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Introduction
One objective for the agreed work item [1] is to specify a new SIB to support broadcast of assistance data:

· Broadcasting of assistance data [RAN2, RAN3, SA3, SA2]
· Specify a new SIB to support signalling of positioning assistance information for A-GNSS, RTK and UE-based OTDOA assistance information. 
· Specify optional encryption procedure for broadcast assistance data, including mechanism for delivery of UE-specific encryption keys. 

In this paper, we discuss the SIB design.
[bookmark: _Ref178064866]Discussion
Separate Positioning SIB scheduling 
In 36.331, there is a limitation that a maximum of only 32 different SI messages can be scheduled. Considering that each SIB can be mapped theoretically to one SI message, this may be a bottleneck when at least more than 10 positioning SIBs need to be defined. 

[bookmark: _Toc510037017][bookmark: _Toc510512293][bookmark: _Toc510533943][bookmark: _Toc510608671][bookmark: _Toc510608849][bookmark: _Toc510725013]With already 20 defined SIB types, and an agreement to define SIB types per positioning assistance data type, this will sum up to more than 32 SIBs. This means that it will not be possible to schedule all SIBs in separate SI messages

The scheduling information for all the SI messages, including all the broadcasted SIB types, are included in SIB1. This means that SIB1 size can grow further in size. For NB-IoT and MTC devices, it is essential that the SIB1 size is lean, so those devices can acquire the SIB1 faster. Minimizing SIB1 acquisition duration is critical.

[bookmark: _Toc510037018][bookmark: _Toc510512294][bookmark: _Toc510533944][bookmark: _Toc510608672][bookmark: _Toc510608850][bookmark: _Toc510725014]Adding new Positioning SIBs information in SIB1 may impact SIB1 acquisition duration for LTE devices. Further, when SIB1 is extended with new positioning information in SIB1 for CAT-M and NB-IoT devices that will drastically impact the SIB acquisition duration.

The scheduling of the legacy SIBs is designed with certain requirements on periodicity, SI window length and validity periods in mind. However, the positioning system information comes with different requirements, such as short periodicities and validity of some assistance data, and a need to set the SI window to meet SIB acquisition time requirements. 

[bookmark: _Toc510037019][bookmark: _Toc510512295][bookmark: _Toc510533945][bookmark: _Toc510608673][bookmark: _Toc510608851][bookmark: _Toc510725015]Positioning SIBs are considered as an added service to the UE. On the other hand, SIB1 carries essential information such as PLMN-ID and hyperSFN bits and provides scheduling information for other SIB types that UE needs in order to access the Network. Thus, it is beneficial that Positioning SIB scheduling are defined separately from SIB1.

[bookmark: _Toc510037021][bookmark: _Toc510512286][bookmark: _Toc510518565][bookmark: _Toc510528327][bookmark: _Toc510528354][bookmark: _Toc510533629][bookmark: _Toc510533947][bookmark: _Toc510591899][bookmark: _Toc510608675][bookmark: _Toc510608853][bookmark: _Toc510608951][bookmark: _Toc510610169][bookmark: _Toc510725017][bookmark: _Toc510725091]Define a separate SIB scheduling decoupled from the scheduling information for other SIBs included in SIB1  to support the broadcast of positioning SIBs [2].


Supporting Fast Changing SIB content
Paging is used to notify change in system information broadcast content. For Positioning AD, some of the content may need to be updated very rapidly, for instance every 1s. In such case, using Paging would not be efficient as it will increase the Paging load and would require high Paging capacity dimensioning in the Network.
For the fast-changing SIBs, it will not be meaningful to use validity tags because the validity tag then would be updated very frequently and provide no useful information. It is currently limited to maximum 32 times that the valueTag can be updated in 3 hours. Thus, the fast-changing SIBs should be exempt from the validity tag. In fact, this can act as an indicator that the SIBs without validity tag are fast changing SIBs and UE should re-acquire these SIBs every time positioning request is triggered based on the scheduling information of the SIBs. 

