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1. Background
New work item Support for BeiDou Navigation Satellite System (BDS) was approved [1] in RAN#59. The objective of this WI is to introduce BDS in A-GNSS/GANSS positioning method in both LTE and UMTS systems. CRs to stage 2 have been endorsed in RAN2#83 and RAN3 can start their work from October meeting. Introducing BDS has no impact on RAN3 LTE specifications, the impact on RAN3 UMTS specifications is analyzed in this paper. 
BDS is a global navigation satellite system consisting of 35 satellites, including 5 Geostationary Earth Orbit (GEO) satellites, 27 Medium Earth Orbit (MEO) satellites, and 3 Inclined Geosynchronous Satellite Orbit (IGSO) satellites. All the satellites are planned to be deployed by 2020. BDS has begun to provide services to customers in Asia-Pacific region since December 2012.

2. Discussion
2.1. Progress in RAN2

According to the WID [1], support of BDS will be introduced based on the existing GANSS framework, i.e., there will be no impact on the network architecture and no new protocol procedures will be introduced. The same principle applies to RAN3 work on BDS WI.
During last two RAN2 meetings, stage 2 CR was endorsed [2]. The impact to RAN2 specifications was analyzed and open issues were identified during stage 3 discussions. Following agreements have been made in RAN2:

1) Define new GANSS ID for BDS and introduce Clock Model, Orbit Model, UTC Model, Almanac, Ionospheric Model and differential corrections for BDS.
2) Introduce the Almanac Model for BDS in 25.331 as below:
	Information Element/Group name
	Need
	Multi
	Type and Reference
	Semantics description

	BDS Keplerian Parameters
(“Model 7”)
	OP
	
	
	

	>Satellite information BDS-KP
	MP
	1 to <maxGANSSSat>
	
	

	>>SV ID
	MP
	
	INTEGER (0..63)
	Satellite ID, as defined in Note 2 of 10.3.7.88b.

	>>toa
	MP
	
	BIT STRING(8)
	Almanac reference time
(seconds) [XX]**

	>>A1/2
	MP
	
	BIT STRING(24)
	Square root of semi-major axis
(meters1/2) [XX]

	>>e
	MP
	
	BIT STRING(17)
	Eccentricity , 
dimensionless [XX]

	>>
	MP
	
	BIT STRING(24)
	Argument of Perigee
(semi-circles) [XX]

	>>M0
	MP
	
	BIT STRING(24)
	Mean anomaly at reference time
(semi-circles) [XX]

	>>0
	MP
	
	BIT STRING(24)
	Longitude of ascending node of orbital plane computed according to reference time
(semi-circles) [XX]

	>>_dot
	MP
	
	BIT STRING(17)
	Rate of right ascension
(semi-circles/sec) [XX]

	>>i
	MP
	
	BIT STRING(16)
	Correction of orbit reference inclination at reference time
(semi-circles) [XX]

	>>a0
	MP
	
	BIT STRING(11)
	Satellite clock bias
(seconds) [XX]

	>>a1
	MP
	
	BIT STRING(11)
	Satellite clock rate
(sec/sec) [XX]

	>>Hea 
	MP
	
	BIT STRING(9)
	Satellite Health Information
dimensionless [XX]


**: [XX] is the reference number for BDS ICD to be decided in RAN2.
3) Introduce the Orbit Model for BDS in TS25.331 as below:

	Information Element/Group name
	Need
	Multi
	Type and Reference
	Semantics description

	BDS Keplerian Parameters
(“Model 6”)
	OP
	
	
	NOTE

	>URA Index
	MP
	
	Bit String(4)
	SV accuracy

(dimensionless) [XX]

	>toe
	MP
	
	BIT STRING (17)
	Ephemeris reference time
(seconds) [XX]

	>A1/2
	MP
	
	BIT STRING (32)
	Square root of semi-major axis 
(meters1/2) [XX]

	>e
	MP
	
	BIT STRING (32)
	Eccentricity
(dimensionless) [XX]

	>(
	MP
	
	BIT STRING (32)
	Argument of perigee
(semi-circles) [XX]

	>n
	MP
	
	BIT STRING (16)
	Mean motion difference from computed value
(semi-circles/sec) [XX]

	>M0
	MP
	
	BIT STRING (32)
	Mean anomaly at reference time
(semi-circles) [XX]

	>0
	MP
	
	BIT STRING (32)
	Longitude of ascending node of orbital of plane computed according to reference time 
(semi-circles) [XX]

	>_dot
	MP
	
	BIT STRING (24)
	Rate of right ascension
(semi-circles/sec) [XX]

