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1.
Introduction
The support for the Beidou Navigation Satellite System (BDS) has been added to the LPP protocol as part of the WI LCS_BDS-LTE-Core. The work consisted of modifications in the Common and Generic Assistance Data elements as well as of addition of a few BDS-specific Information Elements. 

The technical work was based on Beidou Navigation Satellite System Interface Control Document (ICD) Version1.0 (released in December 2012), which is now outdated and replaced by Version 2.0, released in December 2013. The actual Beidou satellite data broadcast is based on functionality, messages and parameters defined in the ICD Version 2.0.

2. 
Context and Scope

The present paper summaries the changes needed in the LPP (TS 36.355, v12.2.0) to ensure the compatibility with Beidou ICD Version 2.0 and with the real satellite data broadcast. The current functionality and information elements defined in the LPP (v12.2.0) are no longer fully aligned actual performance of the Beidou system and prevent productization of the Assisted-Beidou functionality with the expected positioning performance relying on the LPP.    

Anticipated changes needed in the LPP are presented in the following Chapters.

2.1 
Change 1. Beidou ICD Version Update

Beidou ICD was updated into version 2.0 in December 2013. The new version also introduced some changes in the parameter definitions which are clarified later in this paper. 
The current version of TS 36.355 refers to the Version 1.0 (December 2012) which needs to be updated in the references i.e. chapter 2 of 36.355 and especially reference [23].
Proposal 1: Update reference of 36.355 with new version of Beidou ICD 
2.2 
Change 2. GNSS Time Model Update (tA1)
The tA1-parameter in the GNSS-TimeModelList specifies the drift (1st order) coefficient for the GNSS-GNSS system time offset model. The value range for the tA1-parameter is specified in TS 36.355 as (bolded):

GNSS-TimeModelElement ::= SEQUENCE {


gnss-TimeModelRefTime

INTEGER (0..65535),


tA0

 




INTEGER (-67108864..67108863),


tA1

 




INTEGER (-4096..4095) 




OPTIONAL,
-- Need ON


tA2

 




INTEGER (-64..63) 





OPTIONAL,
-- Need ON


gnss-TO-ID 




INTEGER (1..15),


weekNumber 




INTEGER (0..8191) 





OPTIONAL,
-- Need ON


deltaT





INTEGER (-128..127)





OPTIONAL,
-- Need ON


...

}

and it should be used with a scale factor of 2-51 seconds/second.  
The effective range of the tA1-parameter (scaled) in nanoseconds/second is currently:

(-0.00181898940354586.. 0.00181854531433601) ns/s

However, the Beidou ICD defines the tA1-parameter (see A1GPS-parameter in Beidou ICD V2.0, Chapters 5.2.4.18-5.2.4.20) with 16 bits (two’s complement) and with scale factor of 0.1 in ns/s giving now the effective range for the A1GPS-parameter:

(-3276.8.. 3276.7) ns/s
which clearly does not fit into the range of the current tA1-parameter in the GNSS-TimeModelList.
As the range of the tA1-parameter can no longer be changed (also used by other satellite navigation systems), a new parameter is needed in the GNSS-TimeModelList IE to carry the Beidou A1GPS-parameter without any loss of accuracy and resolution. The efficient range of the new Beidou-specific tA1-parameter in the units of ns/s needs to be at least  
(-3814.7.. 3814.7) ns/s -> INTEGER (-32768.. 32767)
which now covers the full range and resolution of the Beidou A1GPS-parameter assuming the scale factor of 0.1 ns/s [23]. The change needed in the GNSS-TimeModelList IE is presented in below (in red):
GNSS-TimeModelElement ::= SEQUENCE {


gnss-TimeModelRefTime

INTEGER (0..65535),


tA0

 




INTEGER (-67108864..67108863),


tA1

 




INTEGER (-4096..4095) 




OPTIONAL,
-- Need ON


tA2

 




INTEGER (-64..63) 





OPTIONAL,
-- Need ON


gnss-TO-ID 




INTEGER (1..15),


weekNumber 




INTEGER (0..8191) 





OPTIONAL,
-- Need ON


deltaT





INTEGER (-128..127)





OPTIONAL,
-- Need ON


...

bdstA1-r12




INTEGER (-32768.. 32767)
OPTIONAL
-- Cond
GNSS-ID-BDS

}

	GNSS-TimeModelElement field descriptions

	gnss-TimeModelRefTime 

This field specifies the reference time of week for GNSS-TimeModelElement and it is given in GNSS specific system time.