[bookmark: _Toc510608674][bookmark: _Toc510608852][bookmark: _Toc510725016]Fast changing SIB content implies that every transmission of certain positioning SIB types contains new information, and the value tag framework will not provide benefits for such positioning SIBs

[bookmark: _Toc510608676][bookmark: _Toc510608854][bookmark: _Toc510608952][bookmark: _Toc510610170][bookmark: _Toc510037023][bookmark: _Toc510188763][bookmark: _Toc510199024][bookmark: _Toc510205846][bookmark: _Toc510206016][bookmark: _Toc510208874][bookmark: _Toc510512287][bookmark: _Toc510518566][bookmark: _Toc510528328][bookmark: _Toc510528355][bookmark: _Toc510533630][bookmark: _Toc510533948][bookmark: _Toc510591900][bookmark: _Toc510725018][bookmark: _Toc510725092]Introduce an optional value tag for positioning SIBs, where the absence of value tag for a positioning SIB is interpreted that the UE shall re-acquire the SIB every time a positioning request is triggered.

SI Periodicity, Validity Tag, SI Window Length
The nature of positioning AD has a wide variation. Some of the content would be changed rapidly where as some of the contents may remain fixed for days. For information that is valid for a long time, unicast is a more attractive alternative than broadcast. Furthermore, the shortest legacy SI message periodicities of 80 ms and somewhat longer can be considered to not be needed. Therefore, a large variation in positioning SI periodicity is desired. It is also important to align the configurable periodicities to what is normally used in legacy NTRIP services. One of the suggestion is to use SI periodicity from a range of 1 second to 1 minute.
posSI-Periodicity						ENUMERATED {s1, s2, s3, s5, s10, s15, s30, s60, spare4, spare3, spare2, spare1}

[bookmark: _Toc510608677][bookmark: _Toc510608855][bookmark: _Toc510608953][bookmark: _Toc510610171][bookmark: _Toc510037024][bookmark: _Toc510188764][bookmark: _Toc510199025][bookmark: _Toc510205847][bookmark: _Toc510206017][bookmark: _Toc510208875][bookmark: _Toc510512288][bookmark: _Toc510518567][bookmark: _Toc510528329][bookmark: _Toc510528356][bookmark: _Toc510533631][bookmark: _Toc510533949][bookmark: _Toc510591901][bookmark: _Toc510725019][bookmark: _Toc510725093]Define the positioning SI periodicity independent from the legacy SI periodicity.

The SIB content when the validity tag for LTE device if unchanged, remains valid for a maximum of 3 hours. After 3 hours, UE updates the SIB content again. However, for Positioning SIBs this validity period can be longer. Some of the Positioning AD content can be very static in nature. RAN2 should discuss if the validity duration needs to be prolonged.
[bookmark: _Toc510512289][bookmark: _Toc510518568][bookmark: _Toc510528330][bookmark: _Toc510528357][bookmark: _Toc510533632][bookmark: _Toc510533950][bookmark: _Toc510591902][bookmark: _Toc510608678][bookmark: _Toc510608856][bookmark: _Toc510608954][bookmark: _Toc510610172][bookmark: _Toc510725020][bookmark: _Toc510725094]RAN2 to discuss if the validity tag interpretation needs to be changed for Positioning SIBs as compared to Legacy LTE SIBs.

The SI Window length is defined as below
si-WindowLength						ENUMERATED {
											ms1, ms2, ms5, ms10, ms15, ms20,
											ms40},
[bookmark: _Toc510518569][bookmark: _Toc510528331][bookmark: _Toc510528358][bookmark: _Toc510512290][bookmark: _Toc510533633][bookmark: _Toc510533951][bookmark: _Toc510591903]The legacy SI window is the same for all SI messages. As discussed above, it makes sense define a separate positioning SI window for the positioning SIBs to enable control over the specific periodicities and acquisition times required for the positioning SIBs. The same value range can be used also for the positioning SI window length:

posSi-WindowLength						ENUMERATED {
											ms1, ms2, ms5, ms10, ms15, ms20,
											ms40},

[bookmark: _Toc510608857][bookmark: _Toc510608955][bookmark: _Toc510610173][bookmark: _Toc510725021][bookmark: _Toc510725095]Define a separate positioning SI window length applicable for scheduling of positioning SI messages

[bookmark: _Toc510608680][bookmark: _Toc510608858][bookmark: _Toc510608956][bookmark: _Toc510610174][bookmark: _Toc510725022][bookmark: _Toc510725096]Reuse the SI window length value range for the positioning SI window
SIB Broadcast valid for multiple cells and certain area.
It may happen that Positioning SIBs are identical for multiple neighbour cells/cluster and in a specific region, typically defined by a TA or a TA list). In such cases, provision should be made to indicate to the UE that the UE does not need to reacquire the SIB upon moving to another cell. E-SMLC should indicate this to eNB and eNB should indicate to UE that SIB content is same in neighbour cells. E-SMLC may provide list of cells or certain information/indication where the content is same and eNB can notify to UE about the same.


