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Introduction
[bookmark: _Hlk506299356]At the RAN2#99bis meeting, the work on introducing the agreements concerning GNSS RTK into the running LPP CR was decided to be handled via an email discussion:

[LTE/Positioning][99b#56] Running LPP CR for positioning accuracy enhancements (Qualcomm)
To update the running CR with outcomes of this meeting and the related offline discussions.
	Deadline: for February meeting

The updates provide support for GNSS RTK assistance data to implement physical and non-physical reference stations, FKP and MAC. However, the current running CR only enables the configuration of one physical or non-physical reference stations and associated observations. There are requests for the support of multiple streams with several reference stations, as well as the possibility to provide both physical and non-physical reference station observations [1]. This discussion applies to the design of the information in LPP, upon which both the unicast via LPP and the broadcast via RRC/SIB relies. In this contribution, we discuss this further are provides some test proposals to correct this.
[bookmark: _Ref178064866]Discussion
The GNSS reference station information can include details about its position, its antenna configuration, whether it is a physical or non-physical station, and some information about how signals are processed at the reference station. 
The GNSS observations can be provided for different GNSS, different satellites of a specific GNSS, for different signals of the satellites, and for different measurement types associated to these signals. All of these are represented in the latest draft of the running LPP CR [2]. 
However, the current text only allows one single reference station to be configured, and the observations can only be associated from that specific reference station.
Observation 1	Only one reference station can be represented in the current draft of the running CR.
We believe that this is too limiting, and this can be easily extended to N number of reference stations that can be configured in the GNSS-RTK-ReferenceStationInfo-r15 and GNSS-RTK-CommonObservationInfo IEs of the GNSS-CommonAssistData respectively. 
Proposal 1	Extend GNSS-RTK-ReferenceStationInfo and GNSS-RTK-CommonObservationInfo IEs to include up to N number of reference stations
The value of the parameter N also needs to be agreed upon. We consider N=32 to be a reasonable number.
Proposal 2	RAN2 to agree to use N=32.  

The needed changes to the running CR are minor, and are captured by the text proposal in Appendix A1.
Proposal 3	Introduce the text proposal in Appendix A1 into the running LPP CR  
Furthermore, the specification should also allow provisioning of observations associated to more than one reference station. Again, this can be extended so that M reference stations can be configured in GNSS-RTK-Observations-r15  and/or GLO-RTK-BiasInformation-r15 of the GNSS-GenericAssistDataElement-r15 and/or in the GNSS-RTK-PeriodicObservations-r15 and/or GLO-RTK-PeriodicBiasInformation-r15 of the GNSS-PeriodicAssistData-r15.
Proposal 4	Extend GNSS-RTK-Observations, GLO-RTK-BiasInformation, GNSS-RTK-PeriodicObservations and GLO-RTK-PeriodicBiasInformation IEs to include up to M number of reference stations
The value of the parameter M also needs to be agreed upon. It is not obvious that N and M will be the same – there can be situations where multiple reference stations are configured quite infrequently, while the observations only are provided for a subset of the reference stations (physical and/or non-physical). We consider M=32 to be a reasonable number.
Proposal 5	RAN2 to agree to use M=32.  
The needed changes to the running CR are minor, and are captured by the text proposal in Appendix A2.
Proposal 6	Introduce the text proposal in Appendix A2 into the running LPP CR  
These changes are essential for the GNSS RTK support based on physical and non-physical reference stations with an observation space representation. 
Multiple Reference Station Observations to Mobile UEs
For mobile UEs, served with RTK corrections via LPP, it is attractive to adapt the scope of the observations based on the crude UE position, for example to only provide observations from the most relevant physical or non-physical reference station. However, at some point, a different reference station from the current becomes most relevant. With an ambition to minimize the information to the UE, the location server could simply swap the reference station from one to another. The would probably mean that the UE needs to restart the integer ambiguity resolution, resulting in a fall back to GNSS positioning based on code phase measurements in the meantime with much worse positioning accuracy.
An alternative would be to send observations from several physical or non-physical reference stations in parallel to the UE, and the UE could thereby initiate the integer ambiguity resolution in advance for alternative reference stations. This would require additional processing in the device, and also a multiplication of the needed bandwidth to provide the GNSS RTK observations via LPP.
Observation 2	Mobile UEs can be supported by providing GNSS RTK observations from multiple reference stations at the expense of additional processing in the device and a multiplication of the needed LPP signalling costs.
An alternative is to provide some additional information to UE at the instants when the location server swaps the reference station, which the observation stems from. As it turns out, the needed information can be provided by utilizing the existing signalling for MAC in combination with the observations from physical or non-physical reference stations.
From Navpedia [3] we have the following generic description of the phase measurement, the interger ambiguity N and the error contibutions:
[image: http://www.navipedia.net/images/math/3/f/2/3f2b814de6ab2763bd683931cfa56079.png]
Where:
[image: http://www.navipedia.net/images/math/d/d/7/dd7536794b63bf90eccfd37f9b147d7f.png] is the signal path delay due to the ionosphere;
[image: http://www.navipedia.net/images/math/9/4/0/94059bb88074d280b6902283edb526c7.png] is the signal path delay due to the troposphere;
[image: http://www.navipedia.net/images/math/9/a/1/9a1c58d7637ab0c031d9954e7a5388dc.png] is the receiver clock offset from the reference (GPS) time;
[image: http://www.navipedia.net/images/math/c/e/0/ce051580a31299d13b1627af4e216b4d.png] is the satellite clock offset from the reference (GPS) time;
[image: http://www.navipedia.net/images/math/4/a/8/4a8a08f09d37b73795649038408b5f33.png] is the vacuum speed of light;
[image: http://www.navipedia.net/images/math/e/0/5/e05a30d96800384dd38b22851322a6b5.png] is the carrier nominal wavelength;
[image: http://www.navipedia.net/images/math/8/d/9/8d9c307cb7f3c4a32822a51922d1ceaa.png] is the ambiguity of the carrier-phase (integer number);
[image: http://www.navipedia.net/images/math/4/2/d/42d680c218d132a49ff2068ba35d6ce9.png] are the measurement noise components, including multipath and other effects;
[image: http://www.navipedia.net/images/math/f/7/f/f7f177957cf064a93e9811df8fe65ed1.png] is the geometrical range between the satellite and the receiver, computed as a function of the satellite [image: http://www.navipedia.net/images/math/d/d/e/dde36d6dd518675b0fed83b242a46896.png] and receiver [image: http://www.navipedia.net/images/math/9/9/a/99a0fd0280e1f6bd6e04cd55bb0211b2.png] coordinates as:
[image: http://www.navipedia.net/images/math/f/7/c/f7cc62e7f4317a2a613435db64b94f06.png].
Receivers then form the double difference equation
For two receivers a and b making simultaneous measurements at the same nominal time to satellites 1 and 2, the double difference observable is:

[image: http://www.navipedia.net/images/math/9/9/d/99d288d583f566a4159f61124ba89170.png]
Where
 	(4)
The integer ambiguity solution solved for  etc, where	(5)
For a UE denoted r (rover), and a current reference station c, the UE maintains the integer solutions  for the two satellites i and j. Eventually, when the UE has transferred to a new reference station n, the UE needs to solve for  instead. This will require some initialization time etc.
Fortunately, given (5), there is a relation between  and  that can be exploited:
	(6)

The information the UE needs to translate from   to  is readily available as the GNSS RTK observations at from the current and the new reference station, for pairs of satellites, or essentially all satellites but one in relation to one reference satellite.
Proposal 7	Define signalling to enable the UE to translate its integer ambiguity solution associated to a current reference station to an integer solution associated to a new reference station 
The double difference can be formed by the difference of data (integer-ms + rough-range + fine-PhaseRange, where each term is added with the correct scale factor) for a satellite j and a reference satellite i, for on the one hand the current reference station, and one the other hand the new reference station, and then the difference between these two differences. The integer part of the result is the . In a well maintained reference network, this integer is within +/- 5, but it can be good to have some margin for less maintained networks.
A draft text proposal with a suggested representation of the needed information can be found in Appendix A3.
Proposal 8	Introduce the text proposal in Appendix A3 into the running LPP CR  
  Periodic Assistance Data
The GNSS-PeriodicAssistData IE has been introduced in the running CR with a copy-paste from the IE GNSS-PeriodicAssistDataReq. A correction is provided in Appendix A4.
Proposal 9	Introduce the text proposal in Appendix A4 into the running LPP CR  

Conclusion
Based on the discussion in section 2 we propose the following:
Proposal 1	Extend GNSS-RTK-ReferenceStationInfo and GNSS-RTK-CommonObservationInfo IEs to include up to N number of reference stations
Proposal 2	RAN2 to agree to use N=32.  

Proposal 3	Introduce the text proposal in Appendix A1 into the running LPP CR  
Proposal 4	Extend GNSS-RTK-Observations, GLO-RTK-BiasInformation, GNSS-RTK-PeriodicObservations and GLO-RTK-PeriodicBiasInformation IEs to include up to M number of reference stations
Proposal 2	RAN2 to agree to use M=32.  
Proposal 6	Introduce the text proposal in Appendix A2 into the running LPP CR  
Proposal 7	Define signalling to enable the UE to translate its integer ambiguity solution associated to a current reference station to an integer solution associated to a new reference station 
Proposal 8	Introduce the text proposal in Appendix A3 into the running LPP CR  
Proposal 9	Introduce the text proposal in Appendix A4 into the running LPP CR  
[bookmark: _In-sequence_SDU_delivery]References
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Appendix A1, Text Proposal to TS 36.355
[bookmark: _Toc494150486]6.5.2.2	GNSS Assistance Data Elements
[…]
· [bookmark: _Toc494150484]GNSS-CommonAssistData
The IE GNSS-CommonAssistData is used by the location server to provide assistance data which can be used for any GNSS (e.g., GPS, Galileo, GLONASS, BDS, etc.). 
-- ASN1START

GNSS-CommonAssistData ::= SEQUENCE {
	gnss-ReferenceTime		 		GNSS-ReferenceTime		 			OPTIONAL,	-- Need ON
	gnss-ReferenceLocation			GNSS-ReferenceLocation		 		OPTIONAL,	-- Need ON
	gnss-IonosphericModel			GNSS-IonosphericModel	 			OPTIONAL,	-- Need ON
	gnss-EarthOrientationParameters	GNSS-EarthOrientationParameters		OPTIONAL,	-- Need ON
	...,
	[[
		gnss-ReferenceTimeRS-r15	SEQUENCE (SIZE (1..32)) OF GNSS-ReferenceTime		 					OPTIONAL,	-- Cond RTK2
		gnss-RTK-ReferenceStationInfo-r15
									GNSS-RTK-ReferenceStationInfo-r15	OPTIONAL,	-- Need ON
		gnss-RTK-CommonObservationInfo-r15	
									GNSS-RTK-CommonObservationInfo-r15	OPTIONAL,	-- Cond RTK
		gnss-RTK-AuxiliaryStationData-r15
									GNSS-RTK-AuxiliaryStationData-r15	OPTIONAL	-- Need ON
	]]
}

-- ASN1STOP

	Conditional presence
	Explanation

	RTK
	The field is mandatory present if the IE GNSS-RTK-Observations is included in IE GNSS‑GenericAssistData; otherwise it is not present.

	RTK2
	The field is mandatory present if more than one reference stations is configured in gnss-RTK-ReferenceStationInfo and the reference stations are subject to different GNSS-ReferenceTime. Otherwise, it is not present



[…]
· GNSS-RTK-ReferenceStationInfo
[bookmark: _Hlk499115237]The IE GNSS-RTK-ReferenceStationInfo is used by the location server to provide the Earth-centered, Earth-fixed (ECEF) coordinates of the antenna reference point (ARP) of the stationary physical and/or non-physical reference stations for which the GNSS‑RTK‑Observations assistance data are provided together with reference station antenna and receiver description. 
The parameters provided in IE GNSS-RTK-ReferenceStationInfo are used as specified for message type 1006 and 1033 in [30].
-- ASN1START

GNSS-RTK-ReferenceStationInfo-r15 ::= 
	SEQUENCE (SIZE (1..32)) OF GNSS-RTK-ReferenceStationInfoElement-r15

