3GPP TSG-GERAN2 Meeting #35bis
G2-070311
Sophia Antipolis, France, 8th – 10th October 2007
Source: 


Telefon AB LM Ericsson
Title:


Comments on Current Extended Ephemeris Solution
Document for:
Discussion
Agenda Item:


5.2.9
1 Introduction
Ephemeris in current satellite based navigation system is of great importance. As a new feature in positioning, long term ephemeris can decrease the update rate of ephemeris in case of MS-based positioning and could be helpful when there is no mobile network coverage.
In previous meetings, much attention had been attracted by the comparison between two approaches[1,2] on long term ephemeris. As one of the two solutions, Extended Ephemeris[2] seems to be better[3]. However, more issues can be found when we go deeper into the principle and implementation.

2 Continuity of Satellite Orbits
Perturbation of orbits is critical for orbit prediction. It caused by many effects e.g. the non-central gravity field of the earth, the gravitational attraction of sun and moon, and solar radiation pressure, etc. If majority of the main effects can be considered and modelled, then orbit prediction is possible. However, from the satellite maintenance and operation point of view, some intended satellite position changes are also needed to maintain satellite attitude and orbit shape. Take GPS satellites for examples, during Jan 1st 2006 to Dec 31st 2006, totally 35 abrupt position changes occurred. Based on broadcasted ephemeris, Fig.1 illustrates these phenomenon’s in terms of orbit radius.  In Fig.2, only the radial variations greater than 500m are shown. Obviously, these great changes in radii will impact the observed pseudoranges greatly if without any alert in time. 
For 7-days Extended Ephemeris, according to Fig 2, if the requests from MS are evenly distributed in time domain, then probability of the Extended Ephemeris “encountering” such abrupt change is about 41.6%. This means Extended Ephemeris is not very reliable and there will be many “unlucky” users. For native ephemeris, position adjustment of satellite could be transparent. Because the corresponding satellites could be claimed as “outage” or “unstable”, and resume their normal status after position adjustment done. 
For GANSS Extended Ephemeris, it would be good if the consideration or solution regarding the orbit radius variation can be elaborated, because the impact as above seems not negligible.
Moreover, since the focus of current phase is Galileo, it is better to make sure if the same problem will happen to Galileo or not.
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Fig.1 Overview of all GPS satellite orbit radii in Year2006 (2 different vertical scales)
Fig.2  Abrupt changes of GPS orbit radii in Year2006 (2 different vertical scales)
3 Data Delivery

3.1 Number of Bits

According to current Extended Ephemeris parameter definition[4], bit number needed for delivering a whole Extended Ephemeris is:
Num_Bit  = (3)+(32+Num_SV*10)+(5)+(202+170)+(Num_delta-1)*202
where:

Num_SV is the number of satellites,

Num_day is the lifecycle of Extended Ephemeris(in unit of day), 

Delta_life is the life cycle of delta ephemeris(in unit of hour). 
Num_delta= Num_SV*Num_day*24/Delta_life,
 is the number of delta-ephemeris in one whole Extended Ephemeris packet. 

Hence, for:

Num_SV = 31, Num_day=7, Delta_life=6, there will be Num_Bit = 175856  i.e. 21982 Bytes

This payload is huge compare to other assistance data elements, about 32 times greater than the sum of all kinds of legacy assistance data. 
Note that the “Ephemeris Exception Table” has not been considered, so this bit number result is a conservative one.
3.2 Delivery Time
The capacity of signalling channel is very limited compare with the size of current Extended Ephemeris. When MS request for long term ephemeris, normally SDCCH will be used when MS in idle mode. The corresponding data rate for SDCCH is roughly 782bps. So, to deliver a whole long term ephemeris, at least 175856/782= 224.9 seconds i.e. 3.75 minutes are needed. However, sometimes the positioning session is lower prioritized compare to other events e.g. handovers, so possibly this will make the delivery process even longer in time. 
Note that SDCCH/4 and SDCCH/8 are also popular in cell planning, and their data rate are 4 or 8 times lower than SDCCH. Therefore the time needed for delivery will be 4 or 8 times longer. Also note that extra expense for transmission(e.g. header bits) has not been considered yet. 
If traffic channel can be used for delivery, then the time could be greatly compressed due to the much higher data rate. Even if consider a conservative GPRS data rate of 20~30kbps, only 6~8 seconds needed. 

3.3 Suggestion

To deliver long term ephemeris over control channel is very time consuming, so it should not be requested/sent by MS/NW just before positioning attempts. The use case could be MS originate a request for long term ephemeris in its free time. 
However, even if user can endure data delivery time of several minutes, these large amount of bits will take 32 times more signalling channel resources than legacy assistance data do, could be a challenge to the current control channel capacity planning of access network. For example, if the majority of user get extended ephemeris with a granularity of one day, most likely they will try to update the new extended ephemeris when the old one expires(or almost). So there will be heavy traffic in some certain time windows since each delivery will take a few minutes.
Fortunately, long term ephemeris is not time critical, and only need to be updated once every several days. Considering the user experience and the limitation of signalling channel, the feature of long term ephemeris is suggested to be limited to only use transport on packet traffic channels or to be limited to time periods when the BSC can indicate that sufficient control channel resources are available. 
4 Comments on Implementation
Beside the concerns above, there are a few more implementation level comments regarding [4].
4.4 Quality of the Extended Ephemeris
In previous meetings, accuracy of the two approached has been proposed by [3]. But that comparison was focused on the precision and bit number of parameter delivery, not the performance of orbit prediction.

Since the long term ephemeris is not native information and could be derived by different vendors independently, will there be any risk or accuracy degradation if an MS fully rely on this predicted ephemeris? Is there any way to quantify the quality of current Extended Ephemeris package (e.g. the maximum error or RMS error, the probability of the orbit error overrun the anticipation)?
4.5 Parameter in Ephemeris Extension

numEphemerisDeltas is 5 bits, is this bit width ok ? Seems the practical number of delta ephemeris will be much greater than 31.
4.6 Parameters in Delta-Ephemeris
A few equations are defined in [4] for Ephemeris reconstruction:
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i0 (i+1) = i0(i)_+ Idot(i) * dt

af0(i+1) = af0(i) + af1(i)* dt + af2*dt2

af1(i+1) = af1(i) + 2 * af2(i) * dt

af2(i+1) = af2(i)
(1) It would be better if what are
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(2) Are the equations above designed for i>1? 

(3) How to use equation ” i0 (i+1) = i0(i)_+ Idot(i) * dt” to deliver the delta parameter?

(4) What is “dt2”? Should it be “dt square”?

4.7 Clock Model Corrections 
In [4], delta_tgd1 and delta_tgd2 seems to be the corrections to parameter tgd in clock model, instead of the correction to the whole model. So this should be clarified. And the description on Clock model ID should also be revised.

4.8 Satellite Mask Definition
According to the definition of ganssSatRef in [4], 32 bits were used for satListMask. Why 32 bits? It seems this is not consistent with Galileo ICD. 
5 Summary
Regarding the delivery of Long Term Ephemeris information, Extended Ephemeris has been selected as the way forward. However, some problems on current Extended Ephemeris solution can be found as above. It is suggested to ensure a workable solution before release it.
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