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Interpretation of “code phase” for A-GPS

Introduction 

This discussion paper will try to explain the issue with different interpretations with regards to definition and interpretation of code phase. The consequence of different interpretations will be huge errors (in the order of 100 km) in the location calculation. Ericsson strongly believes that this needs to be clarified in the RRLP specification [4] to limit/remove the interoperability problems experienced.

Short GPS background 

The GPS satellites (SVs) transmit CDMA signals that include a C/A code that is unique for each SV. The C/A code has a length of 1023 chips and a chip duration of 1/1.023x106 s. The C/A code repeats itself every 1 ms. Superimposed on the C/A code is a navigation data bit stream with a bit period of 20 ms. The SVs carry precise atomic clocks to maintain clock stability. The SV transmissions are however not perfectly synchronized to GPS system time, instead a set of clock correction parameters is transmitted as part of the navigation message to provide an accurate relation to GPS system time (see [1], pp 88-90 for details). GPS system time itself is defined as an ensemble average based on a set of ground station clocks and a subset of SV clocks. The relation between the SV clocks and GPS system time is depicted in Figure 1. At some reference point on the earth surface, the delayed SV clocks can be observed as shown in the bottom of Figure 1. The delay depends on the range from SV to the reference point in question and is typically 60-85 ms. 
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Figure 1. Timing diagram for GPS. 

The code phase issue

In MS assisted AGPS the time relations in Figure 1 are important for two IEs: 

1. GPS Aquisition Assistance: The MS is provided with a prediction of the SV clocks at an approximate MS location. This information is provided in the fields Code Phase, Integer Code Phase and GPS bit number, see [4], pp 59-61. 

2. GPS measurement information. The MS measures the SV clocks and reports the “code phase measurements" using the fields Whole Chips and Fractional Chips, see [4], pp 48-49. 

The problem is that these “code phase” fields are nowhere precisely defined in the 3GPP specs, which has resulted in that a number of different interpretations have been made by various vendors, with resulting interoperability problems.  Other sources like [1] and [3] do however define code phase. 
In [1], page 88, the term "code phase time" refers to the satellite (SV) clock time. More precisely it talks about "tsv" being the time received from the SV, where tsv is the "effective SV PRN code phase time at message transmission time and is easily determined by the GPS receiver. 

3GPP2 provides two possible code phase interpretations. From [3] we have that:

Interpretation 1:“Code Phase. At a given time, the code phase is the fraction of the code period that has

elapsed since the latest code boundary (GPS or CDMA). 27“ 

Interpretation 2: “SV_CODE_PH_WH - Satellite code phase - whole chips.

The mobile station shall set this field to the measured 29
satellite code phase, in units of 1 GPS chip, in the 30

range from 0 to 1022 chips, where increasing binary 31

values of the field signify increasing measured 32

pseudoranges”

These two interpretations are in fact contradictory. Interpretation 1 says that code phase increases with time (although with a very short 1 ms cycle) and this interpretation is in line with [1]. Interpretation 2 says that code phase increases with pseudorange. Pseudorange is  (see e.g. [2] pp 123-125 , pp 470-472)

c = tu-tsv







         (1)

where  is the pseudorange, tu is the user clock at the time of reception and tsv is the (biased) satellite clock time (ie code phase time) as seen by the user at that same time. The scaling factor c is the speed of light. The measured pseudorange differs from true range with a number of additive perturbing factors, including user clock bias, satellite clock bias, atmospheric delays, receiver noise and multipath. Interpretation 2 states that code phase should increase with increasing pseudoranges, however from (1) we note that the opposite is true. This is most easy to envision by imagining two users at two different locations but with synchronized clocks, making ideal (i e noise and multipath-free, no atmospheric delays) code phase measurements at the same time tu. In view of (1), the user with largest range (and hence largest pseudorange) measures the smallest code phase time tsv. Hence code phase does not increase with pseudorange if we follow interpretation 1. 