[bookmark: _Toc510608859][bookmark: _Toc510608957][bookmark: _Toc510610175][bookmark: _Toc510725023][bookmark: _Toc510725097]RAN2 defines signaling to indicate to the UE that information from a set of cells in a region is the same

Critical or Use of Extension marker for Extension
Currently in the legacy design the SystemInformationBlockType (SIBs) are added after the ellipsis (extension marker). We would prefer the same way. As such, there is a restriction to extend the critical extension unless it’s structure is changed as below. ASN.1 rule in 36.331 prohibits the extension of critical extension for BCCH message in its current form. Further, there may be question if BCCH message can be critically extended.
Thus, preference would be to use the legacy extension as shown in CR [2]. With the approach that is suggested in the CR [2], only two new SIB types need to be defined in SystemInformation message and SIB-1. Thus, the legacy way of extension can be easily adopted.
All the Positioning SIBs are contained in one SIB container which provides easy maintance of Positioning SIBs. A separate Positioning SIB scheduling can be defined for scheduling Positioning SIBs [2].

-- ASN1START

BCCH-DL-SCH-Message ::= SEQUENCE {
    message               BCCH-DL-SCH-MessageType
}

BCCH-DL-SCH-MessageType ::= CHOICE {
    c1                    CHOICE {
       systemInformation                     SystemInformation,
       systemInformationBlockType1            SystemInformationBlockType1
    },
    later                      CHOICE {
       c2                        CHOICE {
	   pos-SystemInformation—r15		Pos-SystemInformation-r15,
   	   spare1				NULL                 },
messageClassExtension   SEQUENCE {}
   }
}

-- ASN1STOP

[bookmark: _Toc510591907][bookmark: _Toc510608681][bookmark: _Toc510608860][bookmark: _Toc510608958][bookmark: _Toc510610176][bookmark: _Toc510725024][bookmark: _Toc510725098]Use the legacy ellipsis marker for extension.
[bookmark: _Toc510591908][bookmark: _Toc510608682][bookmark: _Toc510608861][bookmark: _Toc510608959][bookmark: _Toc510610177][bookmark: _Toc510725025][bookmark: _Toc510725099]A Positioning SIB container and Positioning SIB scheduler is defined for easy maintance and flexibility for Positioning AD Broadcast. 

Positioning SIB types and Generic SIB Definition
From [3], the Positioning Broadcast may be supported for the below messages.

	
	posSibTypeX-Y.
	assistanceDataElement

	GNSS Common Assistance Data
	posSibType1.1
	GNSS-ReferenceTime

	
	posSibType1.2
	GNSS-ReferenceLocation

	
	posSibType1.3
	GNSS-IonosphericModel

	
	posSibType1.4
	GNSS-EarthOrientationParameters

	
	posSibType1.5
	GNSS-RTK-ReferenceStationInfo

	
	posSibType1.6
	GNSS-RTK-CommonObservationInfo

	
	posSibType1.7
	GNSS-RTK-AuxiliaryStationData

	GNSS Generic Assistance Data
	posSibType2.1
	GNSS-TimeModelList

	
	posSibType2.2
	GNSS-DifferentialCorrections

	
	[bookmark: _Hlk505571245]posSibType2.3
	GNSS-NavigationModel

	
	posSibType2.4
	GNSS-RealTimeIntegrity

	
	posSibType2.5
	GNSS-DataBitAssistance

	
	posSibType2.6
	GNSS-AcquisitionAssistance

	
	posSibType2.7
	GNSS-Almanac

	
	posSibType2.8
	GNSS-UTC-Model

	
	posSibType2.9
	GNSS-AuxiliaryInformation

	
	posSibType2.10
	BDS-DifferentialCorrections

	
	posSibType2.11
	BDS-GridModelParameter

	
	posSibType2.12
	GNSS-RTK-Observations

	
	posSibType2.13
	GLO-RTK-BiasInformation

	
	posSibType2.14
	GNSS-RTK-MAC-CorrectionDifferences

	
	posSibType2.15
	GNSS-RTK-Residuals

	
	posSibType2.16
	GNSS-RTK-FKP-Gradients

	
	posSibType2.17
	GNSS-SSR-OrbitCorrections

	
	posSibType2.18
	GNSS-SSR-ClockCorrections

	
	posSibType2.19
	GNSS-SSR-CodeBias

	OTDOA Assistance Data 
	posSibType3.1
	OTDOA UE Assisted

	
	posSibType3.2
	OTDOA UE Based

	
	posSibType3.3
	OTDOA UE Assisted NB

	
	posSibType3.4
	OTDOA UE Based NB



In RRC, the Positioning SIB types can be defined as below in one of the SIB container as below.
SystemInformationBlockTypeXX

