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1 Introduction

During RAN2#82 meeting, general impact analysis on the introduction of BDS and the work plan were discussed. The issue of Impact of BeiDou on Stage-3 specs for LTE was discussed in this email discussion: 
[82#20][LTE/BeiDou] Impact of BeiDou on Stage-3 for LTE (CATR) 
- Start stage-3 discussions and try to come up with draft stage-3 CR (36.355) 
=> Intended outcome: Email discussion report and 36.355 CR
After the email discussion, four open issues still exist:

OPEN ISSUE 1:
How to define codePhase in GNSS-AcquisitionAssistElement IE to support BDS.
OPEN ISSUE 2:
Whether a specific “Data ID” in “KlobucharModelParameter” shall be used to indicate BDS?

OPEN ISSUE 3:
How many IGPs are allowed to be sent to UE?
OPEN ISSUE 4:
How to introduce the BDS Integrity and differential correction information?
The intention of this contribution is to discuss these open issues raised in the email discussion.
2 Discussion on the OPEN ISSUEs
2.1 How to define codePhase in GNSS-AcquisitionAssistElement IE to support BDS.
The IE “AcquisitionAssistElement” is used to provide reference code and Doppler measurement information of visible satellites of a GNSS constellation and enables fast acquisition of the GNSS signals in UE-assisted GNSS positioning. In the current LPP specs, the range of IE “code phase” is 0 to 1 millisecond and scaled by the nominal chipping rate of the GNSS signal, which is 2-10. But according to the section 4.3 of BDS ICD [2], the chipping rate of BDS is 2.046 Mcps, which is different from the chipping rate used for IE “code phase”. In order to have a native support of BDS, we give our proposal as follow:
Proposal 1: A BDS specific “code phase” (Integer (0...2047) with scale factor 2-11 ms) shall be introduced in IE “AcquisitionAssistElement”.
2.2 Whether a specific “Data ID” in IE “KlobucharModelParameter” shall be used to indicate BDS?
The Ionospheric Delay Model Parameters used for BDS is based on Klobuchar model and definition can be found in 5.2.4.7 in BDS ICD [2]. In the current LPP spec, IE “KlobucharModelParameter” is based on Klobuchar model as well. The definition can be found as follow:
------------------------------------------------------- from 36.355 START---------------------------------------------------------

–
KlobucharModelParameter
-- ASN1START

KlobucharModelParameter ::= SEQUENCE {


dataID


BIT STRING (SIZE (2)),


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

	KlobucharModelParamater field descriptions

	dataID

When dataID has the value ‘11’ it indicates that the parameters have been generated by QZSS, and the parameters have been specialized and are applicable within the area defined in [7]. When dataID has the value ‘00’ it indicates the parameters are applicable worldwide [4,7]. All other values for dataID are reserved.

	alpha0

This field specifies the 0 parameter of the Klobuchar model, as specified in [4].

Scale factor 2-30 seconds.

	alpha1

This field specifies the 1 parameter of the Klobuchar model, as specified in [4].

Scale factor 2-27 seconds/semi-circle.

	alpha2

This field specifies the 2 parameter of the Klobuchar model, as specified in [4].

Scale factor 2-24 seconds/semi-circle2.

	alpha3

This field specifies the 3 parameter of the Klobuchar model, as specified in [4].

Scale factor 2-24 seconds/semi-circle3.

	beta0

This field specifies the 0 parameter of the Klobuchar model, as specified in [4].

Scale factor 211 seconds.

	beta1

This field specifies the 1 parameter of the Klobuchar model, as specified in [4].

Scale factor 214 seconds/semi-circle.

	beta2

This field specifies the 2 parameter of the Klobuchar model, as specified in [4].

Scale factor 216 seconds/semi-circle2.

	beta3

This field specifies the 3 parameter of the Klobuchar model, as specified in [4].

Scale factor 216 seconds/semi-circle3.


----------------------------------------------------------- from 36.355 END---------------------------------------------------------

Considering the parameters generated by QZSS are specialized and only applicable within the area defined in [3], IE “Data ID” is used to indicate whether the parameters are generated by QZSS. According to the BDS ICD [2], it can be found that the Ionospheric Delay Model Parameters generated by BDS are specialized for north hemisphere (i.e. if these parameters are used in the south hemisphere, the correction accuracy will be slightly lower than that in the north). Furthermore, if we look into the algorithm given in 5.2.4.7 in BDS ICD [2], we can found the algorithm given in BDS ICD [2] is slight different from the algorithm given in GPS ICD [4]. In order to distinguish the parameters generated by BDS from the parameters generated by other GNSS, we give proposal as:

Proposal 2: A new value of “Data ID” (i.e. value ‘01’) within IE “KlobucharModelParameter” and IE “klobucharModelReq” shall be used to indicate BDS.
2.3 How many IGPs are allowed to be sent to UE?

