNSS-RTK-CommonObservationInfo

-
GNSS-RTK-AuxiliaryStationData

-
GNSS-TimeModelList

-
GNSS-DifferentialCorrections

-
GNSS-NavigationModel

-
GNSS-RealTimeIntegrity

-
GNSS-DataBitAssistance

-
GNSS-AcquisitionAssistance

-
GNSS-Almanac

-
GNSS-UTC-Model

-
GNSS-AuxiliaryInformation

-
BDS-DifferentialCorrections

-
BDS-GridModelParameter

-
GNSS-RTK-Observations

-
GLO-RTK-BiasInformation

-
GNSS-RTK-MAC-CorrectionDifferences

-
GNSS-RTK-Residuals

-
GNSS-RTK-FKP-Gradients

-
GNSS-SSR-OrbitCorrections

-
GNSS-SSR-ClockCorrections

-
GNSS-SSR-CodeBias

-
OTDOA-UE-Assisted
These support UE-assisted and UE-based RAT independent positioning using A-GNSS and RTK and UE-assisted RAT dependent positioning using OTDOA. The same RAT independent assistance data elements are already supported for NR in Release 15 and the RAT dependent assistance data element for OTDOA can be replaced by one or more RAT dependent assistance data elements for NR that are aligned with new UE-assisted and UE-based RAT dependent position methods for NR.
Observation 1:
Broadcast of location assistance data by NG-RAN can support existing RAT independent assistance data elements for A-GNSS and RTK and new assistance data elements for new UE‑assisted and UE‑based RAT dependent position methods for NR.
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 with PSM or eDRX 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.
Observation 2:
Broadcast of location assistance data can reduce network signaling and load on network elements (e.g. LMF, AMF, gNB), reduce latency in obtaining assistance data at a UE, and reduce UE signaling and power usage. Ciphering of assistance data can also 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]. 

Observation 3:
Support of broadcast of location assistance data for NR can be used to help support broadcast of location assistance data for E-UTRA connected to 5GC.
2. 
Overview of Broadcast of Location Assistance Data
Figure 1 shows a high-level 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].
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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.

2.
The NG-RAN node includes the received System Information groups in RRC System Information Messages and corresponding scheduling information. 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 4:
A high level procedure for broadcast of location assistance data for NR can be based on the procedure for broadcast of location assistance data for E-UTRA connected to EPC in TS 36.305 [2]. In this procedure, the LMF would perform any segmentation and ciphering and provides pre-coded posSIBs to an NG-RAN node 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.
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 [11]. The definition includes the following.
-
Mapping of posSIB types to assistance data elements (clause 7.2 of TS 36.355 [11]).
-
UE procedures related to receiving broadcast information elements (clause 7.3 of TS 36.355 [11]).
-
Common content of broadcast information elements including support of ciphering, segmentation and update of information content (clause 7.4 of TS 36.355 [11]).
-
Content of a broadcast information element for OTDOA (clause 7.4.2 of TS 36.355 [11]).
-
Content of broadcast information elements for A-GNSS and RTK (clause 6.5.2.2 of TS 36.355 [11]).
-
Ciphering of broadcast information elements (clause 7.5 of TS 36.355 [11]).
The RAT independent broadcast information elements for A-GNSS and RTK defined in clause 6.5.2.2 of TS 36.355 [11] 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 [11] 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 [11] can be used.
The following extra definitions for NR support of broadcast of assistance data elements can then be added to LPP in TS 35.355 [11] or to a possible new TS created for a new NR positioning protocol (NPP).
· Mapping of NR posSIB types to assistance data elements.
· UE procedures related to receiving broadcast information elements for NR.
· Content of NR RAT dependent broadcast information elements.
Observation 5:
Assistance data elements for broadcast of location assistance data for NR can reuse existing definitions of broadcast information elements in TS 36.355 [11] 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 [10] 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 [10]).

-
LPPa Assistance Information Feedback (TS 36.455 clause 8.4.2, 9.1.3.2 [10]).
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 6:
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 7:
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 – Option A
With Option A, new positioning SIBs (posSIBs) are added to RRC in TS 38.331 [9] 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 [11]. 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 (in red) and is based on support for normal SI message scheduling in TS 38.331 [9] and on positioning SI message scheduling for E-UTRA connected to EPC in TS 36.331 [4]. 
-- ASN1START

SIB1-v16xy-IEs ::= SEQUENCE {


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 messages (and using the same si-WindowLength);
NOTE:
Separate SI-windows with a distinct si-WindowLength could be defined for positioning SI messages (FFS).

