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Discussion and decision
1. Introduction
3GPP TS 36.171 defines in Annex E (Table E.1) the GNSS assistance data required for testing. The assistance data provided during the tests depend on the mode being used in the test case (UE-assisted or UE-based), the assistance data supported by the UE and the GNSSs supported by the UE.
However, in case of UE-assisted A-GNSS with GPS and GLONASS and Acquisition Assistance supported by the UE, the UE also needs the UTC model assistance to unambiguously determine the GLONASS SV time, as shown in section 2 below. This element is missing in Table E.1.
A CR to correct Table E.1 in TS 36.171 is provided in tdoc R4-132434.
Note: 
For UMTS as well as for GERAN, the minimum performance specifications 25.172 and 45.005, respectively, define only the assistance data elements which are available at the System Simulator, and the assistance data needed by the UE are requested by the UE via Assistance Data request messages (see 25.172, Annex D and 45.005, Annex O.5, respectively), for both, UE-based and UE-assisted GANSS.
2. Discussion
For A-GNSS, LPP (3GPP TS 36.355) defines the GNSS Reference Time as “Common Assistance Data” applicable to all GNSSs and the GNSS Acquisition Assistance as “Generic Assistance Data” applicable to a specific GNSS as indicated by a GNSS ID.  In case of multi-GNSS (e.g., GPS+GLONASS), this means that GNSS specific acquisition assistance data are provided referenced to a single GNSS reference time.  LPP specifies (in Figure 6.5.2.2-1) how the UE can calculate the expected satellite transmit time based on the provided reference time and GNSS acquisition assistance data. 
However, this calculation as specified in LPP only works in case the system times of the various GNSSs have a fixed and well defined relationship to each other. In case of GPS and GLONASS, the system time relationship is changing due to the occasional introduction of leap seconds. If the UE does not know the current leap second offset between GPS and GLONASS system time, the UE cannot calculate the expected satellite transmit time. 

The Figure below is an extended version of Figure 6.5.2.2-1 of LPP showing the exemplary calculation of some GNSS acquisition assistance data fields for A-GNSS with A-GPS and A-GLONASS. The top part of the Figure shows the timing of the satellites, and the bottom part shows the timing at the reference location as calculated by the location server. 
Between the GPS and GLONASS systems times, there is a small (sub-ms) offset GPS, and an integer second offset (current leap seconds count leap), as well as a fixed 3 hours offset. The exemplary GPS time of 10,000 ms correspond to the GLONASS time of 10,794,000 ms  GPS (assuming a 16 seconds leap second offset).

In the example of the Figure below, the GPS Time of week is used as reference time for calculating the GNSS acquisition assistance data. The location server calculates the integer code phase and sub-ms code phase as defined in LPP.

For example, for GPS satellite SV#1, the integer code phase is given as the transit time 10,000 – 9922 = 78 ms.  The sub-ms codephase for the GPS SV#1 in this example is 0.6383 ms. As defined in LPP, the UE would use the parameters provided to calculate the satellite transmit time as GPS TOW – Integer Code Phase + Code Phase = 10,000 – 78 + 0.6383, resulting in 9922.6383 ms, as shown in the Figure below. 

For the GLONASS SV#1 in the example, and following the same rules as for GPS above, the location server would calculate the “transit time” as 10,000 – 10,793,927 = 10,783,927 ms. LPP defines the integer code phase modulo 128 ms. Therefore, the integer code phase in this example would be mod(10,000 – 10,793,927, 128) = 73 ms (where 
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 ).The sub-ms codephase for the GLONASS SV#1 in this example is 0.5212 ms.
Note, the so calculated integer code phase of 73 ms corresponds indeed to the GLONASS transit time (milli-second part) (i.e., to the integer code phase definition in LPP). If for the same example GLONASS reference time would be used (instead of GPS TOW), the GLONASS system time corresponding to the exemplary 10,000 ms GPS TOW would be 10,794,000 ms ( GPS) (i.e., GPS TOW + 3 hours – leap seconds; assuming 16 leap seconds). Therefore, 10,794,000  10,793,927  = 73 ms transit time.