GNSS-RTK-ReferenceStationInfoElement-r15 ::= SEQUENCE {
	referenceStationID-r15					GNSS-ReferenceStationID-r15,
	referenceStationIndicator-r15			ENUMERATED {physical, non-physical},
	antenna-reference-point-ECEF-X-r15		INTEGER (-137438953472..137438953471),
	antenna-reference-point-ECEF-Y-r15		INTEGER (-137438953472..137438953471),
	antenna-reference-point-ECEF-Z-r15		INTEGER (-137438953472..137438953471),
[bookmark: _Hlk499115228]	antennaDescription-r15					ReceiverAndAntennaDescription-r15	OPTIONAL, -- Need ON
	...
}

[bookmark: _Hlk499118114]ReceiverAndAntennaDescription-r15 ::= SEQUENCE {
	antennaDescriptor-r15		VisibleString (SIZE (1..256)),
	antennaSetUpID-r15			INTEGER (0..255),
	antennaSerialNumber-r15		VisibleString (SIZE (1..256)),
	receiverTypeDescriptor-r15	VisibleString (SIZE (1..256)),
	receiverFirmwareVersion-r15	VisibleString (SIZE (1..256)),
	receiverSerialNumber-r15	VisibleString (SIZE (1..256)),
	...
}

-- ASN1STOP

	GNSS-RTK-ReferenceStationInfo field descriptions

	referenceStationID
The Reference Station ID is determined by the RTK service provider.

	referenceStationIndicator
This fields specifies type of reference station. Enumerated value physical indicates a real, physical reference station; value non-physical indicates a non-physical or computed reference station.

	antenna-reference-point-ECEF-X
This field specifies the antenna reference point X-coordinate in the World Geodetic System 1984 (WGS 84) datum. 
Scale factor 0.0001 m; range ±13,743,895.3471 m.

	antenna-reference-point-ECEF-Y
This field specifies the antenna reference point Y-coordinate in the World Geodetic System 1984 (WGS 84) datum. 
Scale factor 0.0001 m; range ±13,743,895.3471 m.

	antenna-reference-point-ECEF-Z
This field specifies the antenna reference point Z-coordinate in the World Geodetic System 1984 (WGS 84) datum. 
Scale factor 0.0001 m; range ±13,743,895.3471 m.

	antennaDescriptor
This field provides an ASCII descriptor of the reference station antenna. 

	antennaSetUpID
This field specifies the Antenna Setup ID for use by the service provider to indicate the particular reference station‑antenna combination. The interpretation of the value is as follows:
	0 		Use standard IGS Model
	1-255 	Specific Antenna Setup ID#

	antennaSerialNumber
This field specifies the antenna serial number as issued by the manufacturer of the antenna.

	receiverTypeDescriptor, receiverFirmwareVersion, receiverSerialNumber
These fields provide an ASCII descriptor of the reference station receiver.
[bookmark: _Hlk499118072]The serial number and firmware version strings are not standardized. They will correspond to the manufacturer’s naming convention.



–	GNSS-RTK-CommonObservationInfo
The IE GNSS-RTK-CommonObservationInfo is used by the location server to provide common information applicable to the IE GNSS-RTK-Observations. 
The parameters provided in IE GNSS-RTK-CommonObservationInfo are used as specified for message type 1071-1127 in [30].
-- ASN1START

GNSS-RTK-CommonObservationInfo -r15 ::= 
	SEQUENCE (SIZE (1..32)) OF GNSS-RTK-CommonObservationInfoElement-r15

GNSS-RTK-CommonObservationInfoElement-r15 ::= SEQUENCE {
	referenceStationID-r15				GNSS-ReferenceStationID-r15,
	clockSteeringIndicator-r15			INTEGER (0..3),
	externalClockIndicator-r15			INTEGER (0..3),
	smoothingIndicator-r15				BIT STRING (SIZE(1)),
	smoothingInterval-r15				BIT STRING (SIZE(3)),
	...
}

-- ASN1STOP

	GNSS-RTK-CommonObservationInfo field descriptions

	referenceStationID
This field specifies the Station ID for which the GNSS-RTK-Observations are provided.

	clockSteeringIndicator
This field provides the clock steering indicator. The interpretation of the value is as follows:
	0 	clock steering is not applied
		In this case receiver clock must be kept in the range of ±1 ms (approximately ±300 km)
	1 	clock steering has been applied 
		In this case receiver clock must be kept in the range of ±1 microsecond (approximately ±300 meters).
	2 	unknown clock steering status
	3 	reserved

	externalClockIndicator
This field provides the external clock indicator. The interpretation of the value is as follows:
	0 	internal clock is used
	1 	external clock is used, clock status is "locked"
	2 	external clock is used, clock status is "not locked", which may indicate external clock failure and that the 				transmitted data may not be reliable.
	3 	unknown clock is used

	smoothingIndicator
This field provides the GNSS Divergence-free Smoothing Indicator. The interpretation of the value is as follows:
	1	Divergence-free smoothing is used
	0 	Other type of smoothing is used

	smoothingInterval
The GNSS Smoothing Interval is the integration period over which the pseudorange code phase measurements are averaged using carrier phase information. Divergence-free smoothing may be continuous over the entire period for which the satellite is visible.  A value of zero indicates no smoothing is used.
See table "smoothingInterval value to interpretation of Smoothing Interval relation" below.



smoothingInterval value to interpretation of Smoothing Interval relation
	Indicator
	Smoothing Interval

	000 (0)
	No smoothing

	001 (1)
	< 30 s

	010 (2)
	30-60 s

	011 (3)
	1-2 min

	100 (4)
	2-4 min

	101 (5)
	4-8 min

	110 (6)
	>8 min

	111 (7)
	Unlimited smoothing interval



Appendix A2, Text Proposal to TS 36.355
6.5.2.2	GNSS Assistance Data Elements
[…]
· GNSS-RTK-Observations
[bookmark: _Hlk499264042]The IE GNSS-RTK-Observations is used by the location server to provide GNSS reference station observables (pseudorange, phaserange, phaserange-rate (Doppler), and carrier-to-noise ratio) of the GNSS signals. Essentially, these parameters describe the range and derivatives from respective satellites to the reference station location provided in IE GNSS-RTK-ReferenceStationInfo at the reference time GNSS-SystemTime provided in IE GNSS-ReferenceTime or the IE GNSS-ReferenceTimeRS. Whenever GNSS-RTK-Observations is provided by the location server, the IE GNSS-ReferenceTime or the IE GNSS-ReferenceTimeRS shall be provided as well. 
The parameters provided in IE GNSS-RTK-Observations are used as specified for message type 1071-1127 in [30].
-- ASN1START

