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1
Introduction
In Tdoc GP-060785 [1] and Tdoc GP-060829 [2] different arguments for and against the two ways (Option A presented by Qualcomm and Option B presented by NOKIA) to implement A-GNSS in GERAN are presented. This discussion paper attempts to describe the consequences seen on a higher level than RRLP and also trying to describe the impact from the two options from an operator investment and manufacturer development cost point a view.
2
Option A and Option B

The two alternatives Option A and Option B are described in the figures below.
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Figure 1. Option A: Introduction of A-Galileo and Other Systems.
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Figure 2. Option B: Introduction of A-GNSS.
3
Comments
3.1
General

A general comment is that it is hard to look through the alternatives as the functionality differs between Option A and Option B. Many of the arguments for Option B are based on a functionality increase compared to the present A-GPS solution. It is easy to get the impression that Option B is the only way to implement this functionality in 3GPP.
3.2
Work Item

The Work Item Tdoc GP-042268 [3] state that A-Galileo shall be implemented in 3GPP. No other methods or improvements of methods are part of the Work Item. Therefore the CRs shall only include changes to the specs needed in order to implement Galileo.
3.3
Operator Investments and Manufacturers Development Cost

The intention is that the introduction of Galileo shall be identical in GERAN and UTRAN. The North American operators have decided to go for A-GPS as the E-911 solution in their 3G networks.

If Option B is chosen as the way to implement Galileo two possible scenarios can be foreseen.

Scenario A) The North American operators do not put any requirements that A-GPS shall be supported for E-911.
The A-GPS track will not be developed further by the manufacturers. The introduction of satellite supported location based services in the mobile networks will be delayed until A-GNSS terminals and systems are available. The investment in A-GPS terminals and systems made by the North American operators will be wasted. The field trials made by the operators to show compliance to FCC E-911 requirements has to be remade for A-GNSS A-GPS as it is a new way to create the GPS position.
Scenario B) The North American operators require that A-GPS shall be supported and developed in the future in parallel with A-GNSS.
This will put requirements on the mobile and network manufacturers to invest development money in both A‑GPS and A-GNSS GPS. This will not change the fact that satellite supported location based services in the mobile networks will be delayed until A-GNSS terminals and systems are available.

If Option A is chosen the implementation of Galileo and any other coming GNSS method will not affect the investments made by operators and manufacturers in the current implementation of A-GPS.
3.4
Sensitivity and Accuracy

There are no figures presented showing any gain in sensitivity and accuracy (dB and meters) for Option B compared to Option A.

As no figures are available it is impossible to evaluate if the gain for Option B overrides the costs to implement it.
3.5
Using both Galileo and GPS satellites

It will be possible to calculate a position based on both Galileo and GPS satellites independent if Option A or Option B is implemented.

3.6
Amount of data transferred over RRLP
In general the amount of Assistance Data sent from the SMLC to the MS via RRLP has to be minimised. This issue is three-fold. 

Firstly, the SMLC need to know the positioning methods that the MS supports. If the positioning methods supported by the mobile are not indicated via MS Classmark 3, Assistance Data for all methods that the SMLC supports must be sent to the MS. For Option B this would mean Assistance Data for both A-GPS and A-GNSS A-GPS, A-GNSS Galileo if the MS has indicated A-GPS and A-GNSS in the MS Classmark 3 IE. If Option A is chosen the SMLC will only send Assistance Data for A-GPS and A-Galileo. 

Observe that the SMLC functionality as it is standardised today already is such that it gives the SMLC the possibility not to duplicate information elements. This means that the SMLC for instance only will send Location Information once when Assistance data for two different methods is required.

Secondly, it is hard to understand that the number of bits sent down to the MS should be much smaller with Option B compared to Option A. In both cases the MS has to get information about each satellites orbit and timing information independent of the co-ordinate and timing system used on RRLP.

Thirdly, the system needs to know if the MS supports any new A-GNSS method or not. Assume that GLONASS will be implemented according to Option B in the future. If the SMLC supports GLONASS it needs to send Assistance Data for that method as well independent if the MS supports it or not if the MS only indicated A-GNSS in the MS Classmark 3 IE.
3.7
MS Classmark 3

As described above the system needs to know which methods the MS supports independently of if Option A or Option B being implemented since otherwise the amount of Assistance Data sent will be unnecessary big. Therefore, the positioning method needs to be included in the MS Classmark 3 IE in 3GPP TS 24.008. A problem here though is that the 5 bit field available for MS Positioning Data is full. This has to be solved independently of Option A or Option B.

