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“Expected” Multiframe Offset for E-OTD in RRLP 

1 Introduction

In E-OTD the “Expected OTD” concept was introduced in GERAN #5 with the approval of temporary documents GP-011431 – GP-011433.

The reason for the addition of expected OTD was that the rough RTD value was not usable for the MS, because the location of the MS influences the OTDs that the MS will see from different BTSs.

A very similar situation exists for the Multiframe Offset parameter. It is based on the real-time differences of the multiframes between the measured BTS and the reference BTS. However, what the MS really can use is the “Expected Multiframe Offset” (the Multiframe Offset as seen by the MS at its current location).

The good news is that this situation can be handled without making any changes to the current RRLP protocol. Some clarifications in the text will allow the MS to calculate the “Expected Multiframe Offset” (E_MFO) given the “Multiframe Offset” (MFO), the “Rough RTD” (RTD), and the “Expected OTD” (E_OTD).

2 Description of the Issue

Consider the following network example:
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Lets say that the following parameters are true:

Multiframe Offset: 5 frames

Rough RTD: 1230 bit periods

The SMLC would know the TA value (about 20 bits for 11km), so it can calculate the OTD observed by the MS according to the formula:

OTD = RTD + (TDM – TDR)

Where TDM is the propagation delay (measured in bit periods) from the Measured BTS to the MS and TDR is the propagation delay (measured in bit periods) from the Reference BTS to the MS.

TDM can be approximated by the distance between the reference and measured BTS (dMR) divided by the speed of light (measured in meters/bit period) with an uncertainty of +/- TA/2.

TDR can be approximated by TA/2.

Using these approximations in the formula above we get:

OTD = RTD + (dMR / c – TA/2) [with uncertainty of +/- TA/2].

Consequently, the expected OTD is given by


E_OTD = RTD + (dMR / c – TA/2).

In our example this gives us an Expected OTD of 1230 + 51 – 10 = 1281. The Expected OTD value is expressed modulo 1250, so 1281 generates the value 31. The uncertainty due to MS location is +/- 10 bits, so the actual OTD may be between 21 and 41 (note that “real” uncertainty may be even bigger due to other factors, for example the measurement inaccuracy in the original RTD values).

Because of the difference in distance to the reference BTS and the measured BTS, the Multiframe offset as seen by the MS (E_MFO) is actually 6 frames, not 5 as given by the MFO.

If the MS tries to use MFO value 5 in this case, it will measure on the wrong frame.

3 Possible Solution

As seen from the above example, the MFO value sent in the E-OTD assistance data may be off by one compared to the actual multiframe offset as seen by the MS (the E_MFO) in some cases.

However, the MS can detect these situations by utilizing the RTD and E_OTD values. If the RTD is close to 1250 and the E_OTD is close to 0, that means the E_MFO is one more than the MFO. If the RTD is close to 0 and the E_OTD is close to 1250, then the E_MFO is one less than the MFO.

Given some realistic limitations on maximum distances between the two BTSs and the MS (see later sections for more detail), another way of expressing this is:

E_MFO = (MFO + Adjustment) mod 51

Adjustment = 1 if RTD – E_OTD >= 850

Adjustment = -1 if RTD – E_OTD <= -850

Adjustment = 0 if –400 =< RTD – E_OTD =< 400

4 Generalisation of the Problem

Above, the Reference BTS is assumed to be also the serving BTS for the targeted MS. However, this may not always be true. In the case where the Reference BTS is not the serving BTS for the targeted MS, as demonstrated below, a modification is needed. The analysis is presented below.
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In this case, the OTD is calculated as follows (using 1 bit period time granularity):


OTD = (RTD + (T2 – T1)) mod 1250,


T1 = d1 /c 


T2 = d2 /c.