The Ionospheric Grid Information is a new ionospheric correction solution which has not been captured in the current RRC spec. The Ionospheric Grid Information defined in 5.3.3.8 in [2] consists of correction parameters for 320 ionospheric grid points covering 70 to 145 degrees east longitude and 7.5 to 55 degrees north latitude. 
The area from 70 to 145 degrees east longitude and 10 to 55 degrees north latitude is divided into 160 grids of 5×5 degrees as follow:
	E-Log.
N-Lat.

N-Lat.
N-Lat.
	70
	75
	80
	85
	90
	95
	100
	105
	110
	115
	120
	125
	130
	135
	140
	145

	55
	10
	20
	30
	40
	50
	60
	70
	80
	90
	100
	110
	120
	130
	140
	150
	160

	50
	9
	19
	29
	39
	49
	59
	69
	79
	89
	99
	109
	119
	129
	139
	149
	159

	45
	8
	18
	28
	38
	48
	58
	68
	78
	88
	98
	108
	118
	128
	138
	148
	158

	40
	7
	17
	27
	37
	47
	57
	67
	77
	87
	97
	107
	117
	127
	137
	147
	157

	35
	6
	16
	26
	36
	46
	56
	66
	76
	86
	96
	106
	116
	126
	136
	146
	156

	30
	5
	15
	25
	35
	45
	55
	65
	75
	85
	95
	105
	115
	125
	135
	145
	155

	25
	4
	14
	24
	34
	44
	54
	64
	74
	84
	94
	104
	114
	124
	134
	144
	154

	20
	3
	13
	23
	33
	43
	53
	63
	73
	83
	93
	103
	113
	123
	133
	143
	153

	15
	2
	12
	22
	32
	42
	52
	62
	72
	82
	92
	102
	112
	122
	132
	142
	152

	10
	1
	11
	21
	31
	41
	51
	61
	71
	81
	91
	101
	111
	121
	131
	141
	151


The area from 70 to 145 degrees east longitude and 7.5 to 52.5 degrees north latitude is divided into 160 grids of 5×5 degrees.
	E-Log.
N-Lat.

N-Lat.
	70
	75
	80
	85
	90
	95
	100
	105
	110
	115
	120
	125
	130
	135
	140
	145

	52.5
	170
	180
	190
	200
	210
	220
	230
	240
	250
	260
	270
	280
	290
	300
	310
	320

	47.5
	169
	179
	189
	199
	209
	219
	229
	239
	249
	259
	269
	279
	289
	299
	309
	319

	42.5
	168
	178
	188
	198
	208
	218
	228
	238
	248
	258
	268
	278
	288
	298
	308
	318

	37.5
	167
	177
	187
	197
	207
	217
	227
	237
	247
	257
	267
	277
	287
	297
	307
	317

	32.5
	166
	176
	186
	196
	206
	216
	226
	236
	246
	256
	266
	276
	286
	296
	306
	316

	27.5
	165
	175
	185
	195
	205
	215
	225
	235
	245
	255
	265
	275
	285
	295
	305
	315

	22.5
	164
	174
	184
	194
	204
	214
	224
	234
	244
	254
	264
	274
	284
	294
	304
	314

	17.5
	163
	173
	183
	193
	203
	213
	223
	233
	243
	253
	263
	273
	283
	293
	303
	313

	12.5
	162
	172
	182
	192
	202
	212
	222
	232
	242
	252
	262
	272
	282
	292
	302
	312

	7.5
	161
	171
	181
	191
	201
	211
	221
	231
	241
	251
	261
	271
	281
	291
	301
	311


For each ionospheric grid point (IGP), the following two parameters are given: 
· Vertical Delay at Ionospheric Grid Points (9bit) 
· Grid Ionospheric Vertical Error Index (4bit).

The UE can select effective data of the grid points adjacent or nearby the observed intersection point (as shown in figure 2.3.1) to compute the delay correction for Ionospheric pierce point (IPP) according to the User Grid Ionospheric correction algorithm given in 5.3.3.8.3 in [2]. 
[image: image1.png]IPP





Figure 2.3.1 User IPP and Grid Points
In the email discussion, companies agree to introduce the Ionospheric Grid Information for BDS, but how many IGPs are allowed to be sent to UE is still FFS. For this open issue, two alternatives exist:
Alternative 1: Up to 16 IGPs can be sent to UE. 
In alternative 1, NW can always send 16 IGPs to UE. Considering the minimum distance between 2 IGP is more than 250km (2.5 degrees in latitude) and 16 IGPs can cover an area more than 800km × 1000km, we think alternative 1 may be sufficient in most cases, and give our proposal 2 as follow:
Proposal 3: The maximum number of IGPs, which can be sent to UE, shall be set to 16.
Alternative 2: Up to 320 IGPs can be sent to UE.