GNSS-RTK-Observations-r15 ::= SEQUENCE (SIZE(1..32)) OF GNSS-RTK-ObservationsElement-r15

GNSS-RTK-ObservationsElement-r15 ::= SEQUENCE (SIZE(1..64)) OF GNSS-RTK-SatelliteDataElement-r15

GNSS-RTK-SatelliteDataElement-r15 ::= SEQUENCE{
	svID-r15								SV-ID,
	integer-ms-r15							INTEGER (0..254),
    rough-range-r15							INTEGER (0..1023),
	rough-phase-range-rate-r15				INTEGER (-8192..8191)					OPTIONAL,
	gnss-rtk-SatelliteSignalDataList-r15	GNSS-RTK-SatelliteSignalDataList-r15,
	...
}

GNSS-RTK-SatelliteSignalDataList-r15 ::= SEQUENCE (SIZE(1..24)) OF 
														GNSS-RTK-SatelliteSignalDataElement-r15


GNSS-RTK-SatelliteSignalDataElement-r15 ::= SEQUENCE {
	gnss-SignalID-r15					GNSS-SignalID,
	fine-PseudoRange-r15				INTEGER (-524288..524287),
	fine-PhaseRange-r15					INTEGER (-8388608..8388607),
	lockTimeIndicator-r15				INTEGER (0..1023),
	halfCycleAmbiguityIndicator-r15		BIT STRING (SIZE (1)),
	carrier-to-noise-ratio-r15			INTEGER (0..1023)						OPTIONAL,
	fine-PhaseRangeRate-r15				INTEGER (-16384..16383)					OPTIONAL,
	...
}

-- ASN1STOP

	GNSS-RTK-Observations field descriptions

	svID
This field specifies the GNSS SV‑ID of the satellite for which the GNSS Observations are provided.

	integer-ms
This field contains the integer number of milliseconds in the satellite rough range. Rough range can be used to restore complete observables for a given satellite.
Scale factor 1 milli-second in the range from 0 to 254 milli-seconds.

	rough-range
This field contains the sub-milliseconds in the satellite rough range (modulo 1 millisecond). 
Scale factor 2-10 milli-seconds in the range from 0 to (1-2-10) milli-seconds.

	rough-phase-range-rate
This field contains the GNSS satellite rough phaserange rate.
Scale factor 1 m/s. Range ±8191 m/s.

	gnss-SignalID
This field specifies the GNSS signal for which the GNSS observations are provided.

	fine-PseudoRange
This field contains the GNSS signal fine pseudorange.
Being added to fields integer-ms and rough-range allows getting the full pseudorange observable corresponding to given signal. NOTE 1.
Scale factor 2–29 milli-seconds. Range ±(2–10–2–29) milli-seconds.

	fine-PhaseRange
This field contains the GNSS signal fine phaserange.
Being added to fields integer-ms and rough-range allows getting the full phaserange observable corresponding to given signal. NOTE 2.
Scale factor 2–31 milli-seconds. Range ±(2–8–2–31) milli-seconds.

	lockTimeIndicator
This field provides a measure of the amount of time during which the receiver has maintained continuous lock on that satellite signal. If a cycle slip occurs during the previous measurement cycle, the lock time indicator shall be reset to zero.
Mapping according to the table lockTimeIndicator value to interpretation lock-time relation shown below.

	halfCycleAmbiguityIndicator
Value 0 indicates no half-cycle ambiguity. Value 1 indicates half-cycle ambiguity.
When providing phaserange with unresolved polarity encoding this bit shall be set to 1. A target device that is not capable of handling half-cycle ambiguities shall skip such phaserange observables. If polarity resolution forced phaserange to be corrected by half-a-cycle, then the lockTimeIndicator must be reset to zero, indicating that despite continuous tracking the final phaserange experienced non-continuity.

	carrier-to-noise-ratio
This field provides the GNSS signal carrier-to-noise-ratio in dB-Hz.
Scale factor 2–4 dB-Hz in the range from 0.0625 to 63.9375 dB-Hz.

	fine-PhaseRangeRate
This field contains the GNSS signal fine Phase Range Rate.
Full phaserange rate is the sum of this field and the rough-phase-range-rate field. NOTE 3.
Scale factor 0.0001 m/s. Range ±1.6383 m/s. 



NOTE 1:	Complete Pseudorange for each signal (i) of given satellite can be restored as follows: 
Pseudorange(i) = c/1000 × (integer-ms + rough_range/1024 + 2–29 × fine_Pseudorange(i)), meter.
NOTE 2: 	Complete Phaserange for each signal (i) of given satellite can be restored as follows:
Phaserange(i) = c/1000 × (integer-ms + rough_range/1024 + 2–31 × fine_Phaserange(i)), meter.
NOTE 3: 	Complete PhaseRangeRate for each signal (i) of given satellite can be restored as follows:
PhaseRangeRate(i) = rough-phase-range-rate + 0.0001*fine-PhaseRangeRate (i), meter/sec.
NOTE 4:	The speed of light c is 299,792,458 meters per second. 
lockTimeIndicator value to interpretation lock-time relation
	Indicator (i)
	Supplementary coefficient (k)
	Minimum Lock Time (ms)
	Range of Indicated Lock Times (t) (ms)