When measured code phases and pseudoranges are expressed modulo 1ms, they are related in a very simple fashion. Assume that tu in (1) is an integer number of milliseconds, then  

c mod 1 ms  = (tu-tsv) mod 1ms = -tsv mod 1 ms = 1 ms-(tsv mod 1 ms)

         (2)

Expressing this in chip units (1 ms = 1023 chips), we may say that 

"Pseudorange  = 1023 – code phase"




         (3)

Figure 2 illustrates the two different ways the field “Whole chips” could be interpreted 
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Figure 2. Two possible interpretations of Whole Chips field. 
Consequences  

In a system including an SMLC that uses the code phase interpretation 1, and an MS that uses the pseudorange interpretation 2, the resulting positioning errors are in the order of 100km's. 
Acquisition assistance example

The previous discussion mainly treated the GPS measurement information fields (whole chips and fractional chips). The following example lists the issues we have identified so far regarding the fields code phase, integer code phase and GPS bit number that are part of the Acquisition Assistance IE. The 3GPP2 standard [3] includes some definitions of the corresponding IS95 fields.

Definition 3. Code Phase. At a given time, the code phase is the fraction of the code period that has elapsed since the latest code boundary (GPS or CDMA). (... where increasing binary values of the field signify increasing predicted pseudoranges.)





Definition 4. SV_CODE_PH_INT. The integer number of code periods that have elapsed since the latest GPS bit boundary.









Definition 5. GPS_BIT_NUM. The two least significant bits of the bit number (within the GPS frame)  being currently transmitted.
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Figure 3. Timing diagram to illustrate calculation of code phase, integer code phase and GPS bit number

Unfortunately the situation is even worse here; three possible interpretations have come to our attention. 

Interpretation 3 

The first half of Definition 3, and Definitions 4-5 lead us to the conclusion that the desired quantity is the predicted SV clock, say tsv1, at a time t, as illustrated in Figure 3. This calculation takes the propagation delay from SV#1 to MS into account and also the SV#1 clock bias tsv1. (tsv1 = t +tsv1 -). In the example of Figure 3, at time t = 240 ms



tsv1 ~ 170+650/1023 ms 






        (4)

Split this into three parts.

Code phase = floor(1023*mod(tsv1,1)) = 650 chips



         (5)

Integer code phase = mod(170,20) = 10 



     
         (6)

GPS Bit Number = mod(floor(170/20) ,4) = 0 



         (7)

Interpretation 4 

Pseudorange interpretation. The second half of Definition 3 supports this view. Perform the same prediction of tsv1 as above but then calculate


t-tsv1 = 240-(170+650/1023) = 69+373/1023 ms   (ie the expected "pseudorange"/c)                    (8)

Then split this into three parts:


Code phase = floor(1023*mod(69+373/1023,1)) = 373 chips



         (9)

Integer code phase = mod(69,20) = 9





       (10)

GPS Bit Number = mod(floor(69/20),4) = 3





       (11)

Note that here Integer code phase and GPS bit number has nothing to do with what is currently being received from the satellite, it is just names for the higher order bits of the expected pseudorange... 

Interpretation 5 

This is a hybrid definition. Use the pseudorange interpretation (8) for code phase since Definition 3 mentions the keyword pseudorange, but use (6) and (7) for integer code phase and GPS bit number since they match the Definitions 4 and 5. This is how we believe IS95 define these fields. 
Recommendation

Ericsson's current view is that the code phase interpretations (ie interpretations 1 and 3 above) should be used but with additional clarification provided in the text. A change to "pseudorange" would be especially awkward for the GPS Acquisition Assistance Element where the predicted SV code phase time is divided into three parts, (code phase, integer code phase and GPS bit number). A change to "pseudorange"  would mean that integer code phase and GPS bit number remain unchanged, but the code phase part has to undergo an "1023-code phase" transformation. This is the same as having a clock where the hour and minute hands rotate clockwise but where the second hand rotates counterclockwise. However we are open to the other alternatives if strong reasons are presented to motivate that. 
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Code phase interpretation according to Ericsson
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