Scale factor 24 seconds.

	tA0

This field specifies the bias coefficient of the GNSS-TimeModelElement.

Scale factor 2-35 seconds.

	tA1

This field specifies the drift coefficient of the GNSS-TimeModelElement.

 Scale factor of 2-51 seconds/second.

	tA2

This field specifies the drift rate correction coefficient of the GNSS-TimeModelElement.

 Scale factor of 2-68 seconds/second2.

	gnss-TO-ID 

This field specifies the GNSS system time of the GNSS for which the GNSS-TimeModelElement is applicable. GNSS-TimeModelElement contains parameters to convert GNSS system time from the system indicated by GNSS‑ID to GNSS system time indicated by gnss-TO-ID. The conversion is defined in [4,5,6]. See table of gnss-TO-ID to Indication relation below. 

	weekNumber 

This field specifies the reference week of the GNSS-TimeModelElement given in GNSS specific system time. 

Scale factor 1 week.

	deltaT 

This field specifies the integer number of seconds of the GNSS-GNSS time offset provided in the GNSS-TimeModelElement. 

Scale factor 1 second.

	bdstA1

This field specifies the drift coefficient of the GNSS-TimeModelElement for the Beidou system [23].

Scale factor 0.1 nanoseconds/second.


	Conditional presence
	Explanation

	GNSS-ID-BDS
	The field is is mandatory present if the GNSS‑ID = bds; otherwise it is not present.


Proposal 2: Update tA1 parameter as above to take into account new resolution/value ranges of the Beidou ICD v2.0
2.3 
Change 3. AODE/AODC and IOD Parameters
The iod-parameter in the GNSS-NavigationModel field specifies the Issue of Data (IOD) i.e. contains the identity of the GNSS Navigation Model. The definition and implementation of the iod-parameter for the Beidou system was based on the parameter descriptions in the Beidou ICD Version 1.0, which have now changed in the ICD Version 2.0. Also, the original inclusion of the IODE/IODC –parameters to the iod-parameter has been done based on wrong assumptions about the nature of the Beidou IODC/IODE –parameters, which in the first place didn’t unambiguously even define the version/identity of the Navigation Model.

AODE and AODC
Beidou ICD Version 2.0 renames the IODC- and IODE-parameters to AODC- and AODE-parameters which now clearly indicate the purpose of the parameters as Age of Data, Clock (AODC) and Age of Data, Ephemeris (AODE) (See Beidou ICD Version 2.0, Chapters 5.2.4.9 and 5.2.4.11). As a consequence, the IODC/IODE-parameters no longer exist in the ICD Version 2.0.  

As the AODC- and AODC-parameters indicate the age of the clock and ephemeris models, they cannot be used in the iod-parameter, but the natural place for these parameters is actraully in the Beidou-specific Clock and Nav Models indicating the ages of these models. The compatibility with the ICD and also the correct functionality requires additions in the Beidou Clock and Nav Models as indicated in below (in red):
BDS-ClockModel

-- ASN1START

BDS-ClockModel-r12 ::= SEQUENCE {

bdsAODC-r12


INTEGER (0..31),


bdsToc-r12


INTEGER (0..131071),


bdsA0-r12


INTEGER (-8388608..8388607),

bdsA1-r12


INTEGER (-2097152..2097151),

bdsA2-r12


INTEGER (-1024..1023),

bdsTgd1-r12


INTEGER (-512..511),


...

}

-- ASN1STOP

	BDS-ClockModel field descriptions

	bdsAODC

Parameter Age of Data, Clock (AODC), see [23, Table 5-6].

	bdsToc
Parameter Toc, Time of clock (seconds) [23].