The IE SystemInformationBlockTypeXX contains Positioning SIBs that are used to broadcast RTK Assistance data [LPP]
SystemInformationBlockTypeXX -r15 message
-- ASN1START

SystemInformationBlockTypeXX-r15	::=   SEQUENCE {
-- Positioning SI contents –
	pos-sib-TypeAndInfo				SEQUENCE (SIZE (1..maxSIB)) OF CHOICE {
		posSib-1.1							PositioningSystemInformationBlockType-r15,
		posSib-1.2							PositioningSystemInformationBlockType-r15,
		posSib-1.3							PositioningSystemInformationBlockType-r15,
		posSib-1.4							PositioningSystemInformationBlockType-r15,
		posSib-1.5							PositioningSystemInformationBlockType-r15,
		posSib-1.6							PositioningSystemInformationBlockType-r15,
		posSib-1.7							PositioningSystemInformationBlockType-r15,
		posSib-2.1							PositioningSystemInformationBlockType-r15,
		posSib-2.2							PositioningSystemInformationBlockType-r15,
		posSib-2.3							PositioningSystemInformationBlockType-r15,
		posSib-2.4							PositioningSystemInformationBlockType-r15,
		...
	},
    nonCriticalExtension               SEQUENCE {}                       OPTIONAL
}

-- ASN1STOP

From RRC perspective, each of the positioning SIBs carry an Octet String, hence a generic definition of each of the Positioning types can be defined as below. The actual Positioning table as above can be defined in LPP spec. E-SMLC can map the Positioning SIBs to integer. In RRC spec, thus the integer can be referenced making the actual SIB content eNB agnostic.

[bookmark: _Toc510608683][bookmark: _Toc510608862][bookmark: _Toc510608960][bookmark: _Toc510610178][bookmark: _Toc510725026][bookmark: _Toc510725100]Positioning SIB contents are only defined in E-SMLC. From eNB perspective, it is agnostic and only refers the SIB types by integer/Bit String fields.

PositioningSystemInformationBlockType message
-- ASN1START

PositioningSystemInformationBlockType-r15 ::=	SEQUENCE {
[bookmark: OLE_LINK16][bookmark: OLE_LINK17]	gnss-id								ENUMERATED{ gps, sbas, qzss, galileo, glonass, bds, ... },                        OPTIONAL
	keyIdenx							BIT STRING (SIZE (TBD)),
	messageIdentifier					BIT STRING (SIZE (TBD)),
	messageSegmentType					ENUMERATED {notLastSegment, lastSegment},
	messageSegmentNumber				INTEGER (0..TBD),
	messageSegment						OCTET STRING,
	sameContentCellList					SameContentCellList				OPTIONAL
		...,
	lateNonCriticalExtension				OCTET STRING				OPTIONAL
}
SameContentCellList ::=		SEQUENCE (SIZE (1..maxCells)) OF PhysCellId


 
Meta data containing GNSS ID, Key Index and message identifier should be provided by E-SMLC to eNB. The SIB content may be similar but differs with respect to GNSS ID. This should be indicated by E-SMLC.

[bookmark: _GoBack]Similarly, E-SMLC should provide the key index of the ciphering keys that has been used to cipher the message. This can be later used by UE to verify if it has corrected key or not. Thus, any un-necessary attempt to decrypt the content can be avoided. The message identifier should be provided by E-SMLC. eNB based upon that information can map the content to the correct PositioningSystemInformationBlockType.

[bookmark: _Toc510610179][bookmark: _Toc510725027][bookmark: _Toc510725101]E-SMLC provides the meta data GNSS-ID, Key Index and message Identifier to eNB.


eNB will perform the segmentation, thus it can provide the message Segment Number with the indication if it is either a last segment or continuation.

[bookmark: _Toc510610180][bookmark: _Toc510725028][bookmark: _Toc510725102]eNB performs segmentation and provides the message segment number and information whether it is last segment or not.


Positioning SIB scheduling Info
A positioning SIB scheduling as below is defined which schedules the new Positioning SIB messages. This provides flexibility to schedule differently than the legacy SIB1. Further, it does not add any extra bits in SIB1 as it is defined as a separate SIB type.