-
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 8:
New positioning SIBs (posSIBs) can be added to RRC in TS 38.331 [9] in a similar manner to inclusion of posSIBs for E-UTRA connected to EPC in TS 36.331 [4]. The content of RRC in TS 38.331 [9] allows for positioning SI messages to be broadcast on demand and to use the same SI‑windows and modification period boundaries and a similar SI Area ID to those for normal SI messages.
5.2
Broadcast by a gNB – Option B
With Option B, new positioning SIBs (posSIBs) are added to RRC in TS 38.331 [9] by defining one new SIB to contain assistance information elements. Scheduling of the new SIB would be supported as for other SIBs. Scheduling information for the assistance information elements within the new SIB can be supported using a second new SIB or using the same new SIB, e.g. with the scheduling information only appearing in certain SI messages for the new SIB. Assistance information elements within the new SIB can be either broadcast or not broadcast with a UE sending a random access request to request broadcast for assistance information elements which are not currently being broadcast. This option can avoid any impact to the content of SIB1 or to the scheduling of SI messages. However, the scheduling of assistance information elements may be more complex and/or more constrained than with Option A.

Observation 9:
New positioning SIBs (posSIBs) can be added to RRC in TS 38.331 [9] by defining one new SIB to contain assistance information elements and using the same new SIB or a second new SIB to provide scheduling information for the assistance information elements. With this option, there can be no impact to the content of SIB1 or to the scheduling of SI messages, but scheduling of assistance information elements may be more complex and/or more constrained than with inclusion according to Observation 8.
6. 
Proposal 
The following observations have been made. 
Observation 1:
Broadcast of location assistance data by NG-RAN can support existing RAT independent assistance data elements for A-GNSS and RTK and new assistance data elements for new UE‑assisted and UE‑based RAT dependent position methods for NR.
Observation 2:
Broadcast of location assistance data can reduce network signaling and load on network elements (e.g. LMF, AMF, gNB), reduce latency in obtaining assistance data at a UE, and reduce UE signaling and power usage. Ciphering of assistance data can also provide a revenue stream for operators.

Observation 3:
Support of broadcast of location assistance data for NR can be used to help support broadcast of location assistance data for E-UTRA connected to 5GC.
Observation 4:
A high level procedure for broadcast of location assistance data for NR can be based on the procedure for broadcast of location assistance data for E-UTRA connected to EPC in TS 36.305 [2]. In this procedure, the LMF would perform any segmentation and ciphering and provides pre-coded posSIBs to an NG-RAN node 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.

Observation 5:
Assistance data elements for broadcast of location assistance data for NR can reuse existing definitions of broadcast information elements in TS 36.355 [11] 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 6:
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 7:
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 8:
New positioning SIBs (posSIBs) can be added to RRC in TS 38.331 [9] in a similar manner to inclusion of posSIBs for E-UTRA connected to EPC in TS 36.331 [4]. The content of RRC in TS 38.331 [9] allows for positioning SI messages to be broadcast on demand and to use the same SI‑windows and modification period boundaries and a similar SI Area ID to those for normal SI messages.

Observation 9:
New positioning SIBs (posSIBs) can be added to RRC in TS 38.331 [9] by defining one new SIB to contain assistance information elements and using the same new SIB or a second new SIB to provide scheduling information for the assistance information elements. With this option, there can be no impact to the content of SIB1 or to the scheduling of SI messages, but scheduling of assistance information elements may be more complex and/or more constrained than with inclusion according to Observation 8.
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 by NG-RAN nodes (gNB and ng-eNB) for A-GNSS, RTK, OTDOA (for an ng-eNB) and UE​‑assisted and UE‑based RAT dependent NR position methods (for a gNB).

