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1. 
Introduction
The GANSS Time Model provides the GNSS-GNSS system time offset (GGTO) between two GNSSs. In RRLP [1] this field may be included in the GANSS Generic Assistance data element. 
In UMTS the GGTO may be provided in the IE "UE positioning GANSS time model" included in the IE "UE positioning GANSS assistance data" [2] and has the same definition as in RRLP. 

However, the current definition of the GGTO has some problems, as discussed in this contribution.
2. 
Current Definition of the GGTO
The general definition of the GGTO is the same in GSM [1] and UMTS [2]. 
In RRLP the GANSS Time Model is used by the SMLC to provide the GNSS‑GNSS system time offset between the GNSS system time indicated by GANSS_ID in GANSS Generic Assistance data element to the GNSS system time indicated by GNSS_TO_ID:

SeqOfGANSSGenericAssistDataElement ::= SEQUENCE (SIZE (1..8)) OF GANSSGenericAssistDataElement
GANSSGenericAssistDataElement ::= SEQUENCE {


ganssID 




INTEGER (0..7)




OPTIONAL,


ganssTimeModel



SeqOfGANSSTimeModel



OPTIONAL,


ganssDiffCorrections

GANSSDiffCorrections


OPTIONAL,


ganssNavigationModel

GANSSNavModel




OPTIONAL,


ganssRealTimeIntegrity

GANSSRealTimeIntegrity


OPTIONAL,


ganssDataBitAssist


GANSSDataBitAssist



OPTIONAL,


ganssRefMeasurementAssist
GANSSRefMeasurementAssist 

OPTIONAL,


ganssAlmanacModel


GANSSAlmanacModel



OPTIONAL,


ganssUTCModel



GANSSUTCModel




OPTIONAL,


ganssEphemerisExtension

GANSSEphemerisExtension


OPTIONAL,


ganssEphemerisExtCheck

GANSSEphemerisExtensionCheck
OPTIONAL,


... ,

The definition of the SeqOfGANSSTimeModel is as follows:
SeqOfGANSSTimeModel ::= SEQUENCE (SIZE(1..7)) OF GANSSTimeModelElement

GANSSTimeModelElement ::= SEQUENCE {


ganssTimeModelRefTime

INTEGER(0 .. 65535),


tA0

 




TA0,


tA1

 




TA1 




OPTIONAL,


tA2

 




TA2 




OPTIONAL,

 
gnssTOID 




INTEGER (0 .. 7), 

-- coding according to annex

 
weekNumber 




INTEGER (0 .. 8191) 
OPTIONAL 

}

GANSS Time Model

	Parameter
	# Bits
	Scale Factor
	Range
	Units
	Incl.

	GANSS Time Model Reference Time
	16
	24
	0 - 604784
	s
	M

	TA0
	32
	2-35
	
	sec
	M

	TA1
	24
	2-51
	
	sec/sec
	O

	TA2
	7
	2-68
	
	sec/sec2
	O

	GNSS_TO_ID
	3
	---
	---
	---
	M

	Week Number
	13
	1
	0 - 8191
	week
	O 


GNSS_TO_ID

This field specifies GNSS Time Offset ID. GANSS Time Model contains parameters to convert GNSS System Time from the system indicated by GANSS_ID to GNSS System Time indicated by GNSS_TO_ID. The conversion is defined in [12,13,14].
GNSS_TO_ID

	GNSS_TO_ID
	Indication

	GPS
	0

	GALILEO
	1

	QZSS
	2

	GLONASS
	3

	BDS
	4

	Reserved for future use
	5-7


The use of the parameters is defined in RLPP reference [12,13,14], which are the GPS ICDs. The time relationship between the system time indicated by GANSS_ID and system time indicated by GNSS_TO_ID is then given by the following equation (see Ref. [12,13,14] in RRLP):

tGNSS = tE - (A0GGTO + A1GGTO (tE - tGGTO + 604800 (WN - WNGGTO)) + A2GGTO (tE - tGGTO + 604800 (WN - WNGGTO))2 )

where

tGNSS

is the system time of week of the "other" GNSS (i.e., the unknown GNSS time). This "other" GNSS would be
 


the GNSS indicated by GNSS_TO_ID. 
tE


is the system time of week for the "known" GNSS; i.e., whose system time should be related to the "other" 



GNSS. This is the GNSS indicated by GANSS_ID.
WN

is the week number of the GNSS system time for the "known" GNSS (indicated by GANSS_ID)
 


corresponding to the tE. 
tGGTO

is the system time of week for the time model data in the GNSS time for the "known" GNSS (indicated by
 


GANSS_ID) and given by the GANSS Time Model Reference Time field.
WNGGTO
is the week number for the time model data in the GNSS time for the "known" GNSS (indicated by
 


GANSS_ID) corresponding to the tGGTO and given by the Week Number field. 
A0GGTO
is the bias coefficient given by the TA0 field.
A1GGTO
is the drift coefficient given by the TA1 field.
A2GGTO
is the drift rate coefficient given by the TA2 field. 