Scale factor 23 seconds.

	bdsA0

Parameter a0, Clock correction polynomial coefficient (seconds) [23].
Scale factor 2-33 seconds.

	bdsA1

Parameter a1, Clock correction polynomial coefficient (sec/sec) [23].
Scale factor 2-50 sec/sec.

	bdsA2

Parameter a2, Clock correction polynomial coefficient (sec/sec2) [23].

Scale factor 2-66 sec/sec2.

	bdsTgd1
Parameter Equipment group delay differential TGD1 [23].

Scale factor is 0.1 nanosecond.


Proposal 3: Include AODC parameter as above as defined in the Beidou ICD v2.0
NavModel-BDS-KeplerianSet

-- ASN1START

NavModel-BDS-KeplerianSet-r12 ::= SEQUENCE {

bdsAODE-r12



INTEGER (0..31),


bdsURAI-r12



INTEGER (0..15),


bdsToe-r12



INTEGER (0..131071),

bdsAPowerHalf-r12

INTEGER (0..4294967295),

bdsE-r12



INTEGER (0..4294967295),

bdsW-r12



INTEGER (-2147483648..2147483647),

bdsDeltaN-r12


INTEGER (-32768..32767),

bdsM0-r12



INTEGER (-2147483648..2147483647),

bdsOmega0-r12


INTEGER (-2147483648..2147483647),

bdsOmegaDot-r12


INTEGER (-8388608..8388607),

bdsI0-r12



INTEGER (-2147483648..2147483647),

bdsIDot-r12



INTEGER (-8192..8191),

bdsCuc-r12



INTEGER (-131072..131071),

bdsCus-r12



INTEGER (-131072..131071),

bdsCrc-r12



INTEGER (-131072..131071),

bdsCrs-r12



INTEGER (-131072..131071),

bdsCic-r12



INTEGER (-131072..131071),

bdsCis-r12



INTEGER (-131072..131071),

...

}

-- ASN1STOP

	NavModel-BDS-KeplerianSet field descriptions

	bdsAODE
Parameter Age of Data, Ephemeris (AODE), see [23, Table 5-8].

	bdsURAI
Parameter URA Index, URA is used to describe the signal-in-space accuracy in meters as defined in [23].

	bdsToe 
Parameter toe, Ephemeris reference time (seconds) [23].

Scale factor 23 seconds.

	bdsAPowerHalf
Parameter A1/2, Square root of semi-major axis (meters1/2)[23].

Scale factor 2-19 meters1/2.

	bdsE 
Parameter e, Eccentricity , dimensionless [23].

Scale factor 2-33.

	bdsW


Parameter , Argument of perigee (semi-circles) [23].

Scale factor 2-31 semi-circles.

	bdsDeltaN
Parameter n, Mean motion difference from computed value (semi-circles/sec) [23].

Scale factor 2-43 semi-circles/sec.

	bdsM0

Parameter M0, Mean anomaly at reference time (semi-circles) [23].

Scale factor 2-31 semi-circles.

	bdsOmega0

Parameter 0, Longitude of ascending node of orbital of plane computed according to reference time (semi-circles) [23].
Scale factor 2-31 semi-circles.

	bdsOmegaDot 
Parameter 
[image: image1.wmf]W
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 Rate of right ascension (semi-circles/sec) [23].
Scale factor 2-43 semi-circles/sec.

	bdsI0

Parameter i0, Inclination angle at reference time (semi-circles) [23]
Scale factor 2-31 semi-circles.

	bdsIDot

Parameter Idot, Rate of inclination angle (semi-circles/sec) [23].

Scale factor 2-43 semi-circles/sec.

	bdsCuc
 
Parameter Cuc, Amplitude of cosine harmonic correction term to the argument of latitude (radians) [23].

Scale factor 2-31 radians.

	bdsCus

Parameter Cus, Amplitude of sine harmonic correction term to the argument of latitude (radians) [23].

Scale factor 2-31 radians.

	bdsCrc

Parameter Crc, Amplitude of cosine harmonic correction term to the orbit radius (meters) [23].