Proposal 2:
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 performs segmentation and ciphering and provides pre-coded positioning SIBs to an NG-RAN node 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 3:
Reuse existing definitions of broadcast information elements in TS 36.355 [11] 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 4:
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 5:
Support broadcast of assistance data by an ng-eNB by reusing existing RRC support in TS 36.331 [4].
Proposal 6:
Support broadcast of assistance data by a gNB by defining new positioning SIBs (posSIBs) for RRC in TS 38.331 [9] and evaluate whether to define posSIBs based on posSIB definition for E-UTRA connected to EPC in TS 36.331 [4] or by using one or more normal SIBs for RRC in TS 38.331 [9] dedicated to carrying assistance information elements and scheduling information.

It is proposed to capture the above proposals in TR 38.855 according to the TP contained in the Appendix which aligns with the description above except for the removal of the observations and some restructuring and editorial change to fit the organization of TR 38.855.
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Appendix - Text Proposal to TR 38.855
**** FIRST CHANGE ****

2
References

The following documents contain provisions which, through reference in this text, constitute provisions of the present document.

-
References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.

-
For a specific reference, subsequent revisions do not apply.

-
For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document. 
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[z3]
3GPP TS 23.271, "Functional stage 2 description of Location Services (LCS)".
[z4]
3GPP TS 36.331, "Evolved Universal Terrestrial Radio Access (E-UTRA); Radio Resource Control (RRC); Protocol specification". 
[z5]
3GPP TS 38.455, "NG-RAN; NR Positioning Protocol A (NRPPa)".
[z6]
3GPP TS 29.171, "Location Services (LCS); LCS Application Protocol (LCS-AP) between the Mobile Management Entity (MME) and Evolved Serving Mobile Location Centre (E-SMLC); SLs interface".
[z7]
3GPP TS 24.301, "Non-Access-Stratum (NAS) protocol for Evolved Packet System (EPS);    Stage 3".
[z8]
3GPP TS 23.008, "Organization of subscriber data".
[z9]
3GPP TS 38.331, "NR; Radio Resource Control (RRC) protocol specification".
[z10]
3GPP TS 36.455, "Evolved Universal Terrestrial Radio Access (E-UTRA); LTE Positioning Protocol A (LPPa)".
 **** NEXT CHANGE ****

3.2
Abbreviations

For the purposes of the present document, the abbreviations given in TR 21.905 [2] and the following apply. 
An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in TR 21.905 [2].

CID
Cell ID

ECID
Enhanced Cell ID

GNSS
Global Navigation Satellite System

LCS

LoCation Services

LMF
Location Management Function

LPP
LTE Positioning Protocol

posSIB
positioning SIB

OTDOA
Observed Time Of Arrival

TBS
Terrestrial Beacon System

UTDOA
Uplink Time Of Arrival

WLAN
Wireless Local Area Network
**** NEXT CHANGE ****

9.2
Procedure and protocol aspects

9.2.x

Broadcast of Location Assistance Data

9.2.x.1

Introduction

Positioning support for NG-RAN in Release 15 as defined in TS 38.305 [z1] does not include support for broadcast of location assistance data. However, support for broadcast of location assistance data was added in Release 15 for E-UTRA connected to EPC as described in TS 36.305 [z2] and TS 23.271 [z3] for stage 2 and in TS 36.331 [z4], TS 36.455 [z10], TS 36.355 [x1], TS 29.171 [z6], TS 24.301 [z7] and TS 23.008 [z8] for stage 3. Location assistance data that can be broadcast for E-UTRA connected to EPC in Release 15 comprises the following assistance data elements defined in TS 36.355 [x1]:

-
GNSS-ReferenceTime

-
GNSS-ReferenceLocation

-
GNSS-IonosphericModel

-
GNSS-EarthOrientationParameters

-
GNSS-RTK-ReferenceStationInfo

-
GNSS-RTK-CommonObservationInfo

-
GNSS-RTK-AuxiliaryStationData

-
GNSS-TimeModelList

-
GNSS-DifferentialCorrections

-
GNSS-NavigationModel

-
GNSS-RealTimeIntegrity

-
GNSS-DataBitAssistance

-
GNSS-AcquisitionAssistance

-
GNSS-Almanac

-
GNSS-UTC-Model

-
GNSS-AuxiliaryInformation

-
BDS-DifferentialCorrections

-
BDS-GridModelParameter

-
GNSS-RTK-Observations

-
GLO-RTK-BiasInformation

-
GNSS-RTK-MAC-CorrectionDifferences

-
GNSS-RTK-Residuals

-
GNSS-RTK-FKP-Gradients

-
GNSS-SSR-OrbitCorrections

-
GNSS-SSR-ClockCorrections

-
GNSS-SSR-CodeBias

-
OTDOA-UE-Assisted
These support UE-assisted and UE-based RAT independent positioning using A-GNSS and RTK and UE assisted RAT dependent positioning using OTDOA. The same RAT independent assistance data elements are already supported for NR in Release 15 and the RAT dependent assistance data element for OTDOA can be replaced by one or more RAT dependent assistance data elements for NR that are aligned with new UE-assisted and UE-based RAT dependent position methods for NR.