If implementing A-GNSS according to Option A the Classmark list could look like this:

MS assisted E-OTD
MS based E-OTD
MS assisted GPS
MS based GPS
MS Conventional GPS
MS assisted Galileo (new)
MS based Galileo (new) 
MS concentional Galileo (new)
If implementing A-GNSS according to Option B the Classmark list could look like this:

MS assisted E-OTD
MS based E-OTD
MS assisted GPS
MS based GPS
MS Conventional GPS
MS assisted GNSS Galileo (new)
MS based GNSS Galileo (new) 
MS conventional GNSS Galileo (new)
MS assisted GNSS GPS (new)
MS based GNSS GPS (new) 
MS conventional GNSS GPS (new)
3.8
Positioning Data

The purpose of the Positioning Data IE sent in Perform Location Request message from the SMLC via BSS to MSC and further to GMLC is to inform the application using the Position Estimate about the credibility of the method used. As shown below are MS Based, MS Assisted and MS Conventional versions of each method included in the IE. The Positioning Data needs to be updated. One problem is that only 3 positions are left for GSM use, 01101 to 01111. A new IE has to be created if more positions are needed. 

The list of methods supported today in Positioning Data is as follows:
00000
Timing Advance
00001
Reserved (Note)
00010
Reserved (Note)
00011
Mobile Assisted E-OTD
00100
Mobile Based E-OTD
00101
Mobile Assisted GPS
00110
Mobile Based GPS
00111
Conventional GPS
01000
U-TDOA
01001
Reserved for UTRAN use only
01010
Reserved for UTRAN use only
01011
Reserved for UTRAN use only
01100
Cell ID
01101
to
reserved for GSM
01111
In order to be compatible all new positioning methods should be included in Positioning Data independent if they are MS or System based.

For Option A MS assisted Galileo, MS based Galileo and Conventional Galileo has to be added.
For Option B MS assisted GNSS Galileo, MS based GNSS Galileo, Conventional GNSS Galileo, MS assisted GNSS GPS, MS based GNSS GPS and Conventional GNSS GPS has to be added.

3.9
Request Assistance Data

The Request Assistance Data IE has to be updated in 3GPP TS 49.031.
For Option A Galileo Assistance Data has to be added. For Option B GNSS Galileo and GNSS GPS Assistance Data has to be added.

3.10
Multimode Navigation Model

What is the true gain with the multimode navigation model proposed in Option B?

The satellite receiver in the reference network connected to the SMLC and the satellite receiver implemented in the MS has to identify each satellite signal with its specific signalling independent how the information is carried over RRLP. The multi navigation model is then broken down to a generic way to carry the assistance data over RRLP.
3.11
Long-Term Orbits

It can be expected that in order to make the use of Long-Term Orbits the amount of assistance data has to be increased. The reason not using Long-Term Orbits today in A-GPS is that the resolution of the data field is to coarse. Using Long-Term Orbits today will actually result in worse accuracy. This is also the reason why A-GPS and Galileo native formats of navigation data will have different performance and update rates. The way Option B will balance the two methods is to use Long-Term Orbits. Exactly how is unknown as a detailed CR for Option B not is available but it can be assumed that the Long-Term Orbits will have higher accuracy compared to what today is implemented in A-GPS. As a result of this the amount of Assistance Data to be sent to the MS will increase. How much bigger and how much more seldom the assistance data can be sent is unknown as no figures are presented.
4
Summary
Independent of Option A or Option B the work item states that only Galileo shall be introduced. No improvement of A-GPS or adding of any other satellite based method shall be made under this work item.

Independent of Option A and Option B the new positioning methods supported by the MS have to be included in MS Classmark 3. The problem here is that the number of bits available is used. This will also affect other TSs within GERAN.

Independent of Option A and Option B the Positioning Data has to be updated with the new methods. The amount of positions will be sufficient for Option A. If both MS-Assisted and MS-Based versions of the methods shall be included there will not be enough amount of positions in the Positioning Data.

Independent of Option A and Option B the Request Assistance Data IE in the Perform Location Request message has to be updated. The impact will be less for Option A compared to Option B.

It is unclear how much less or more Assistance Data that will be sent with Option B compared to Option A. The main reason for this is that no detailed CR for implementing Option B is available at time of writing.
There are concerns about what will happen if Option B is chosen as the way forward for adding new satellite based positioning systems in GERAN and RAN. One scenario is that satellite supported location based services in the mobile networks will be delayed until A-GNSS terminals and systems according to Option B are available.

If Option B is implemented the operators field trials will have to be remade to show that A-GNSS GPS fulfil the FCC E-911 requirements.
Conclusion:
As no figures showing the gain with Option B compared to Option A regarding sensitivity and accuracy are available and that implementing Option B might delay the implementation of A-GPS location based services and that the investments made by North American operators in A-GPS are threatened the choice has to be Option A.
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