In alternative 2, NW should decide how many IGPs will be sent to UE. But it is not clear how can NW make the decision since the requirement on the UE side is unknown by the NW. Considering transmitting 320 IGPs, will cause 4160 bits (If IGP number is considered, which will cause 9 bit to indicate 0 to 320, the bit number should be 7040 bits) and will not be necessary in most cases, we think, if the alternative 2 is adopted, an indication shall be introduced in the “GNSS-IonosphericModelReq” to indicate how many IGPs are required by the UE, then NW can send IGPs according to UE’s requirement. According to the considering above, we give our proposal as follow:
Proposal 4: If requirement on transmitting 320 IGPs is confirmed, the maximum number of IGPs, which can be sent to UE, shall be set to 320 and an indication shall be introduced in the “GNSS-IonosphericModelReq” to indicate how many IGPs are required by the UE.
2.4 How to introduce the BDS Integrity and differential correction information
According to the BDS ICD [2], BDS Integrity and differential correction information are native supported by BDS and will be broadcast in the NAV message. BDS Integrity consists of BDS Regional User Range Accuracy Index (RURAI); BDS Differential Correction information consists of Equivalent Clock Correction (Δt) and User Differential Range Error Index (UDREI), the definition can be found as follow:
--------------------------------------- from BDS ICD [2] -START--------------------------------------------
BDS Regional User Range Accuracy Index (RURAI) 
Regional User Range Accuracy (RURA), the BDS satellite signal integrity information, is used to describe the satellite signal pseudo-range error in meters. The satellite signal integrity information is indicated with the Regional User Range Accuracy Index (RURAI). It occupies 4 bits for each satellite so the effective range of RURAI is 0 to 15. The update rate is 18 seconds.
Equivalent Clock Correction (Δt) 
The BDS differential correction information is expressed in equivalent clock correction (Δt). It occupies 13 bits for each satellite with the unit and scale factor of meter and 0.1 respectively and is expressed with two’s complement. The MSB is for the sign bit (+ or –). The update rate of Δt is every 18 seconds.
User Differential Range Error Index (UDREI) 

User differential range error (UDRE), the BDS differential correction integrity, is used to describe the error of equivalent clock correction in meters. It is indicated by user differential range error index (UDREI). It occupies 4 bits for each satellite within the range of 1~15 and the update rate is 3 seconds. The corresponding relationship between UDRE and UDREI is shown in Table 5-22. The user shall lookup UDRE in the table to determine the accuracy of the differential correction for the satellite. 
-----------------------------------------from BDS ICD [2] -END --------------------------------------------
In the current LPP spec, IE “DGNSS-CorrectionsElement” is used to carry the differential correction information. Compare the IE “DGNSS-CorrectionsElement” with the BDS Differential Correction information defined in 5.3.3.7 in BDS ICD [2], it can be found both the equivalent clock correction and UDRE have a higher accuracy than the PRC and UDRE defined in the current spec accordingly. Also considering the real time regional user range accuracy (RURAI) is not supported by the current specs, and in order to introduce a native support for BDS, we give our proposal as follow:
Proposal 5: Introduce the BDS Integrity and differential correction information as a new IE according to the definition given in [2].
3 Conclusion

RAN2 are encouraged to discuss the open issues for BDS listed in this contribution, and adopt the following proposals:
For the OPEN ISSUE 1:
How to define codePhase in GNSS-AcquisitionAssistElement IE to support BDS.
Proposal 1: A BDS specific “code phase” (Integer (0...2047) with scale factor 2-11 ms) shall be introduced in IE “AcquisitionAssistElement”.
For the OPEN ISSUE 2:
Whether a specific “Data ID” in KlobucharModelParameter” shall be used to indicate BDS?

Proposal 2: A new value of “Data ID” (i.e. value ‘01’) within IE “KlobucharModelParameter” and IE “klobucharModelReq” shall be used to indicate BDS.
For the OPEN ISSUE 3:
How many IGPs are allowed to be sent to UE?
Proposal 3: The maximum number of IGPs, which can be sent to UE, shall be set to 16..
OR
Proposal 4: If requirement on transmitting 320 IGPs is confirmed, the maximum number of IGPs, which can be sent to UE, shall be set to 320 and an indication shall be introduced in the “GNSS-IonosphericModelReq” to indicate how many IGPs are required by the UE.
For the OPEN ISSUE 4: How to introduce the BDS Integrity and differential correction information
Proposal 5: Introduce the BDS Integrity and differential correction information as a new IE according to the definition given in [2].
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