Scale factor 2-6 meters.

	bdsCrs

Parameter Crs, Amplitude of sine harmonic correction term to the orbit radius (meters) [23].

Scale factor 2-6 meters.

	bdsCic

Parameter Cic, Amplitude of cosine harmonic correction term to the angle of inclination (radians) [23].

Scale factor 2-31 radians.

	bdsCis

Parameter Cis, Amplitude of sine harmonic correction term to the angle of inclination (radians) [23].

Scale factor 2-31 radians.


Proposal 4: Include AODE parameter as above as defined in the Beidou ICD v2.0
IOD and IODExt
The ​iod-parameter by its definition identifies the GNSS Navigation Model. As Beidou system (data) lacks the true IOD-parameter for the Clock and Nav (ephemeris) models similar to the Modernized GPS, SBAS and QZSS systems, it is proposed to use the same logical approach for the idenfication of the GNSS Nav Model for Beidou as what is used for the mentioned other GNSS systems i.e.use the toe-parameter in the iod-field.
Unfortunately, the use of Beidou toe-parameter in the iod-parameter leads to a problem as the Beidou toe-parameer is a 17-bit parameter (See Beidou ICD Version 2.0, Table 5-10), but the iod-parameter in the GNSS-NavigationModel field only has 11 bits reserved as a bit string. Therefore, an extension is needed to carry the excess bits that do not fit into the iod-parameter. It is proposed to include the 6 MSBs of the Beidou toe-parameter in a new IOD extension field in order to carry the toe-parameter as a whole. Putting the MSBs in the extension field make the most sense from the idenficiation point of view as the LSBs are likely to change between the consequent issues of the ephemeris data while the MSBs could remain the same. The changes needed in the GNSS NavigationModel IE to include Beidou toe-parameter in the iod​-field are presented in the next (in red):
GNSS-NavigationModel
The IE GNSS-NavigationModel is used by the location server to provide precise navigation data to the GNSS capable target device. In response to a request from a target device for GNSS Assistance Data, the location server shall determine whether to send the navigation model for a particular satellite to a target device based upon factors like the T-Toe limit specified by the target device and any request from the target device for DGNSS (see also GNSS-DifferentialCorrections). GNSS Orbit Model can be given in Keplerian parameters or as state vector in Earth-Centered Earth-Fixed coordinates, dependent on the GNSS-ID and the target device capabilities. The meaning of these parameters is defined in relevant ICDs of the particular GNSS and GNSS specific interpretations apply. For example, GPS and QZSS use the same model parameters but some parameters have a different interpretation [7].

-- ASN1START

GNSS-NavigationModel ::= SEQUENCE {


nonBroadcastIndFlag 
INTEGER (0..1), 


gnss-SatelliteList 

GNSS-NavModelSatelliteList,


...

}

GNSS-NavModelSatelliteList ::= SEQUENCE (SIZE(1..64)) OF GNSS-NavModelSatelliteElement

GNSS-NavModelSatelliteElement ::= SEQUENCE {


svID 



SV-ID,


svHealth 


BIT STRING (SIZE(8)), 



iod 



BIT STRING (SIZE(11)),



gnss-ClockModel

GNSS-ClockModel,


gnss-OrbitModel

GNSS-OrbitModel,


...,


[[
svHealthExt-v12xy BIT STRING (SIZE(4))


OPTIONAL,

-- Need ON


bdsIODExt-r12
  BIT STRING (SIZE(6))


OPTIONAL

-- Cond
GNSS-ID-BDS


]]

}

	GNSS-NavigationModel field descriptions

	nonBroadcastIndFlag

This field indicates if the GNSS-NavigationModel elements are not derived from satellite broadcast data or are given in a format not native to the GNSS. A value of 0 means the GNSS-NavigationModel data elements correspond to GNSS satellite broadcasted data; a value of 1 means the GNSS-NavigationModel data elements are not derived from satellite broadcast. 

	gnss-SatelliteList

This list provides ephemeris and clock corrections for GNSS satellites indicated by SV‑ID.

	svHealth 

This field specifies the satellite’s current health. The health values are GNSS system specific. The interpretation of svHealth depends on the GNSS‑ID and is as shown in table GNSS to svHealth Bit String(8) relation below.

	iod 

This field specifies the Issue of Data and contains the identity for GNSS Navigation Model. 
In case of broadcasted GPS NAV ephemeris, the iod contains the IODC as described in [4].