However, the UE cannot calculate the expected GLONASS transmit time given the parameters provided in reference time and acquisition assistance elements alone. As defined in LPP, the UE would calculate as above: GPS TOW – Integer Code Phase + Code Phase = 10,000 – 73 ms  + 0.5212 (as used as example for GLONASS SV #1 in the Figure below). This results in 9927.5212 ms (and not in the correct result  of 10,793,927.5212 ms shown in the Figure). 

This discrepancy is because of the common GNSS reference time used (GPS TOW in the example) and the modulo operation in the integer code phase. I.e., the true satellite transmit time for GLONASS SV#1 would be 10,000 ms – [73 ms  + (n×128 ms)] + 0.5212 ms, where n is an integer.

In order to calculate the expected satellite transmit time for GLONASS in this example, the UE would need the GPS‑GLONASS time offset. Assuming that the sub-ms offset has been taken into account by the location server when calculating the code phases (i.e., the GLONASS code phases in this example are valid at GLONASS reference time of 10,794,000 ms + GPS), the unknown offset is the current leap second count (plus the 3 hours, which are fixed). The unknown value n above would be in this example (in ms) n = (tGPS – tGLO)/128 = (3 hours – leap)/128 = (10,800 – 16)*1000/128 = 84,250. Therefore, with the knowledge of the leap seconds leap the UE can calculate the correct satellite transmit time for the example GLONASS SV#1 in the Figure 10,000 – [73 ms  + (n×128 ms)] + 0.5212 = 10,000 – [73 ms  + (84,250×128 ms)] + 0.5212 = 10,793,927.5212 ms.

Or in another way, the example GLONASS SV#1 transmit time would be calculated by the UE as (GPS TOW – Leap Seconds + 3 hours) – Integer Code Phase + Code Phase = (10,000 – 16×1000 + 10,800×1000) – 73 ms  + 0.5212 =  10,793,927.5212 ms (i.e., the GPS reference time is converted to GLONASS reference time first, and the SV transmit time is calculated such as if GLONASS reference time is used).
In any case, the leap second offset between GPS and GLONASS time is required at the UE to calculate the correct SV transmit time. 
3. Conclusion
Given the definitions in LPP, where a single reference time is used for providing acquisition assistance data for multiple GNSSs, the UE would need to know the leap second offset between GPS and GLONASS time in order to correctly determine the expected satellite transmit times at the reference location. The leap seconds offset is included in the GNSS UTC Model assistance data. Therefore, Table E.1 in TS 36.171 needs to be corrected as follows:
Table E.1: Assistance Data to be provided to the UE

	Assistance Data IE supported by UE
	Mode used in test case

	
	UE-based
	UE-assisted,

GNSS-AcquisitionAssistance supported by UE
	UE-assisted,

GNSS-AcquisitionAssistance not supported by UE

	GNSS-Reference Time
	Yes
	Yes
	Yes

	GNSS-ReferenceLocation
	Yes
	No
	Yes

	GNSS-IonosphericModel
	Yes
	No
	No

	GNSS-TimeModelList
	Yes(1)
	No
	Yes(1)

	GNSS-NavigationModel
	Yes
	No
	Yes

	GNSS-AcquisitionAssistance
	No
	Yes
	No

	GNSS-Almanac
	No
	No
	Yes

	GNSS-UTC-Model
	Yes
	Yes(3)
	Yes(3)

	GNSS-AuxiliaryInformation
	Yes(2)
	Yes(2)
	Yes(2)

	NOTE 1: In case more than a single GNSS is supported by the UE.

NOTE 2: In case the UE supports GLONASS, or more than one GNSS signal.
NOTE 3: In case more than a single GNSS is supported by the UE and the UE supports GLONASS.


(Note, although the discussion in section 2 above focuses on the case where GNSS-AcquisitionAssistance is supported by UE, the same reasons apply also to the case where GNSS-AcquisitionAssistance is not supported by UE.) 
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