Therefore, the "from GNSS time" (tE, WN) is related to the "to GNSS time" tGNSS using the polynomial above, with the bias/offset A0GGTO, drift A1GGTO, and drift rate A2GGTO.
In its simplest form, the drift and drift rate may be zero, and the unknown GNSS time would be related to the known GNSS time by:
tGNSS = tE - A0GGTO
3. 
Problems with Current Definition of the GGTO

The following problems with the current definition of the GANSS Time Model (and IE "UE positioning GANSS time model" for UMTS) were identified:
1. The GANSS Time Model (and IE "UE positioning GANSS time model") provides the GGTO from the GNSS indicated by GANSS_ID to the GNSS indicated by GNSS_TO_ID. Therefore, the "from GNSS time" must be the known GNSS time at the MS. The known GNSS time is the time provided in the Reference Time assistance data (which may be either GPS Reference Time or GANSS Reference Time). 
2. The times provided by the GANSS Time Model are specified in Time Of Week (TOW) and Week Number (WN). However, GANSS Reference Time in GANSS Common Assistance Data is given in Time-Of-Day (GANSS TOD) and Day Number (GANSS Day).

3. The field names in GANSS Time Model do not correspond to the parameter names in the formula specified in the GPS ICDs. Therefore, it may be unclear which field in GANSS Time Model corresponds to which value in the time conversion formula.
Problems (2.) and (3.) above could be solved by a simple clarification in RRLP [1]. For example, by a NOTE which copies the formula from reference [12,13,14] into RRLP (similar as in section 2 above), together with a clarification that a GANSS Week consists of 7 GANSS Days, with week number counter starting at zero at the individual GNSS system time origins. 
Problem (1.) above could also have a simple solution for GANSS only, by adding a note that the SMLC should provide a GANSS Time Model for the same GANSS_ID as the GANSS_TIME_ID in GANSS Reference Time assistance. I.e., the "from GNSS time" should always be the GANSS Reference Time (which would be the known UE time). However, for GPS+GANSS implementations, there is an additional problem as discussed in section 4 below.
For example, consider a Galileo+BDS MS (i.e., GANSS only), where the Reference Time assistance is provided for Galileo (GANSS_TIME_ID = ‘galileo’ in GANSS Reference Time), and the GGTO for BDS is required. In this case, the location server should include the GANSS Time Model in the GANSS assistance data (GANSS_ID = ‘galileo’ in GANSS Generic Assistance Data) and GNSS_TO_ID = ‘bds’ in GANSS Time Model. The UE could then calculate the desired BDS time from the known/provided Galileo time:
tBDS = tGAL - (A0GGTO + A1GGTO (tGAL - tGGTO + 604800 (WNGAL - WNGGTO)) + A2GGTO (tGAL - tGGTO + 604800 (WNGAL - 




WNGGTO))2 )
where all times on the right-hand side of the equation would be according to (the known) Galileo time. Subtracting the offset from the Galileo time gives the desired BDS time in this example. 
If the location server would instead provide the GANSS Time Model the other way around, i.e., would include the GANSS Time Model in the BDS assistance data (GANSS_ID = ‘bds’ in GANSS Generic Assistance Data), the "from GNSS time" would be BDS time, and the "to GNSS time" would be Galileo time:

tGAL = tBDS - (A0GGTO + A1GGTO (tBDS - tGGTO + 604800 (WNBDS - WNGGTO)) + A2GGTO (tBDS - tGGTO + 604800 (WNBDS - 



WNGGTO))2 )

where all times on the right-hand side of the equation would be according to BDS time now. However, the Galileo time is known at the UE in this example (since provided in the GANSS Reference Time assistance), and the MS would have to solve the above equation for the unknown BDS time, which is only possible if the MS assumes A1GGTO and A2GGTO are equal to zero; i.e.:

tGAL = tBDS  A0GGTO 
and therefore, the unknown BDS time would be 

tBDS = tGAL + A0GGTO 
Observation 1:
For GANSS-only implementations, the GANSS Time Model must be provided in the GANSS Generic Assistance data element for the GANSS_ID corresponding to the GANSS_TIME_ID in the GANSS Reference Time assistance. 