	0 – 63
	1
	i
	0 ≤ t < 64

	64 – 95
	2
	2 × i – 64
	64 ≤ t < 128

	96 – 127
	4
	4 × i – 256
	128 ≤ t < 256

	128 – 159
	8
	8 × i – 768
	256 ≤ t < 512

	160 – 191
	16
	16 × i – 2048
	512 ≤ t < 1024

	192 – 223
	32
	32 × i – 5120
	1024 ≤ t < 2048

	224 – 255
	64
	64 × i – 12288
	2048 ≤ t < 4096

	256 – 287
	128
	128 × i – 28672
	4096 ≤ t < 8192

	288 – 319
	256
	256 × i – 65536
	8192 ≤ t < 16384

	320 – 351
	512
	512 × i – 147456
	16384 ≤ t < 32768

	352 – 383
	1024
	1024 × i – 327680
	32768 ≤ t < 65536

	384 – 415
	2048
	2048 × i – 720896
	65536 ≤ t < 131072

	416 – 447
	4096
	4096 × i – 1572864
	131072 ≤ t < 262144

	448 – 479
	8192
	8192 × i – 3407872
	262144 ≤ t < 524288

	480 – 511
	16384
	16384 × i – 7340032
	524288 ≤ t < 1048576

	512 – 543
	32768
	32768 × i – 15728640
	1048576 ≤ t < 2097152

	544 – 575
	65536
	65536 × i – 33554432
	2097152 ≤ t < 4194304

	576 – 607
	131072
	131072 × i – 71303168
	4194304 ≤ t < 8388608

	608 – 639
	262144
	262144 × i – 150994944
	8388608 ≤ t < 16777216

	640 – 671
	524288
	524288 × i – 318767104
	16777216 ≤ t < 33554432

	672 – 703
	1048576
	1048576 × i – 671088640
	33554432 ≤ t < 67108864

	704
	2097152
	2097152 × i – 1409286144
	67108864 ≤ t

	705 – 1023
	Reserved



–	GLO-RTK-BiasInformation
The IE GLO-RTK-BiasInformation is used by the location server to provide the so-called "GLONASS Code-Phase bias values" (CPB) for up to all FDMA GLONASS observations.
If IE GNSS-RTK-Observations for gnss-ID = glonass are provided, but IE GLO-RTK-BiasInformation is not provided, the target device assumes that the CPB information has been applied to the GLONASS observation data a priori. 
The parameters provided in IE GLO-RTK-BiasInformation are used as specified for message type 1230 in [30].
-- ASN1START

GLO-RTK-BiasInformation-r15 ::= SEQUENCE (SIZE(1..32)) OF GLO-RTK-BiasInformationElement-r15


GLO-RTK-BiasInformationElement-r15 ::= SEQUENCE{
	referenceStationID-r15		GNSS-ReferenceStationID-r15,
	cpbIndicator-r15			BIT STRING (SIZE(1)),
	l1-ca-cpBias-r15			INTEGER (-32768..32767)			OPTIONAL,
	l1-p-cpBias-r15				INTEGER (-32768..32767)			OPTIONAL,
	l2-ca-cpBias-r15			INTEGER (-32768..32767)			OPTIONAL,
	l2-p-cpBias-r15				INTEGER (-32768..32767)			OPTIONAL,
	...
}

-- ASN1STOP

	GLO-RTK-BiasInformation field descriptions

	referenceStationID
This field specifies the Station ID for which the GLO-RTK-BiasInformationElement is provided.

	cpbIndicator
This field specifies the GLONASS Code-Phase Bias Indicator. The interpretation of the value is as follows:
	0 – The GLONASS Pseudorange and Phaserange observations in IE GNSS-RTK-Observations are not aligned to 		the same measurement epoch.
	1 – The GLONASS Pseudorange and Phaserange observations in IE GNSS-RTK-Observations are aligned to the 		same measurement epoch.

	l1-ca-cpBias
This field specifies the GLONASS L1 C/A Code-Phase Bias, which represents the offset between the L1 C/A Pseudorange and L1 Phaserange measurement epochs in meters. 
If cpbIndicator is set to 0, the measurement epoch of the GLONASS L1 Phaserange measurements may be aligned using:
	Aligned GLONASS L1 Phaserange = Full GLONASS L1 Phaserange + GLONASS L1 C/A Code-Phase Bias.
If cpbIndicator is set to 1, the measurement epoch of the GLONASS L1 Phaserange measurements may be unaligned using:
	Unaligned GLONASS L1 Phaserange = Full GLONASS L1 Phaserange – GLONASS L1 C/A Code-Phase Bias.
Scale factor 0.02 m. Range ±655.34 m. 

	l1-p-cpBias
This field specifies the GLONASS L1 P Code-Phase Bias, which represents the offset between the L1 P Pseudorange and L1 Phaserange measurement epochs in meters. 
If cpbIndicator is set to 0, the measurement epoch of the GLONASS L1 Phaserange measurements may be aligned using:
	Aligned GLONASS L1 Phaserange = Full GLONASS L1 Phaserange + GLONASS L1 P Code-Phase Bias.
If cpbIndicator is set to 1, the measurement epoch of the GLONASS L1 Phaserange measurements may be unaligned using:
	Unaligned GLONASS L1 Phaserange = Full GLONASS L1 Phaserange – GLONASS L1 P Code-Phase Bias.
Scale factor 0.02 m. Range ±655.34 m.

	l2-ca-cpBias
This field specifies the GLONASS L2 C/A Code-Phase Bias, which represents the offset between the L2 C/A Pseudorange and L2 Phaserange measurement epochs in meters. 
If cpbIndicator is set to 0, the measurement epoch of the GLONASS L2 Phaserange measurements may be aligned using:
	Aligned GLONASS L2 Phaserange = Full GLONASS L2 Phaserange + GLONASS L2 C/A Code-Phase Bias.
If cpbIndicator is set to 1, the measurement epoch of the GLONASS L2 Phaserange measurements may be unaligned using:
	Unaligned GLONASS L2 Phaserange = Full GLONASS L2 Phaserange – GLONASS L2 C/A Code-Phase Bias.
Scale factor 0.02 m. Range ±655.34 m.

	l2-p-cpBias
This field specifies the GLONASS L2 P Code-Phase Bias, which represents the offset between the L2 P Pseudorange and L2 Phaserange measurement epochs in meters. 
If cpbIndicator is set to 0, the measurement epoch of the GLONASS L2 Phaserange measurements may be aligned using:
	Aligned GLONASS L2 Phaserange = Full GLONASS L2 Phaserange + GLONASS L2 P Code-Phase Bias.
If cpbIndicator is set to 1, the measurement epoch of the GLONASS L2 Phaserange measurements may be unaligned using:
	Unaligned GLONASS L2 Phaserange = Full GLONASS L2 Phaserange – GLONASS L2 P Code-Phase Bias.
Scale factor 0.02 m. Range ±655.34 m.



