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1
Introduction

In a status report GP-061916 of work item GP-042677 “Toward A-GNSS concept”, presented in GERAN #31,  a set of criteria was proposed to select a way forward with this work item. In this document a comparison between option A and option B rev1, as defined in GP-061916, is presented for backward compatibility and bit efficiency. 

2
Discussion

2.1
Backward Compatibility

With backward compatibility the main concern has been that there may be two different ways of transmitting A-GPS assistance data. In revision 1 of option B, this issue has been clarified so that this potential ambiguity does not exist anymore. Hence, in case of A-GPS, these two options A and B rev1 function similarly and offer equal compatibility towards earlier releases.

2.2
Bit Efficiency

In this section a comparison of bit consumption in the air interface is presented. It is shown that the generic approach adopted in option B rev1 enables more efficient way to tranfer data than relying on native satellite data format as in option A. One should also note that this bit efficiency is achieved with very straight-forward and lossless operations as explained in Appendix A.

In the first figure, the number of bits needed to transfer the basic Galileo assistance is shown. The information elements included are navigation model, ionospheric model, reference time and reference location.

From the figure it is clear that option A consumes more bits to transfer the same information. For example, with eight satellites the difference is about 150 bits.


[image: image1]
In Figure 2, the bit count for almanac data is presented. The difference in bit efficiency is very clear, the number of bits needed to carry almanac data for 30 Galileo satellites with option B rev1 is sufficient for only 20 satellites with option A.

[image: image2.emf]Figure 2: Galileo Almanac Data
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3
Conclusions

In this document it has been shown that the backward compatibility is on the same level with both option A and option B rev1. Further, it is shown that option B rev1 is clearly more bit efficient than option A.
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Appendix A

ORBIT PARAMETERS

This refers to the “Keplerian parameter” -mode of the multimode navigation model which is used for Galileo.

ESA document (http://ilrs.gsfc.nasa.gov/docs/ESA-EUING-TN-10206_Issue_3.0.pdf#search=%22galileo%20esa%20eccentricity%20%22semi-major%20axis%22%22) specifies the Galileo SV orbits as follows: eccentricity 0.002 and semi-major axis 29601000 m.

Eccentricity
Currently the eccentricity is described using 32 bits and the scale factor of 2-33. This can be divided into MSB and LSB by the following scheme:

MSB is 7 bits with the scale of 2-8. The range is then [0, 0.49609375].

LSB is 25 bits with the scale of 2-33. The range is then [0, 0.0039].

Combining these yields the original range ([0, 0.49999]) and resolution.

Semi-major axis

The semi-major is expressed with 32 bits (unsigned) using the scale factor of 2-19 m½. As the semi-major axis is 29 601 000 m, the resolution is in the order of 0.021 m. The semi-major axis varies about 65 km around the nominal (from the GPS L5 specification). Hence, the square-root of the semi-major axis is in the range [5434.7, 5446.7].

Bit savings may be achived by dividing the semi-major axis in two parts:

MSB is 6 bits with the scale of 27 m. The range is [0, 8064.00000] m½.

LSB is 26 bits with the scale of 2-19 m. The range is [0, 127.999998092651] m½.

This assumes that the semi-major axis varies approximately 65 km (
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) around the nominal (this is taken from the GPS L5 specification). 

Note that 
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 and, hence, there are 6 common MSBs with MSB=1010102 =4210*27=537610
TIME

Currently the systems use bits in the following manner. 

	System
	#bits in toe/toc
	Scale of toe/toc

	GPS L5
	11/11
	300s/300s

	Galileo
	14/14
	60s/60s

	QZSS*
	11/11
	300s/300s

	GLONASS**
	7+2
	30min/45min/60min

	SBAS***
	13
	16 s


* = Will follow L1C. Data source is the L1C draft IS-GPS-800 (April 2006). Note that the L1C and L5 are similar with respect to navigation (orbit and SV clock) model.Therefore, L1C, L5 and QZSS shall eventually be described by the same mode in the multimode navigation model.

** = GLONASS toe/toc is expressed by a number of blocks from the beginning of the day. The number of blocks is expressed by a 7-bit number. The 2-bit number expresses the length of the block (either 30, 45 or 60 min). The toe/toc is taken to the middle of the block. The fields are used for toe and toc simultaneously, so only 7+2 bits are needed

*** = The same figure used for toe and toc (WAAS). Note that the count begins from the GPS day change.

As an example, consider a situation with a single Galileo satellite and toe and toc of 400 000 s and 401 800 s, respectively. In the native case, 28 bits are needed to represent this data. However, an alternative method would be to express the toe and toc as “400 000 + 000 000” and “400 000 + 001 800”, respectively. Therefore, toe and toc have now the common part “400 000” and the delta-parts “000 000” and “001 800”. The common part is the same for all the SVs and the delta-part is SV-specific. 

Common part

Common part described with 5 bits and the scale factor of 6 h (range 0-186 h). This allows for representing the whole week in 6-hour blocks.

Delta-part

	Mode
	Bits
	Scale factor
	Range
	Saving

	GPS L5
	7
	300 s
	38100 s = 10.6 h
	2*11*k-(5+2*7*k)=8*k-5 bits

	Galileo
	9
	60 s
	30660 s = 8.5 h
	2*14*k-(5+2*9*k)=10*k-5 bits

	QZSS
	7
	300 s
	38100 s = 10.6 h
	2*11*k-(5+2*7*k)=8*k-5 bits

	GLONASS / SBAS *
	9/13
	15min/16s
	86400 s = 1d
	None


* No common part, since counts begin from the day change. The number of LSBs will be a function of the GNSS ID. GLONASS uses 7+2 bits natively (7 bits for block count tb and 2-bit field P1 for defining the block length). SBAS uses 13 bits natively with the scale factor of 24. These chararacteristics are maintained in the multimode navigation model.

ALMANAC DATA

For almanac data, the common elements (Week, Toa, IODa) for all satellites are gathered to common part of the information element. This operation removes the unnecessary redundancy without any losses.

Also, the satellite indexing is based on a SV index mask rather than including individual SV index parameters for each almanac element.
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