	>i0
	MP
	
	BIT STRING (32)
	Inclination angle at reference time
(semi-circles) [XX]

	>Idot
	MP
	
	BIT STRING (14)
	Rate of inclination angle
(semi-circles/sec) [XX]

	>Cuc
	MP
	
	BIT STRING (18)
	Amplitude of cosine harmonic correction term to the argument of latitude
(radians) [XX]

	>Cus
	MP
	
	BIT STRING (18)
	Amplitude of sine harmonic correction term to the argument of latitude
(radians) [XX]

	>Crc
	MP
	
	BIT STRING (18)
	Amplitude of cosine harmonic correction term to the orbit radius 
(meters) [XX]

	>Crs
	MP
	
	BIT STRING (18)
	Amplitude of sine harmonic correction term to the orbit radius
(meters) [XX]

	>Cic
	MP
	
	BIT STRING (18)
	Amplitude of cosine harmonic correction term to the angle of inclination
(radians) [XX]

	>Cis
	MP
	
	BIT STRING (18)
	Amplitude of sine harmonic correction term to the angle of inclination
(radians) [XX]


4) Introduce the Clock Model for BDS in TS25.331 as below:
	Information Element/Group name
	Need
	Multi
	Type and Reference
	Semantics description

	BDS Satellite Clock Model
(“Model 6”)
	OP
	
	
	Model-6

	>toc
	MP
	
	BIT STRING (17)
	Time of clock 

(seconds) [XX]

	>a0
	MP
	
	BIT STRING (24)
	Clock correction polynomial coefficient

(seconds) [XX]

	>a1
	MP
	
	BIT STRING (22)
	Clock correction polynomial coefficient

(sec/sec) [XX]

	>a2
	MP
	
	BIT STRING (11)
	Clock correction polynomial coefficient

(sec/sec2) [XX]

	>TGD1
	MP
	
	BIT STRING (10)
	Equipment Group Delay Differential
(seconds) [XX]


5) Introduce the UTC Model for BDS as model 4:
	Information Element/Group name
	Need
	Multi
	Type and Reference
	Semantics description

	Model-4
	OP
	
	
	NOTE

	>A0UTC
	MP
	
	Bit String (32)
	Seconds [XX]

	>A1UTC
	MP
	
	Bit String (24)
	sec/sec [XX]

	>(tLS
	MP
	
	Bit String (8)
	Seconds [XX]

	>WNLSF
	MP
	
	Bit String (8)
	Weeks [XX]

	>DN
	MP
	
	Bit String (8)
	Days [XX]

	>(tLSF
	MP
	
	Bit String (8)
	Seconds [XX]


6) BDS uses two ionospheric models: Klobuchar model and Grid model. Klobuchar model has been defined in current specification, and it is agreed to introduce Grid model in TS25.331 as below:

	Information Element/Group name
	Need
	Multi
	Type and Reference
	Semantics description

	BDS Reference TIme
	MP
	
	Integer(0..3570 by step of 30)
	Seconds.

Time in BDS system time (modulo 3600 s) when the Ionospheric information was received. 

	BDS Ionospheric Grid Information
	MP
	1 to <maxIGPInfo>
	
	

	>IGP number
	MP
	
	INTEGER (1..320)
	Ionospheric grid point number

(dimensionless) [XX].

	>Vertical Delay
	MP
	
	BIT STRING (9)
	Vertical Delay at Ionospheric Grid Points ,(meters) [XX]

	>GIVEI
	MP
	
	BIT STRING (4)
	Grid Ionospheric Vertical Error Index
(dimensionless) [XX].


NOTE: The value maxIGPInfo is to be defined.
7)  Introduce the Differential corrections for BDS in TS25.331 as a new IE as below:
	Information Element/Group name
	Need
	Multi
	Type and Reference
	Semantics description

	BDS Reference TIme
	MP
	
	Integer(0..3570 by step of 30)
	Seconds.

Time in GNSS system time (modulo 3600 s) when the BDS DGANSS corrections were received. 

	DBDS information
	MP
	1 to <maxSgnType>
	
	

	>DBDS Signal ID
	OP
	
	GANSS Signal Id 10.3.3.45a
	Absence of this field means the B1I

	>DBDS signal information
	
	1 to <maxGANSSSat>
	
	

	>>SatID
	MP
	
	Integer (0…63)
	Identifies the satellite and is as defined in Note 2 of 10.3.7.88b.

	>>UDREI
	MP
	
	Integer (0…15)
	User Differential Range Error Index  (dimensionless) [XX].