Appendix A3 Text Proposal for TS 36.355
[bookmark: _Toc494150535]6.5.2	A-GNSS Positioning
[bookmark: _Toc494150482]6.5.2.1	GNSS Assistance Data
[…]
· [bookmark: _Toc494150485]GNSS-GenericAssistData
The IE GNSS-GenericAssistData is used by the location server to provide assistance data for a specific GNSS (e.g., GPS, Galileo, GLONASS, BDS, etc.). The specific GNSS for which the provided assistance data are applicable is indicated by the IE GNSS‑ID and (if applicable) by the IE SBAS‑ID. Assistance for up to 16 GNSSs can be provided.
-- ASN1START

GNSS-GenericAssistData ::= SEQUENCE (SIZE (1..16)) OF GNSS-GenericAssistDataElement

GNSS-GenericAssistDataElement ::= SEQUENCE {
	gnss-ID 						GNSS-ID,
	sbas-ID							SBAS-ID 						OPTIONAL, -- Cond GNSS-ID-SBAS
	gnss-TimeModels					GNSS-TimeModelList				OPTIONAL,	-- Need ON
	gnss-DifferentialCorrections	GNSS-DifferentialCorrections	OPTIONAL,	-- Need ON
	gnss-NavigationModel			GNSS-NavigationModel			OPTIONAL,	-- Need ON
	gnss-RealTimeIntegrity			GNSS-RealTimeIntegrity			OPTIONAL,	-- Need ON
	gnss-DataBitAssistance			GNSS-DataBitAssistance			OPTIONAL,	-- Need ON
	gnss-AcquisitionAssistance		GNSS-AcquisitionAssistance 		OPTIONAL,	-- Need ON
	gnss-Almanac					GNSS-Almanac					OPTIONAL,	-- Need ON
	gnss-UTC-Model					GNSS-UTC-Model					OPTIONAL,	-- Need ON
	gnss-AuxiliaryInformation		GNSS-AuxiliaryInformation		OPTIONAL,	-- Need ON
	...,
	[[
		bds-DifferentialCorrections-r12	
									BDS-DifferentialCorrections-r12	OPTIONAL,	-- Cond	GNSS-ID-BDS
		bds-GridModel-r12			BDS-GridModelParameter-r12		OPTIONAL	-- Cond	GNSS-ID-BDS
	]],
	[[
		gnss-RTK-Observations-r15	GNSS-RTK-Observations-r15		OPTIONAL,	-- Need ON
		gnss-RTK-RStransferInfo-r15	GNSS-RTK-RStransferInfo-r15		OPTIONAL,	-- Cond RTK-RST
		glo-RTK-BiasInformation-r15	GLO-RTK-BiasInformation-r15		OPTIONAL,	-- Cond GNSS-ID-GLO
		gnss-RTK-MAC-CorrectionDifferences-r15
									GNSS-RTK-MAC-CorrectionDifferences-r15
																	OPTIONAL,	-- Need ON
		gnss-RTK-Residuals-r15		GNSS-RTK-Residuals-r15			OPTIONAL,	-- Need ON
		gnss-RTK-FKP-Gradients-r15	GNSS-RTK-FKP-Gradients-r15		OPTIONAL,	-- Need ON
		gnss-SSR-OrbitCorrections-r15
									GNSS-SSR-OrbitCorrections-r15	OPTIONAL,	-- Need ON
		gnss-SSR-ClockCorrections-r15
									GNSS-SSR-ClockCorrections-r15	OPTIONAL,	-- Need ON
		gnss-SSR-CodeBias-r15		GNSS-SSR-CodeBias-r15			OPTIONAL	-- Need ON
	]]
}

-- ASN1STOP

	Conditional presence
	Explanation

	GNSS‑ID‑SBAS
	The field is mandatory present if the GNSS‑ID = sbas; otherwise it is not present.

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

	GNSS-ID-GLO
	The field may be present if the GNSS ID = glonass; otherwise it is not present.

	RTK-RST
	The field may be present if gnss-RTK-Observations is present, otherwise it is not present



[..]
6.5.2.2	GNSS Assistance Data Elements
[…]
· GNSS-RTK-Observations
The IE GNSS-RTK-Observations is used by the location server to provide GNSS reference station observables (pseudorange, phaserange, phaserange-rate (Doppler), and carrier-to-noise ratio) of the GNSS signals. Essentially, these parameters describe the range and derivatives from respective satellites to the reference station location provided in IE GNSS-RTK-ReferenceStationInfo at the reference time GNSS-SystemTime provided in IE GNSS-ReferenceTime. Whenever GNSS-RTK-Observations is provided by the location server, the IE GNSS-ReferenceTime shall be provided as well. 
The parameters provided in IE GNSS-RTK-Observations are used as specified for message type 1071-1127 in [30].
-- ASN1START

GNSS-RTK-Observations-r15 ::= SEQUENCE (SIZE(1..64)) OF GNSS-RTK-SatelliteDataElement-r15

GNSS-RTK-SatelliteDataElement-r15 ::= SEQUENCE{
	svID-r15								SV-ID,
	integer-ms-r15							INTEGER (0..254),
    rough-range-r15							INTEGER (0..1023),
	rough-phase-range-rate-r15				INTEGER (-8192..8191)					OPTIONAL,
	gnss-rtk-SatelliteSignalDataList-r15	GNSS-RTK-SatelliteSignalDataList-r15,
	...
}

GNSS-RTK-SatelliteSignalDataList-r15 ::= SEQUENCE (SIZE(1..24)) OF 
														GNSS-RTK-SatelliteSignalDataElement-r15


GNSS-RTK-SatelliteSignalDataElement-r15 ::= SEQUENCE {
	gnss-SignalID-r15					GNSS-SignalID,
	fine-PseudoRange-r15				INTEGER (-524288..524287),
	fine-PhaseRange-r15					INTEGER (-8388608..8388607),
	lockTimeIndicator-r15				INTEGER (0..1023),
	halfCycleAmbiguityIndicator-r15		BIT STRING (SIZE (1)),
	carrier-to-noise-ratio-r15			INTEGER (0..1023)						OPTIONAL,
	fine-PhaseRangeRate-r15				INTEGER (-16384..16383)					OPTIONAL,
	...
}

-- ASN1STOP

	GNSS-RTK-Observations field descriptions

	svID
This field specifies the GNSS SV‑ID of the satellite for which the GNSS Observations are provided.

	integer-ms
This field contains the integer number of milliseconds in the satellite rough range. Rough range can be used to restore complete observables for a given satellite.
Scale factor 1 milli-second in the range from 0 to 254 milli-seconds.