Since
d1/c= dSR/c [with uncertainty of +/- TA/2]


d2/c= dSM/c [with uncertainty of +/- TA/2],

it is found that


OTD = (RTD + (dSM – dSR)/c [with uncertainty of +/- TA]) mod 1250

and


expected OTD = E_OTD = (RTD + (dSM – dSR)/c) mod 1250.

Define


G = (dSM – dSR)/c


G’ = (d2 – d1)/c = (dSM – dSR)/c [with uncertainty of +/- TA].

Denote the minimum and maximum of G for all possible arrangements of Serving, Reference and Measured BTSs that are allowed to be used (more on this later) by Gmin and Gmax, Then, we have 


E_OTD = (RTD + G) mod 1250,


OTD = (RTD + G’) mod 1250


Gmin = (dSM_min – dSR_max)/c = (0 - dSR_max)/c = - dSR_max /c


Gmax = (dSM_max – dSR_min)/c = (dSM_max - 0)/c = dSM_max /c

The dSR_max value represents the maximum allowed distance between the serving and reference BTS. The dSM_max value represents the maximum allowed distance between the serving and measured BTS.

Obviously the following holds


Gmin <= G <= Gmax.

Lets derive the ranges, which RTD minus E_OTD must meet for various frame adjustments.

An adjustment of 1 implies that E_OTD = RTD + G –1250. That is, RTD – E_OTD = 1250-G, which implies 1250 - Gmin >= RTD – E_OTD >=1250 - Gmax , or simply RTD – E_OTD >=1250 - Gmax since 1250 - Gmin >= RTD – E_OTD is always true (because Gmin <= 0 is always true). 

Similarly, the ranges for adjustment equal to 0 and –1 can be derived. In general, the ranges are given by


If Adjustment = 1 then RTD – E_OTD >=1250 - Gmax

If Adjustment = 0 then  - Gmin >= RTD – E_OTD >= - Gmax

If Adjustment = -1 then  -1250 - Gmin >= RTD – E_OTD.

As long as the three ranges above do not overlap, there is one-to-one correspondence between the adjustment and the range. The condition for non-overlapping is 


Gmax - Gmin < 1250

Which gives


(dSM_max + dSR_max)/c < 1250

This is true when 


dSM_max + dSR_max < 1375 km.

That is, given that Gmax - Gmin < 1250, we have


Adjustment = 1 if RTD – E_OTD >=1250 - Gmax

Adjustment = 0 if  - Gmin >= RTD – E_OTD >= - Gmax

Adjustment = -1 if  -1250 - Gmin >= RTD – E_OTD.

For instance, if Gmin = -300 and Gmax = 300 are always true, then


Adjustment = 1 if RTD – E_OTD >= 950


Adjustment = 0 if 300 >= RTD – E_OTD >= -300


Adjustment = -1 if  - 950 >= RTD – E_OTD.

In addition, any value of RTD – E_OTD beyond the three ranges implies an error.

5 Proposed Solution

The proposal is to assume a limit for the maximum allowed values of dSM_max and dSR_max. This will then generate the values of Gmax and Gmin, which can be inserted into the formula above to yield a proposed change in 04.31/44.031.

If we assume that dSM_max and dSR_max can never be above 443 km, which still allows you to use very distant BTSs for E-OTD. Considering that the max radius of a normal (i.e., not extended range) cell is 35 km, it seems like a pretty safe upper limit. That value generates Gmin = -400 and Gmax = 400 and:


Adjustment = 1 if RTD – E_OTD >= 850


Adjustment = 0 if 400 >= RTD – E_OTD >= -400


Adjustment = -1 if  - 850 >= RTD – E_OTD.

Any other values of RTD – E_OTD implies an error.

6 Summary of Changes Needed

3GPP TS 04.31/44.031: Add text to clarify how the Expected Multiframe Offset is generated for each place in Annex A where the Multiframe Offset is described.

7 Recommendation

Siemens and Ericsson recommend that GERAN adopt the handling described in section “Summary of Changes Needed”.
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