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 with PSM or eDRX 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 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 [z4]. 
9.2.x.2

Overview of Broadcast of Location Assistance Data

Figure 9.2.x.2-1 shows a high-level 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 [z2].
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Figure 9.2.x.2-1: 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.

2.
The NG-RAN node includes the received System Information groups in RRC System Information Messages and corresponding scheduling information. 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. 
9.2.x.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 [x1]. The definition includes the following.

-
Mapping of posSIB types to assistance data elements (clause 7.2 of TS 36.355 [x1]).
-
UE procedures related to receiving broadcast information elements (clause 7.3 of TS 36.355 [x1]).
-
Common content of broadcast information elements including support of ciphering, segmentation and update of information content (clause 7.4 of TS 36.355 [x1]).
-
Content of a broadcast information element for OTDOA (clause 7.4.2 of TS 36.355 [x1]).
-
Content of broadcast information elements for A-GNSS and RTK (clause 6.5.2.2 of TS 36.355 [x1]).
-
Ciphering of broadcast information elements (clause 7.5 of TS 36.355 [x1]).
The RAT independent broadcast information elements for A-GNSS and RTK defined in clause 6.5.2.2 of TS 36.355 [x1] 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 [x1] 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 [x1] can be used.
The following extra definitions for NR support of broadcast of assistance data elements can then be added to LPP in TS 35.355 [x1] or to a possible new TS created for a new NR positioning protocol (NPP).

-
Mapping of NR posSIB types to assistance data elements.
-
UE procedures related to receiving broadcast information elements for NR.
-
Content of NR RAT dependent broadcast information elements.
9.2.x.4

Transfer of Assistance Data from an LMF to NG RAN Node

For E-UTRA connected to EPC, LPPa in TS 36.455 [z10] 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 [z10]).

-
LPPa Assistance Information Feedback (TS 36.455 clause 8.4.2, 9.1.3.2 [z10]).
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. 
9.2.x.5

Broadcast of Assistance Data by an NG RAN Node

9.2.x.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 [z4]. This can be used to support existing broadcast assistance data elements for A-GNSS, RTK and OTDOA.
9.2.x.5.2

Broadcast by a gNB – Option A

With Option A, new positioning SIBs (posSIBs) are added to RRC in TS 38.331 [z9] in a similar manner to inclusion of posSIBs for E-UTRA connected to EPC in TS 36.331 [z4]. 

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 [z4]. Here, existing ASN.1 for TS 38.331 [z9] 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 [x1]. 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 (in red) and is based on support for normal SI message scheduling in TS 38.331 [z9] and on positioning SI message scheduling for E-UTRA connected to EPC in TS 36.331 [z4]. 

-- ASN1START

SIB1-v16xy-IEs ::= SEQUENCE {


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 messages (and using the same si-WindowLength);

NOTE:
Separate SI-windows with a distinct si-WindowLength could be defined for positioning SI messages (FFS).

-
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

9.2.x.5.3

Broadcast by a gNB – Option B

With Option B, new positioning SIBs (posSIBs) are added to RRC in TS 38.331 [z9] by defining one new SIB to contain assistance information elements. Scheduling of the new SIB would be supported as for other SIBs. Scheduling information for the assistance information elements within the new SIB can be supported using a second new SIB or using the same new SIB, e.g. with the scheduling information only appearing in certain SI messages for the new SIB. Assistance information elements within the new SIB can be either broadcast or not broadcast with a UE sending a random access request to request broadcast for assistance information elements which are not currently being broadcast. This option can avoid any impact to the content of SIB1 or to the scheduling of SI messages. However, the scheduling of assistance information elements may be more complex and/or more constrained than with Option A.
**** END OF CHANGE ****
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