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1. Summary

Aims

To standardise an OTDOA-IPDL implementation that can be readily employed, and offers greater opportunities for good location solutions than previous IPDL suggestions.

To provide a clear, backwards compatible, migration path from IPDL to TA-IPDL – an implementation, specified in [1], which is demonstrated to provide significant benefit.

Previous submissions

In [1] a proposal was made to modify IPDL in two ways:

· Alteration of the signal transmitted during the Idle Period,

· Time Alignment of Idle Periods from different Node Bs.

It was proposed that during Idle Periods, the Node Bs should, rather than attenuating their entire downlink signal, transmit solely the CPICH.

The “time alignment”, it was suggested, would not be achieved through “Node B Synchronisation”, but instead idle periods should be inserted at a position signalled to the Node B. This alignment accuracy need only be coarse – half a CPICH symbol ((33.3(s) was proposed. 

In [2] the results of detailed performance simulations that investigated the position accuracy of various OTDOA based position algorithms were presented. The algorithms investigated were as follows

· IPDL integrating over a single idle period (ipdl 1),

· IPDL integrating over 10 idle periods (ipdl 10),

· Time-aligned IPDL as per the proposal [1] integrating over a single idle period (taipdl 1),

· Time-aligned IPDL as per the proposal [1] integrating over 10 idle periods (taipdl 10),

· An enhanced version of Time-aligned IPDL in which the terminal incorporates a CPICH signal cancellation algorithm and integrates over a single idle period (sipdl),

· IPDL in which the downlink attenuation is increased from 35dB to 45dB, with integration over a single idle period (p-ipdl 1),

· OTDOA without any idle periods (otdoa).

This submission

In this paper:

· The benefit of time aligning the idle periods is stressed, while also attempting to clarify how it might be implemented.

· It is suggested that CPICH transmission during the idle period should be adopted and that the idle periods should only be time aligned once the correct time offset is determined. This allows for the possibility of networks not knowing the offsets of all the Node Bs.

· It is highlighted how TA-IPDL should, for expected implementations, be less complex than IPDL for most aspects of the UE and the network. 

· It is argued that, given the notable benefit from implementing TA‑IPDL without signal cancellation, such cancellation need not become part of the standard. This leaves the implementer the option of introducing cancellation if further benefit is desired. This option, of course, would not be available were time-aligned IPDL + CPICH not adopted.

· It is highlighted how the performance requirements for IPDL (Section 9.1.8.2 of [3]) are just as applicable to TA-IPDL, and it is recommended that no change need be made to accommodate this small addition to the IPDL specification.

2. Position results

In [2] a large set of simulation results was presented. 

The key features from these results are listed below:

· For heavily loaded networks there is little difference between TA-IPDL and conventional IPDL. In lightly loaded networks TA-IPDL’s performance falls short of IPDL’s.

· TA-IPDL yields worse positioning results when the UE is near the transmitter (see figures 60 to 66 of [2]). This however is where CellID calculations perform the best. This explains why there is significant improvement in the TA-IPDL results when they are combined with CellID. It is suggested that any OTDOA positioning system will have CellID or better as fall back, and that it is fair to consider the combined results in assessing the benefit of TA-IPDL.

· The accuracy provided by the “sipdl” method (i.e. with cancellation) is clearly the best. Given that this was obtained by integrating over only one idle period (whereas some of the others integrated over 10), it should be clear also that the results of “sipdl” are not the limit of what is achievable.

One reason for the improved accuracy is the differences in the number of cells that can be heard (See the appendix for the theoretical basis of this claim).

Figures 1,2 and 3 are plots showing how the number of cells heard by each algorithm varies as a function of the network load.
 

Note that:

· The “otdoa” and “ipdl” results get progressively worse as the load increases, while the “taipdl” and “s-ipdl” results are unaffected.

· The “taipdl” results have more position calculations with fewer than 3 cells heard than the IPDL results. As discussed above, this occurs when the UE is near a transmitter.

· The “taipdl” results have more position calculations with large number of cells heard than the “ipdl” results (particular with a heavily loaded network).

· The “sipdl” results have position calculations with by far the most number of cells heard.
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Figures 1, 2 and 3 – Cell count plots as a function of network load

3. CPICH transmission

It was proposed in [1] that IPDL be modified such that, during “Idle periods”, the Node Bs should, rather than attenuating their entire downlink signal, transmit solely the CPICH.

Advantages

Even without time alignment, scheduling in the UE is easier with CPICH transmission during idle periods: all the measurements can occur in the one capture. In IPDL, at least one extra idle period measurement is required to obtain the time offsets of the serving cell and its co-located cells.

There is no risk of the CPICH being interrupted by an idle period (something that would add further complexity to UE processing).

There may be no need for real time power control of the downlink transmitter. 

In IPDL, care has to be taken to ensure that idle periods are not aligned. With CPICH being transmitted during the idle period, this is no longer the case. It is arguable that having to not time align idle periods is as hard as having to coarsely align them. There is certainly no requirement with TA-IPDL for a pseudo-random timing pattern to be introduced into the idle periods.

Lower impact on Radio Resource measurements (RRC) in the network: signal strength measurements, BERs and BLERs are all adversely affected by pseudo-randomly introducing idle periods.