	rough-range
This field contains the sub-milliseconds in the satellite rough range (modulo 1 millisecond). 
Scale factor 2-10 milli-seconds in the range from 0 to (1-2-10) milli-seconds.

	rough-phase-range-rate
This field contains the GNSS satellite rough phaserange rate.
Scale factor 1 m/s. Range ±8191 m/s.

	gnss-SignalID
This field specifies the GNSS signal for which the GNSS observations are provided.

	fine-PseudoRange
This field contains the GNSS signal fine pseudorange.
Being added to fields integer-ms and rough-range allows getting the full pseudorange observable corresponding to given signal. NOTE 1.
Scale factor 2–29 milli-seconds. Range ±(2–10–2–29) milli-seconds.

	fine-PhaseRange
This field contains the GNSS signal fine phaserange.
Being added to fields integer-ms and rough-range allows getting the full phaserange observable corresponding to given signal. NOTE 2.
Scale factor 2–31 milli-seconds. Range ±(2–8–2–31) milli-seconds.

	lockTimeIndicator
This field provides a measure of the amount of time during which the receiver has maintained continuous lock on that satellite signal. If a cycle slip occurs during the previous measurement cycle, the lock time indicator shall be reset to zero.
Mapping according to the table lockTimeIndicator value to interpretation lock-time relation shown below.

	halfCycleAmbiguityIndicator
Value 0 indicates no half-cycle ambiguity. Value 1 indicates half-cycle ambiguity.
When providing phaserange with unresolved polarity encoding this bit shall be set to 1. A target device that is not capable of handling half-cycle ambiguities shall skip such phaserange observables. If polarity resolution forced phaserange to be corrected by half-a-cycle, then the lockTimeIndicator must be reset to zero, indicating that despite continuous tracking the final phaserange experienced non-continuity.

	carrier-to-noise-ratio
This field provides the GNSS signal carrier-to-noise-ratio in dB-Hz.
Scale factor 2–4 dB-Hz in the range from 0.0625 to 63.9375 dB-Hz.

	fine-PhaseRangeRate
This field contains the GNSS signal fine Phase Range Rate.
Full phaserange rate is the sum of this field and the rough-phase-range-rate field. NOTE 3.
Scale factor 0.0001 m/s. Range ±1.6383 m/s. 



NOTE 1:	Complete Pseudorange for each signal (i) of given satellite can be restored as follows: 
Pseudorange(i) = c/1000 × (integer-ms + rough_range/1024 + 2–29 × fine_Pseudorange(i)), meter.
NOTE 2: 	Complete Phaserange for each signal (i) of given satellite can be restored as follows:
Phaserange(i) = c/1000 × (integer-ms + rough_range/1024 + 2–31 × fine_Phaserange(i)), meter.
NOTE 3: 	Complete PhaseRangeRate for each signal (i) of given satellite can be restored as follows:
PhaseRangeRate(i) = rough-phase-range-rate + 0.0001*fine-PhaseRangeRate (i), meter/sec.
NOTE 4:	The speed of light c is 299,792,458 meters per second. 
lockTimeIndicator value to interpretation lock-time relation
	Indicator (i)
	Supplementary coefficient (k)
	Minimum Lock Time (ms)
	Range of Indicated Lock Times (t) (ms)

	0 – 63
	1
	i
	0 ≤ t < 64

	64 – 95
	2
	2 × i – 64
	64 ≤ t < 128

	96 – 127
	4
	4 × i – 256
	128 ≤ t < 256

	128 – 159
	8
	8 × i – 768
	256 ≤ t < 512

	160 – 191
	16
	16 × i – 2048
	512 ≤ t < 1024

	192 – 223
	32
	32 × i – 5120
	1024 ≤ t < 2048

	224 – 255
	64
	64 × i – 12288
	2048 ≤ t < 4096

	256 – 287
	128
	128 × i – 28672
	4096 ≤ t < 8192

	288 – 319
	256
	256 × i – 65536
	8192 ≤ t < 16384

	320 – 351
	512
	512 × i – 147456
	16384 ≤ t < 32768

	352 – 383
	1024
	1024 × i – 327680
	32768 ≤ t < 65536

	384 – 415
	2048
	2048 × i – 720896
	65536 ≤ t < 131072

	416 – 447
	4096
	4096 × i – 1572864
	131072 ≤ t < 262144

	448 – 479
	8192
	8192 × i – 3407872
	262144 ≤ t < 524288

	480 – 511
	16384
	16384 × i – 7340032
	524288 ≤ t < 1048576

	512 – 543
	32768
	32768 × i – 15728640
	1048576 ≤ t < 2097152

	544 – 575
	65536
	65536 × i – 33554432
	2097152 ≤ t < 4194304

	576 – 607
	131072
	131072 × i – 71303168
	4194304 ≤ t < 8388608

	608 – 639
	262144
	262144 × i – 150994944
	8388608 ≤ t < 16777216

	640 – 671
	524288
	524288 × i – 318767104
	16777216 ≤ t < 33554432

	672 – 703
	1048576
	1048576 × i – 671088640
	33554432 ≤ t < 67108864

	704
	2097152
	2097152 × i – 1409286144
	67108864 ≤ t

	705 – 1023
	Reserved



· GNSS-RTK-RStransferInfo
The IE GNSS-RTK-RStransferInfo is used by the location server to provide GNSS reference station transfer information to a target device to enable the device to transfer the integer ambiguity solution associated to a current reference station to a new reference station. The transfer information is provided as a double difference of the integer parts associated to both the current and new reference stations as well as for each satellite and a reference satellite. 