In case of broadcasted Modernized GPS ephemeris, the iod contains the 11-bit parameter toe as defined in [4, Table 30-I] [6, Table 3.5-1]. 

In case of broadcasted SBAS ephemeris, the iod contains the 8 bits Issue of Data as defined in [10] Message Type 9. 

In case of broadcasted QZSS QZS-L1 ephemeris, the iod contains the IODC as described in [7]. 

In case of broadcasted QZSS QZS-L1C/L2C/L5 ephemeris, the iod contains the 11-bit parameter toe as defined in [7].

In case of broadcasted GLONASS ephemeris, the iod contains the parameter tb as defined in [9].

In the case of broadcasted Galileo ephemeris, the iod contains the IOD index as described in [8].

In the case of broadcasted BDS ephemeris, the iod contains the 11 LSB bits of the BDS toe parameter as defined in [23].

The interpretation of iod depends on the GNSS‑ID and is as shown in table GNSS to iod Bit String(11) relation below.

	svHealthExt

This field specifies the satellite’s additional current health. The health values are GNSS system specific. The interpretation of svHealthExt depends on the GNSS‑ID and is as shown in table GNSS to svHealthExt Bit String(4) relation below.

	bdsIODExt

This field contains the 6 MSB bits of the BDS toe parameter described in [23]. bdsIODExt field is mandatory present if the GNSS‑ID = bds; otherwise it is not present.


GNSS to iod Bit String(11) relation
	GNSS
	iod Bit String(11)

	
	Bit 1

(MSB)
	Bit 2
	Bit 3
	Bit 4
	Bit 5
	Bit 6
	Bit 7
	Bit 8
	Bit 9
	Bit 10
	Bit 11

(LSB)

	GPS L1/CA
	‘0’
	Issue of Data, Clock [4]

	Modernized GPS
	toe (seconds, scale factor 300, range 0 – 604500) [4,5,6]

	SBAS
	‘0’
	‘0’
	‘0’
	Issue of Data ([10], Message Type 9)

	QZSS QZS-L1
	‘0’
	Issue of Data, Clock [7]

	QZSS

QZS-L1C/L2C/L5
	toe (seconds, scale factor 300, range 0 – 604500) [7]

	GLONASS
	‘0’
	‘0’
	‘0’
	‘0’
	tb (minutes, scale factor 15, range 0 – 1425) [9]

	Galileo
	‘0’
	IODnav [8]

	BDS
	11 LSB bits of toe (seconds, scale factor 8, range 0 – 604792) [23] 


GNSS to svHealthExt Bit String(4) relation
	GNSS
	svHealthExt Bit String(4)

	
	Bit 1

(MSB)
	Bit 2
	Bit 3
	Bit 4
(LSB)

	Galileo [8, section 5.1.9.3]
	E5b Signal Health Status
	E1-B Signal Health Status


GNSS to bdsIODExt Bit String(6) relation
	GNSS
	bdsIODExt Bit String(6)

	
	Bit 1

(MSB)
	Bit 2
	Bit 3
	Bit 4
	Bit 5


	Bit 6

(LSB)

	BDS [23, Table 5-10]
	6 MSB bits of toe (seconds, scale factor 8, range 0 – 604792) [23]


Proposal 5: Extend the value range of IOD parameter to take into account Beidou ICD v2.0 as shown above
2.4
Change 4. BDS Satellite Specific Ionospheric Models

The current version of the LPP only allows delivery of the common ionospheric model for the Beidou system and it assumes that the ionospheric model is the same for all the satellites in the constellation. However, the Beidou ICD (Versions 1.0 and 2.0) specifies that the ionospheric model is part of the Fundamental Nav information which is delivered together with the clock and ephemeris data having a nominal update rate of every 1 h (See Beidou ICD Version 2.0, Table 5.1 in below). In other words, the ICD does not exclude the possibility that the ionospheric model would be satellite specific and updated several times during the day. 
[image: image2.emf]
The data observed from the live Beidou satellites also contradicts with the use of the common ionospheric model. Satellite broadcast data (ionospheric model) from the Beidou satellites provided by Rxnetworks from August 28th, 2014 indicates the following:

2014-08-28 13:22:01.149 PDT - BDS Ionospheric Model for satId: 4 alpha0: 23 alpha1: 52 alpha2: -56 alaph3: 106 beta0: 60 beta1: -13 beta2: 8 beta3: 16 wn: 451 toe: 52200 
2014-08-28 13:22:01.195 PDT - BDS Ionospheric Model for satId: 3 alpha0: 23 alpha1: 52 alpha2: -56 alaph3: 106 beta0: 60 beta1: -13 beta2: 8 beta3: 16 wn: 451 toe: 52200 
2014-08-28 13:22:01.222 PDT - BDS Ionospheric Model for satId: 1 alpha0: 23 alpha1: 52 alpha2: -56 alaph3: 106 beta0: 60 beta1: -13 beta2: 8 beta3: 16 wn: 451 toe: 52200 
2014-08-28 13:22:01.347 PDT - BDS Ionospheric Model for satId: 5 alpha0: 23 alpha1: 52 alpha2: -56 alaph3: 106 beta0: 60 beta1: -13 beta2: 8 beta3: 16 wn: 451 toe: 52200 
2014-08-28 13:22:01.371 PDT - BDS Ionospheric Model for satId: 2 alpha0: 23 alpha1: 52 alpha2: -56 alaph3: 106 beta0: 60 beta1: -13 beta2: 8 beta3: 16 wn: 451 toe: 52200 
2014-08-28 13:22:03.592 PDT - BDS Ionospheric Model for satId: 11 alpha0: 23 alpha1: 52 alpha2: -56 alaph3: 106 beta0: 60 beta1: -13 beta2: 6 beta3: 21 wn: 451 toe: 52200 
2014-08-28 13:22:03.631 PDT - BDS Ionospheric Model for satId: 6 alpha0: 23 alpha1: 52 alpha2: -56 alaph3: 106 beta0: 60 beta1: -13 beta2: 8 beta3: 16 wn: 451 toe: 52200 
2014-08-28 13:22:03.658 PDT - BDS Ionospheric Model for satId: 9 alpha0: 23 alpha1: 52 alpha2: -56 alaph3: 106 beta0: 60 beta1: -13 beta2: 8 beta3: 16 wn: 451 toe: 52200 
2014-08-28 13:22:03.670 PDT - BDS Ionospheric Model for satId: 10 alpha0: 23 alpha1: 52 alpha2: -56 alaph3: 106 beta0: 60 beta1: -13 beta2: 8 beta3: 16 wn: 451 toe: 52200 
2014-08-28 13:22:03.673 PDT - BDS Ionospheric Model for satId: 8 alpha0: 22 alpha1: 53 alpha2: -57 alaph3: 107 beta0: 62 beta1: -21 beta2: 19 beta3: 10 wn: 451 toe: 52200 
2014-08-28 13:22:03.755 PDT - BDS Ionospheric Model for satId: 12 alpha0: 23 alpha1: 52 alpha2: -56 alaph3: 106 beta0: 61 beta1: -16 beta2: 9 beta3: 18 wn: 451 toe: 52200 
2014-08-28 13:22:03.779 PDT - BDS Ionospheric Model for satId: 7 alpha0: 23 alpha1: 52 alpha2: -56 alaph3: 106 beta0: 60 beta1: -13 beta2: 8 beta3: 16 wn: 451 toe: 52200 
2014-08-28 13:22:03.832 PDT - BDS Ionospheric Model for satId: 14 alpha0: 23 alpha1: 52 alpha2: -56 alaph3: 106 beta0: 60 beta1: -13 beta2: 8 beta3: 16 wn: 451 toe: 52200
· the Beidou satellites are transmitting 4 different sets of ionospheric model parameters within the same toe. 