Observation 2:
If a SMLC does not provide the GANSS Time Model according to Observation 1 for GANSS only implementations, a MS would have to set A1GGTO and A2GGTO in the time model equal to zero in order to obtain the desired (unknown) system time from the GANSS Time Model, which may result in reduced time accuracy and validity period of the time model data (e.g., if there is a drift and the GANSS Time Model Reference Time is too far in the past).
An example implementation of Observation 1 and 2 in RRLP could be:

GNSS_TO_ID

This field specifies GNSS Time Offset ID. GANSS Time Model contains parameters to convert GNSS System Time from the system indicated by GANSS_ID to GNSS System Time indicated by GNSS_TO_ID. The conversion is defined in [12,13,14]. The SMLC should include a GANSS Time Model for the same GANSS_ID as the GANSS_TIME_ID in GANSS Reference Time. If the SMLC does not include a GANSS Time Model for the same GANSS_ID as the GANSS_TIME_ID in GANSS Reference Time the MS assumes TA1 and TA2 are equal to zero.
4. 
Additional Problems for GPS+GANSS
In GSM and UMTS, GNSS is split into (legacy) GPS and GANSS. I.e., the GANSS assistance data do not include a GANSS ID for (legacy) GPS. For GNSS implementations supporting GPS (e.g. GPS+GLONASS implementations), the reference time assistance is usually provided via the (legacy) GPS Reference Time (IE "UE positioning GPS reference time" in UMTS) (e.g., since it contains more information than the GANSS reference time), and therefore, the clarification as proposed for GANSS-only in section 3 above is not sufficient.

In case of GPS+GANSS implementations and GPS Reference Time is provided, the "from GNSS time" would be GPS time, but since there is no GANSS ID for GPS, the GANSS Time Model cannot be provided as discussed in section 3 above. I.e., the "from GNSS time" would always be the unknown time. As discussed in section 3 above, the MS could calculate the desired time only if the A1GGTO and A2GGTO coefficients are zero. Therefore, the proposal in section 3 above would need to be augmented to cover also the cases for GPS+GANSS implementations where the reference time is provided in the (legacy) GPS Reference Time. For example:
GNSS_TO_ID

This field specifies GNSS Time Offset ID. GANSS Time Model contains parameters to convert GNSS System Time from the system indicated by GANSS_ID to GNSS System Time indicated by GNSS_TO_ID. The conversion is defined in [12,13,14]. The SMLC should include a GANSS Time Model for the same GANSS_ID as the GANSS_TIME_ID in GANSS Reference Time. If the SMLC does not include a GANSS Time Model for the same GANSS_ID as the GANSS_TIME_ID in GANSS Reference Time or if GANSS Reference Time is not included the MS assumes TA1 and TA2 are equal to zero.
The above means that the MS could not make use of the complete time model, and as a consequence, the SMLC should provide a "current" time model (i.e., with current GANSS Time Model Reference Time), so that any potential GGTO drift has negligable impact.
Observation 3:
If GPS Reference Time is provided in the assistance data (and no GANSS Reference Time; e.g., for GPS+GANSS implementations), the TA1 and TA2 should be set to zero.
Observation 4:
Observation 1-3 could be implemented via a clarification to RRLP Rel-14 only (with the understanding that the clarification also applies to earlier releases), which should not create backwards compatibility problems.

5. 
Summary

In this contribution, we discussed several issues with the current definition of the GANSS Time Model Assistance Data. The following was observed:
Observation 1:
For GANSS-only implementations, the GANSS Time Model must be provided in the GANSS Generic Assistance data element for the GANSS_ID corresponding to the GANSS_TIME_ID in the GANSS Reference Time assistance. 

Observation 2:
If a SMLC does not provide the GANSS Time Model according to Observation 1 for GANSS only implementations, a MS would have to set A1GGTO and A2GGTO in the time model equal to zero in order to obtain the desired (unknown) system time from the GANSS Time Model, which may result in reduced time accuracy and validity period of the time model data (e.g., if there is a drift and the GANSS Time Model Reference Time is too far in the past).
Observation 3:
If GPS Reference Time is provided in the assistance data (and no GANSS Reference Time; e.g., for GPS+GANSS implementations), the TA1 and TA2 should be set to zero.
Observation 4:
Observation 1-3 could be implemented via a clarification to RRLP Rel-14 only (with the understanding that the clarification also applies to earlier releases), which should not create backwards compatibility problems. 
A CR to GSM RRLP and UMTS RRC is proposed in R6-170402 and R6-170403, respectively. 
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