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1
Introduction
The SFN initialisation time is currently defined in TS36.455 section 9.2.7 as:

	>>SFN Initialisation Time
	M
	
	BIT STRING (64)
	Time in seconds relative to 00:00:00 on 1 January  1900 where binary encoding of the integer part is in the first 32 bits and binary encoding of the fraction part in the last 32 bits. The fraction part is expressed with a granularity of 1 /2**32 second.


However this definition is ambiguous because it doesn’t tell if the SFN Initialisation time is according to GPS timescale or UTC timescale. Using GPS timescale or UTC timescale does not give the same result because additional leap seconds have to be accounted for if UTC timescale is being used. 

Even worse it can be deemed undefined since the GPS Epoch (Starting Time) is 1st January 1980 and UTC Epoch is 1961, therefore none was defined in 1900. 

This paper therefore proposes to correct this shortcoming.
2
Description 
As per our understanding, the SFN Initialization Time can be any time where SFN equals zero. What it means is that since SFN repeats periodically, several possible values fit well provided that they can be unambiguously interpreted by the receiver of the message.

However, to allow unambiguous interpretation, the timescale must be well determined in order to have the seconds unambiguously counted relative to this reference time. For example, UTC timescale includes leap seconds while GPS timescale does not. Also each timescale has an epoch (staring time) so the SFN Initialization time should therefore preferably be the Epoch of the chosen timescale or later.
Solution 1: choose UTC timescale

Both GPS and UTC timescale have an issue with current definition since the GPS Epoch is 1980 and the UTC Epoch is 1961 which are post the current definition of 1900.

UTC timescale have the additional complication of having to account for leap years of the Gregorian calendar. Every year that is exactly divisible by four is a leap year, except for years that are divisible by 100, except that the centurial years that are exactly divisible by 400 are still leap years. UTC timescale has the complication of having to account for leap seconds which must be looked up in a table because they are declared by a standards body. Also leap seconds have been introduced from year 1972 onwards which complicates further.
Solution 2: choose GPS Timescale

GPS timescale has the following advantages to be used:
· GPS timescale is easy to use because it has no leap seconds 

· changing reference time to GPS Epoch (start time) will allow definition in terms of GPS time instead of doing calculations involving leap years relative to an arbitrary reference time,

· using GPS Epoch will solve the issue of 1st January 1900 strictly speaking undefined,

Solution 3: choose GPS timescale + offset to keep a start in 1900 

On solution close to solution 2 proposed at RAN3#75 which looked attractive at first sight was to use GPS timescale for the advantages listed here-above at solution 2, while keeping the reference at 1st January 1900 as currently in TS36.455. 

This solution 3 could have appeared “backwards compatible” but it is not. One of the reason is that if we start at 1st January 1900, then 32 bits allow only for 136 years, which means that we have a roll over problem at 7th February 2036. This problem is well known and some update has been proposed in RFC 2030 using the bit 0 to extend to year 2104.

However refreing to RFC2030 would be backwards compatible with what is currently in TS36.455. So solution 3 is either non –backwards compatible, or not future-proof after 2036. 

So as a conclusion we make the following proposal:

Proposal: Select solution 2 and clarify that SFN Initialization Time is expressed as GPS timescale and change reference to GPS Epoch (start time) which is 00:00:00 on 6th January 1980. 

3
Conclusion and Proposals
This paper has shown that the current SFN Initialization time cannot be unambiguously interpreted which will lead to serious de-synchronization.

So we make the following proposal:

Proposal: Select solution 2 and clarify that SFN Initialization Time is expressed as GPS timescale and change reference to GPS Epoch (start time) which is 00:00:00 on 6th January 1980. 

The CR in tdoc R3-120756 has been prepared along the lines of this proposal.
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