As a conclusion, as the current implementation in 36.355 does not support delivery of satellite specific ionospheric models, a new IE is needed (and proposed) to carry the satellite specific ionospheric models per Beidou satellite. 
BDS-Ionospheric Models IE
Since the possibility to have satellite specific ionospheric models is Beidou specific, it is proposed that the new IE is BDS-specific. In addition to the ionospheric model parameters (Klobuchar model), the IE also needs to have the means to identify the satellite and a time stamp to unambiguously link the ionospheric model with the corresponding issue of the GNSS-NavigationModel. The proposed new IE is described in below.

BDS-IonosphericModels

The IE BDS-IonosphericModels is used by the location server to provide the BDS satellite specific ionospheric models from the Fundamental NAV Information to the target device. The BDS ionospheric models are referenced to the BDS Navigation Models by svID and Toe.
-- ASN1START

BDS-IonosphericModelsList-r12 ::= SEQUENCE (SIZE(1..64)) OF BDS-IonosphericModels-r12

BDS-IonosphericModels-r12 ::= SEQUENCE {

svID 



SV-ID,

bdsToe-r12


INTEGER (0..131071),

alfa0



INTEGER (-128..127),


alfa1



INTEGER (-128..127),


alfa2



INTEGER (-128..127),


alfa3



INTEGER (-128..127),


beta0



INTEGER (-128..127),


beta1



INTEGER (-128..127),


beta2



INTEGER (-128..127),


beta3



INTEGER (-128..127),


...

}
-- ASN1STOP

	BDS-IonosphericModels field descriptions

	bdsToe 
Parameter toe, Ephemeris reference time (seconds) [23]. This parameter must have the same value as bdsToe in NavModel-BDS-KeplerianSet for the same BDS satellite indicated by svID. The location server sets the toe parameter to the ionospheric model.
Scale factor 23 seconds.

	alpha0

This field specifies the 0 parameter of the Klobuchar model, as specified in [23].

Scale factor 2-30 seconds.

	alpha1

This field specifies the 1 parameter of the Klobuchar model, as specified in [23].

Scale factor 2-27 seconds/semi-circle.

	alpha2

This field specifies the 2 parameter of the Klobuchar model, as specified in [23].

Scale factor 2-24 seconds/semi-circle2.

	alpha3

This field specifies the 3 parameter of the Klobuchar model, as specified in [23].

Scale factor 2-24 seconds/semi-circle3.

	beta0

This field specifies the 0 parameter of the Klobuchar model, as specified in [23].

Scale factor 211 seconds.

	beta1

This field specifies the 1 parameter of the Klobuchar model, as specified in [23].

Scale factor 214 seconds/semi-circle.

	beta2

This field specifies the 2 parameter of the Klobuchar model, as specified in [23].

Scale factor 216 seconds/semi-circle2.

	beta3

This field specifies the 3 parameter of the Klobuchar model, as specified in [23].

Scale factor 216 seconds/semi-circle3.


The actual CR should also describe the changes needed in the Req and Support messages for the BDS-Ionospheric Models.

Proposal 6: Allow BDS ionosperhic models to be satellite specific as is possible and observed as well from real satellites
3. 
The Way Forward

The existing implementation for the Beidou Assistance Data in TS 36.355 v12.2.0 is not valid due to the changes in the Beidou ICD between versions 1.0 and 2.0, and also due to the observed behaviour of the Beidou satellite data broadcast that cannot be supported with the current information elements.
This paper proposed a set of mandatory changes that are needed to ensure the compatibility with the latest Beidou ICD and also with the observed performance of the satellite data broadcast:

Proposal 1: Update reference of 36.355 with new version of Beidou ICD 

Proposal 2: Update tA1 parameter as above to take into account new resolution/value ranges of the Beidou ICD v2.0
Proposal 3: Include AODC parameter as defined in the Beidou ICD v2.0
Proposal 4: Include AODE parameter as defined in the Beidou ICD v2.0
Proposal 5: Extend the value range of IOD parameter to take into account Beidou ICD v2.
Proposal 6: Allow BDS ionosperhic models to be satellite specific as is possible and observed as well from real satellites.
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