SystemInformationBlockTypeYY
The IE SystemInformationBlockTypeYY contains scheduling information for Positioning SIBs that are used to broadcast RTK Assistance data [LPP].
PositioningSIBScheduling  message
-- ASN1START

SystemInformationBlockTypeYY-r15::=		SEQUENCE {
	posSchedulingInfoList					PosSchedulingInfoList
	posSystemInfoValueTagPosList-r15				PosSystemInfoValueTagPosList-r15	OPTIONAL	-- Need OR
	posSI-WindowLength						ENUMERATED {
											ms1, ms2, ms5, ms10, ms15, ms20,ms40}
}
PosSchedulingInfoList ::= SEQUENCE (SIZE (1..maxPos-Message)) OF PosSchedulingInfo

PosSchedulingInfo ::=	SEQUENCE {
	posSI-Periodicity						ENUMERATED {
											s1, s5, s15, s30, s60, spare4, spare3, spare2, spare1},
	pos-SIB-MappingInfo						Pos-SIB-MappingInfo
}

Pos-SIB-MappingInfo ::= SEQUENCE (SIZE (0..maxPosSIB)) OF SIB-Type

SIB-Type ::=						ENUMERATED {
										posSib-1, posSib-2, posSib-3, posSib-4,
										posSib-5, posSib-6, posSib-7, posSib-8,
										posSib-9, posSib-10, posSib-11, spare5, spare4, spare3, spare2, spare1}
										}

PosSystemInfoValueTagPosList-r15 ::=		SEQUENCE (SIZE (1..maxPos-Message)) OF PosSystemInfoValueTagPos-r15

PosSystemInfoValueTagPos-r15 ::=		INTEGER (0..31)


maxPosSIB					INTEGER ::= 32



[bookmark: _Toc510608684][bookmark: _Toc510608863][bookmark: _Toc510608961][bookmark: _Toc510610181][bookmark: _Toc510725029][bookmark: _Toc510725103]A separate Positioning SIB Scheduling message as above is defined.



Conclusion
In section 2 we made the following observations:
Observation 1	With already 20 defined SIB types, and an agreement to define SIB types per positioning assistance data type, this will sum up to more than 32 SIBs. This means that it will not be possible to schedule all SIBs in separate SI messages
Observation 2	Adding new Positioning SIBs information in SIB1 may impact SIB1 acquisition duration for LTE devices. Further, when SIB1 is extended with new positioning information in SIB1 for CAT-M and NB-IoT devices that will drastically impact the SIB acquisition duration.
Observation 3	Positioning SIBs are considered as an added service to the UE. On the other hand, SIB1 carries essential information such as PLMN-ID and hyperSFN bits and provides scheduling information for other SIB types that UE needs in order to access the Network. Thus, it is beneficial that Positioning SIB scheduling are defined separately from SIB1.
Observation 4	Fast changing SIB content implies that every transmission of certain positioning SIB types contains new information, and the value tag framework will not provide benefits for such positioning SIBs

Based on the discussion in section 2 we propose the following:
Proposal 1	Define a separate SIB scheduling decoupled from the scheduling information for other SIBs included in SIB1  to support the broadcast of positioning SIBs [2].
Proposal 2	Introduce an optional value tag for positioning SIBs, where the absence of value tag for a positioning SIB is interpreted that the UE shall re-acquire the SIB every time a positioning request is triggered.
Proposal 3	Define the positioning SI periodicity independent from the legacy SI periodicity.
Proposal 4	RAN2 to discuss if the validity tag interpretation needs to be changed for Positioning SIBs as compared to Legacy LTE SIBs.
Proposal 5	Define a separate positioning SI window length applicable for scheduling of positioning SI messages
Proposal 6	Reuse the SI window length value range for the positioning SI window
Proposal 7	RAN2 defines signaling to indicate to the UE that information from a set of cells in a region is the same
Proposal 8	Use the legacy ellipsis marker for extension.
Proposal 9	A Positioning SIB container and Positioning SIB scheduler is defined for easy maintance and flexibility for Positioning AD Broadcast.
Proposal 10	Positioning SIB contents are only defined in E-SMLC. From eNB perspective, it is agnostic and only refers the SIB types by integer/Bit String fields.
Proposal 11	E-SMLC provides the meta data GNSS-ID, Key Index and message Identifier to eNB.
Proposal 12	eNB performs segmentation and provides the message segment number and information whether it is last segment or not.
Proposal 13	A separate Positioning SIB Scheduling message as above is defined.
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