	>>RURAI


	MP
	
	Integer (0…15)
	BDS Regional User Range Accuracy Index, (dimensionless) [XX].

	>>Δt 


	MP
	
	BIT STRING (13)
	Equivalent Clock Correction, [XX]

(meters) [XX]


8) RAN2 discussed whether a specific “Data ID” in “UE positioning GANSS additional ionospheric model” shall be used to indicate BDS. It’s decided a new value of “Data ID” (i.e. value ‘01’) within IE “UE positioning GANSS additional assistance data request” and IE “UE positioning GANSS additional ionospheric model” shall be used to indicate BDS
9) RAN2 discussed how to introduce the BDS integrity and differential correction information, it’s decided to introduce this information as a new IE according to the definition in BDS ICD.

Besides the agreements above, the following open issues were identified in RAN2:

a) OPEN ISSUE 1:
How to define code Phase in IE “UE positioning GANSS reference measurement information” to support BDS.

b) OPEN ISSUE 2:
How many IGPs are allowed to be sent to UE?

Open issues are still under RAN2 email discussions ([83#11][Joint/BDS]) so far. The answer to issue 1 is quite converged, all of the participated companies expressed that it is unnecessary to redefine the code phase, which can be kept as it is. For issue 2, the max number of IGPs sent to UE may be defined as not more than 16 as companies suggested, as formal conclusion is supposed to be made in RAN2#83bis, we can leave the max number as TBD. 
Proposal 1: GANSS architecture and procedure are reused for BDS. RAN2 conclusions and agreements can also be applied to RAN3 specifications.
2.2. Impact analysis of RAN3 specifications
To introduce BDS in UMTS system, RAN3 specifications TS25.413, TS25.423, TS25.433 and TS25.453 would be impacted.  

Similar to the changes to TS 25.331, the following information for BDS should be defined in each specification:
·      Keplerian BDS Almanac (Model 7) shall be introduced in GANSS almanac related IE which contains BDS almanac parameters according to BDS ICD [3].
·      BDS Satellite Clock Model (Model 6) shall be introduced in GANSS clock model related IE which contains BDS satellite clock model parameters according to BDS ICD [3].
·      BDS Keplerian Parameters (Model 5) shall be introduced in GANSS orbit model related IE which contains BDS orbit model parameters according to BDS ICD [3]
·      Model Set 4 shall be introduced in GANSS UTC model related IE which contains a set of parameters needed to relate BDS system time to UTC (NTSC).
Proposal 2: The models listed above shall be introduced in RAN3 specifications.
Besides the models, BDS differential corrections and BDS ionospheric grid model should also be introduced. RAN2 has agreed that BDS differential corrections can be defined separately as there are many different parameters used in BDS from other GNSS. Ionospheric Grid model is only used by BDS which has not been defined before. It is proposed that
Proposal 3: Two new types, i.e. DBDS corrections and BDS Ionospheric Grid Model, should be defined in GANSS Generic Data.
Some other changes should also be made to complete the specification work, such as:

· Add BDS ICD [3] in reference section;
· Clarify the BDS and DBDS abbreviations;

· Add BDS related description in text procedure part, mainly related to DBDS corrections and BDS Ionospheric Grid Model etc.

· Define a GANSS ID for BDS, also some other places where each GNSS is listed explicitly;

· Add BDS ICD reference in places where corresponding definition or parameters are referred to.
Proposal 4: The various changes to complete the specification work should be made.
3. Conclusion
In this contribution, progress of RAN2 is summarized, and impact to RAN3 specifications is analyzed with following proposals:
Proposal 1: GANSS architecture and procedure are reused for BDS. RAN2 conclusions and agreements can also be applied to RAN3 specifications.
Proposal 2: The models listed above shall be introduced in RAN3 specifications.
Proposal 3: Two new types, i.e. DBDS corrections and BDS Ionospheric Grid Model, should be defined in GANSS Generic Data.

Proposal 4: The various changes to complete the specification work should be made.

Actual CRs to TS25.413, TS25.423, TS25.433, TS25.453 to reflect the above changes will be submitted to next RAN3 meeting.
4. References

[1] RP-130215 Support for BeiDou Navigation Satellite System (BDS) for UTRA and LTE
[2] R2-132366
Introduction of BDS in UTRAN
ZTE, CATR, CATT, Huawei
[3] BDS-SIS-ICD-B1I-1.0: "BeiDou Navigation Satellite System Signal In Space Interface Control Document Open Service Signal B1I (Version 1.0)", December 2012.






PAGE  
1