4. Time alignment

It was proposed in [1] that Node B idle periods should be coarsely aligned.

Advantages

UE measurements are made on a signal comprised solely of CPICHs. I.e. the time alignment removes the top 10dB of signal (that is of no use for CPICH correlation) from every Node B. This allows, in general, more sites to be heard by the UE.

The resulting positioning accuracy is independent of network load. This makes any performance testing far more reliable and reproducible.

Time alignment allows greater flexibility of positioning system implementation. As the full signal is known, cancellation algorithms could be implemented in the UE; this is known to significantly improve performance – see [2]. Cancellation could be combined with integration over multiple idle periods to provide even greater improvement. 

The UE implementation would be backwards compatible with an IPDL network, or even a partially time aligned network (one where all Node Bs transmit CPICH in their idle period, but some have not yet been time aligned). The algorithm in all three cases would be to capture the signal in the idle period of the strongest signal, and correlate with the CPICHs. (As stated above, IPDL will require at least one extra capture to obtain the time offset of the strongest signal.)

Legacy, “IPDL based” UEs are expected to require no adjustment to work in the network. They would make unnecessarily extra captures as described above, but this would not affect accuracy.

Implementation

The synchronisation of Node Bs is not something that would be right to mandate as part of the standards. It is envisaged that the requirement for a global time reference would be impractical in most networks, and close to impossible for indoor and micro base stations.

In [1] it was highlighted that the proposed time alignment would not be a strict “synchronisation”. Instead it was suggested that the “alignment accuracy of Idle Periods need only be coarse”, and half a CPICH symbol ((33.3(s) was proposed.

A number of mechanisms were suggested for determining the “time alignment offsets”; all of which centred on the following fact: any network implementing an OTDOA positioning system will need to determine the time offsets of the Node Bs, so they would already be known.

It is accepted that not all networks will choose to implement OTDOA positioning, and also that even if they did, they will not necessarily know the offsets of all the Node Bs in the network. Consequently, it is suggested that the time alignment need only be performed where the time offsets are known. 

Messaging changes

Messaging changes involve only the addition of an “IP alignment offset” in the IPDL FDD Parameters. This facilitates the provision of the required alignment information to the Node Bs.

Further Simulation Results

By way of an example, further simulations were performed in which CPICH was transmitted during the idle period, but with no time alignment of the idle periods. Position accuracies were not available in time for this paper’s presentation so instead cell counts have been plotted (see the appendix for the theoretical basis for the correlation between cell count and accuracy).

Figure 4 shows how the number of cells heard is increased by the alignment.
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Figure 4
5. Signal cancellation

It is not proposed that cancellation should be standardized but it seems fair to point out that the OTDOA accuracies demonstrated by the “sipdl” method in [2] are impossible to achieve without a time-aligned IPDL system.

In this submission it has been suggested that CPICH transmission during the idle periods provides significant advantages, even with only partial, or no time alignment of the idle periods:

· When time alignment is available, cancellation provides the significant accuracy improvement that was demonstrated in [2]
· When time alignment is not available, it should be clear that a single cancellation of the idle period CPICH would provide accuracy as good as that of straight IPDL.

6. Pe
Section 9.1.8.2 of [3] requires that, for making SFN-SFN observed time differences (type 2), we have:
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 MACROBUTTON MTPlaceRef \* MERGEFORMAT (1.1)

Where:

· 
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 is
“The total received power density, including signal and interference, as measured at the UE antenna connector.”
· 
[image: image7.wmf]ˆ

or
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 is
“The received power spectral density (integrated in a bandwidth of (1+α) times the chip rate and normalized to the chip rate) of the downlink signal as measured at the UE antenna connector.”
· 
[image: image8.wmf]_
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or

CPICHE

I

 is
“The ratio of the transmit energy per PN chip of the CPICH to the total transmit power spectral density at the Node B antenna connector”
In a network implementing TA-IPDL, we would expect the inequality represented in equation [2](1.1)

 to be true for more Node Bs than in a network implementing IPDL. This arises from the 10dB decrease in total power transmitted by each Node B during the idle periods. This claim is confirmed by the simulation results presented in  GOTOBUTTON ZEqnNum838689  \* MERGEFORMAT  and Section 2 of this document.

It is maintained that no change is required to this specification because TA-IPDL is only a minor change to the original IPDL specification; and the requirements are just as applicable to both methods.
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8. Appendix – Cell counts and HDOP

This appendix demonstrates the theoretical correlation between the number of cells heard by a UE, and the HDOP of the OTDOA calculation made using those cells. The expected accuracy of the OTDOA calculation is of course proportional to the theoretical HDOP.

100000 HDOP calculations were performed with varying numbers of Node Bs; where each Node B’s position was randomly generated from a normal distribution centred on the UE’s position.

The 50th, 67th and 95th percentile HDOPs are plotted, as a function of number of cells heard, in Figure 5. Note, for example, how the theoretical 95% error is halved by increasing the number of cells heard from 8 to 16.
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Figure 5
� The data for these graphs were constructed by combining equal number of position requests from the simulations � REF R1_040209 \h ��[2]� of each combination of environment and idle period length.
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