-- ASN1START

GNSS-RTK-RStransferInfo-r15 ::= SEQUENCE{
	currentStationID-r15					GNSS-ReferenceStationID-r15,
	newStationID-r15						GNSS-ReferenceStationID-r15,
	svIDref-r15								SV-ID,
	gnss-rtk-RStransferInfoList-r15			GNSS-RTK-RStransferInfoList-r15,
	...
}

GNSS-RTK-RStransferInfoList-r15 ::= SEQUENCE (SIZE(1..63)) OF 
														GNSS-RTK-RStransferInfoListElement-r15


GNSS-RTK-RStransferInfoListElement-r15 ::= SEQUENCE {
	svID-r15							SV-ID,
	gnss-rtk-RStransferDataList-r15		GNSS-RTK-RStransferDataList-r15
	...
}

GNSS-RTK-RStransferDataList-r15 ::= SEQUENCE (SIZE(1..24)) OF 
														GNSS-RTK-RStransferDataListElement-r15


GNSS-RTK-RStransferDataListElement ::= SEQUENCE {
	gnss-SignalID-r15					GNSS-SignalID,
	rsTransferInteger					INTEGER (-127..128),
	...
}

-- ASN1STOP

	GNSS-RTK-Observations field descriptions

	svIDref
This field specifies the GNSS SV‑ID of the satellite used as reference of the reference station transfer information for the integer ambiguity solution.

	svID
This field specifies the GNSS SV‑ID of any satellite except the reference satellite and is used to identify the satellite to which the reference station transfer information is associated to.

	currentStationID
The ID of the current reference stations, i.e. the reference station the target device is transferring from

	newStationID
The ID of the new reference stations, i.e. the reference station the target device is transferring to

	gnss-SignalID
This field specifies the GNSS signal for which the reference station transfer information is associated to.

	rsTransferInteger
The double difference integer ambiguity solution transfer information, that transfers the double difference integer ambiguity solution associated to the current reference station and the device to the double difference integer ambiguity solution associated to the new reference station.



[…]
6.5.2.4	GNSS Assistance Data Request Elements
 […]
–	GNSS-RTK-ObservationsReq
The IE GNSS-RTK-ObservationsReq is used by the target device to request the GNSS-RTK-Observations assistance from the location server.
-- ASN1START

GNSS-RTK-ObservationsReq-r15::= 	SEQUENCE {
	gnss-RTK-SignalsReq-r15				GNSS-SignalIDs,
	gnss-RTK-PhaseRangeRateReq-r15		BOOLEAN,
[bookmark: _Hlk499264629]	gnss-RTK-CNR-Req-r15				BOOLEAN,
	stationID-r15						GNSS-ReferenceStationID-r15		OPTIONAL,
	currStationID-r15					GNSS-ReferenceStationID-r15		OPTIONAL,
	gnss-RTK-RStransferInfoReq-r15		BOOLEAN							OPTIONAL,
	...
}

-- ASN1STOP

	GNSS-RTK-ObservationsReq field descriptions

	gnss-RTK-SignalsReq 
This field specifies the GNSS Signal(s) for which the GNSS-RTK-Observations are requested. A one‑value at a bit position means RTK observations for the specific signal are requested; a zero‑value means not requested. 

	gnss-RTK-PhaseRangeRateReq
This field specifies whether the rough-phase-range-rate and fine-PhaseRangeRate are requested or not. TRUE means requested.

	gnss-RTK-CNR-Req
This field specifies whether the carrier-to-noise-ratio is requested or not. TRUE means requested.

	stationID
This field specifies the Station ID for which the GNSS-RTK-Observations are requested. 

	currStationID
This field specifies the Station ID for which the GNSS-RTK-Observations have been requested up until now.

	gnss-RTK-RStransferInfoReq
This field specifies whether the reference station transfer information is requested or not TRUE means requested.



[…]

Appendix A4 Text Proposal for TS 36.355
–	GNSS-PeriodicAssistData
The IE GNSS-PeriodicAssistData is used by the location server to provide control parameters for a periodic assistance data delivery session (e.g., interval and duration) to the target device.
NOTE: 	Omission of a particular assistance data type field in IE GNSS-PeriodicAssistData means that the location server does not provide this assistance data type in a data transaction of a periodic assistance data delivery session, as described in sub-clauses 5.2.1a and 5.2.2a. Inclusion of no assistance data type fields in IE GNSS-PeriodicAssistData means that a periodic assistance data delivery session is terminated.
-- ASN1START

GNSS-PeriodicAssistData-r15 ::= SEQUENCE {
	gnss-RTK-PeriodicObservations-r15		GNSS-PeriodicControlParam-r15	OPTIONAL,	-- Need ON
	glo-RTK-PeriodicBiasInformation-r15		GNSS-PeriodicControlParam-r15	OPTIONAL,	-- Need ON
	gnss-RTK-MAC-PeriodicCorrectionDifferences-r15
											GNSS-PeriodicControlParam-r15	OPTIONAL,	-- Need ON	gnss-RTK-PeriodicResiduals-r15			GNSS-PeriodicControlParam-r15	OPTIONAL,	-- Need ON
	gnss-RTK-FKP-PeriodicGradients-r15		GNSS-PeriodicControlParam-r15	OPTIONAL,	-- Need ON
	gnss-SSR-PeriodicOrbitCorrections-r15
											GNSS-PeriodicControlParam-r15	OPTIONAL, 	-- Need ON
	gnss-SSR-PeriodicClockCorrections-r15
											GNSS-PeriodicControlParam-r15	OPTIONAL, 	-- Need ON
	gnss-SSR-PeriodicCodeBias-r15			GNSS-PeriodicControlParam-r15	OPTIONAL,  	-- Need ON
	gnss-RTK-PeriodicObservations-r15		GNSS-RTK-Observations-r15		OPTIONAL,	-- Need ON
	glo-RTK-PeriodicBiasInformation-r15		GLO-RTK-BiasInformation -r15	OPTIONAL,	-- Need ON
	gnss-RTK-MAC-PeriodicCorrectionDifferences-r15
									GNSS-RTK-MAC-CorrectionDifferences-r15	OPTIONAL,	-- Need ON
	gnss-RTK-PeriodicResiduals-r15			GNSS-RTK-Residuals-r15			OPTIONAL,	-- Need ON
	gnss-RTK-FKP-PeriodicGradients-r15		GNSS-RTK-FKP-Gradients-r15		OPTIONAL,	-- Need ON
	gnss-SSR-PeriodicOrbitCorrections-r15	GNSS-SSR-OrbitCorrections-r15	OPTIONAL, 	-- Need ON
	gnss-SSR-PeriodicClockCorrections-r15	GNSS-SSR-ClockCorrections-r15	OPTIONAL, 	-- Need ON
	gnss-SSR-PeriodicCodeBias-r15			GNSS-SSR-CodeBias-r15			OPTIONAL,  	-- Need ON
	...
}

-- ASN1STOP
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