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1
Summary

This paper discusses the implementation margin for the BS, and in particular the impact of the multipath searching process. Obviously, individual vendors will use proprietary searching techniques; this paper analyses the effects of an idealised coherent searcher and an idealised non-coherent searcher. It is reasonable to assume that vendor equipment will have search performances that lie between these two extreme cases. 

One aim of this document is to precipitate discussion on the level of loss that the searcher will introduce so that an acceptable value can be agreed. It is noted that the normative channel tests in [1] lead to paths with quite low DPCCH energies, and the performance of the searcher when faced with such multipath impulse responses may dominate the sensitivity performance of the BS. In addition, the birth-death propagation path test in [1] implies a range of searcher dwell-times. These will dictate the searcher performance.

2 Components of Implementation margin

In a recent Tdoc [3], Motorola have listed the likely mechanisms through which implementation losses can arise. 

Of these, the performance of the multipath searcher will be very significant. According to [3], searching would fall under the twin headings of delay estimation (item number 8) and rake finger management (item number 9). Obviously, if the multipath searcher fails to detect a path, then that energy cannot be used in the demodulation. The results of simulations indicate that overall Eb/No sensitivities may be quite high, particularly with the Turbo coded bearers [2]. The normative channels of [1] imply that most of the total received energy will have control channel symbol signal to noise ratios that are negative and these are shown in the following table:

Service
Channel Type
Antenna Eb/No for BER = 10-2
Symbol SINR of DPCCH (dB)
Symbol SINR of DPDCH (dB)

12.2 kbps
AWGN 
1.2 dB
-3.425
-6.75

64 kbps
Case 1
5 dB
4.5336   -5.4664


-2.047   -12.0470

12.2 kbps
Case 2
3.5 dB
-5.9   -5.9   -5.9
-9.2   -9.2   -9.2

144 kbps
Case 2
1 dB
-3.3   -3.3   -3.3
-8.8   -8.8   -8.8

144 kbps
Case3
-1.5 dB
-3.8  -6.8   -9.8   -12.8
-9.3   -12.3  -15.3  -18.3

12.2 kbps
Case 3  
1.5 dB
-5.9   -8.9   -11.9  -14.9
-9.2   -12.2  -15.2  -18.2

As an example, if the two paths with the lowest energy in case 3 [0, -3, -6 and –9dB] are not detected then the loss in sensitivity will be around 1.0dB.

2 
Multipath Searching

Obviously, before the BS can start to de-spread the energy received in each multipath component described in [1], the presence of the multipaths must be detected. It is well known that the technique with the best performance (i.e. most likely to detect each multipath) uses a fully coherent cross-correlation device which is usually known as a searcher. This is a somewhat idealised notion, since fully coherent searching will require perfect knowledge of the complex fading co-efficient for each ray – which is, as yet, undetected and therefore unknown. 

Conversely, a simple to realise sub-optimum technique uses a non-coherent cross-correlation device. It is likely that individual BS implementations will use searchers that have a performance that lies somewhere in between the performance of the coherent and non-coherent approaches. 

The searcher will cross-correlate the received signal with the BS generated scrambling and spreading codes at a variety of timing offsets. The resulting decision statistic, from either the coherent or non-coherent technique, is often known as a hypothesis. For the sake of discussion, we will assume that the thermal and multiple access noise remains at a constant power. This allows us to use a simple thresholding technique to determine whether the hypothesis is true (multipath is present at this timing offset) or false.  Even if this assumption does not hold, it is known that the optimum CFAR (constant false-alarm rate test) techniques in unknown levels of noise cannot out-perform the simple threshold in known and constant levels of noise.

When designing the test of the hypothesis, which translates to setting the threshold value, a probability of false alarm must be chosen. This is the likelihood that the searcher will declare that a multipath exists, for a given time-delay hypothesis, when no such multipath is present. In addition, the probability of false alarm determines the probability of detection; this is the probability that the searcher will declare that a multipath is present, again for a given time-delay hypothesis, when such a multipath is indeed present. 

In addition, the likelihood of the searcher detecting a multipath is a function of the time that it dwells upon each hypothesis. The longer the dwell, the greater the accumulated energy. The requirement for a long dwell time conflicts with the requirement for detecting paths rapidly after they are born. [1] incorporates a birth-death propagation model, for which the allowable implementation loss has yet to be defined. With reference to this test, an analytical approach for evaluating the required searcher dwell time was devised. 

The approach is relatively simple, to avoid the issue of individual implementations it is assumed that:

1) The coherent searcher has perfect knowledge of the channel

2) Each path is static, i.e. not fading

3) The rake fingers can be set up immediately, with no symbol, timeslot or frame boundary requirements.

4) The probability of false alarm is set at 1.0e-4.

The searching process is shown in Figure 0‑1. In the calculations, the likelihood that the path is successfully detected after N searches is calculated, then the mean energy used per path is calculated based upon the remaining path energy left before the path dies. 
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Figure 0‑1: The searching process. This figure assumes that the path is not detected until the second search

These calculations are repeated for the non-coherent searching case. In each case, only pilot symbol energy in the DPCCH is accumulated, and it is assumed that there are 8 pilot symbols per timeslot. Finally, the calculations are repeated for a range of search dwell times, defined as the number of searches per frame and a variety of DPCCH symbol signal-to-noise ratios. The results are plotted in Figure 0.2 and Figure 0.3. The search rate was varied from 0.1 to 10.0 searches per frame, and the DPCCH symbol signal to noise ratio took the values –14.0 –8.0 –2.0, 4.0 and 10.0 dB. These signal to noise ratio values are typical, this range is indicated by [2] and the normative channels of [1 – Annexe B]. 
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Figure 0.2: Mean Energy Usage for Coherent Accumulation
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Figure 0.3: Mean Energy Usage with Non-Coherent Accumulation

It can be seen that the losses that will be introduced due to non-coherent searching will be considerable. The loss in the coherent case is somewhat less. It may be concluded from this analysis that a fully coherent searcher is the obvious choice in implementation. However, the following facts make fully-coherent searching less desirable:

1. Low signal to noise ratio paths will have poor channel estimates. This will remove any advantage the coherent approach can bring.

2. By definition, the searcher detects paths that we have not detected yet. Hence, channel estimation is impossible.

3. Doppler frequency shifts will reduce the performance of a coherent approach. The non-coherent approach would perform better in this case.

4. The Doppler shift can be estimated and corrected. However, this can only be done after paths have been detected. It cannot be done before demodulation has started. Therefore, initial searches cannot use a fully coherent technique.

5. The results indicate that a search dwell of around one frame may be appropriate. Therefore, it cannot be assumed that the path complex weights will remain approximately static during the accumulation of the correlator output. In fact, it is clear that approaches that coherently accumulate over shorter periods, followed by non-coherent accumulation, will be most appropriate. 

Once again, it is clear that vendors will use searching techniques that have a performance that falls somewhere between the two approaches treated here. However, it is also clear that the performance will not be as good as that of the idealised coherent approach. Moreover, the non-coherent approach offers a performance which is, to say the least, disappointing. Therefore, the searching techniques employed must be studied very carefully before the implementation loss due to this function can be determined. 

5
Conclusions

This paper has presented results that are taken from a simple statistical analysis of the searching procedure. Two cases were discussed, the coherent and the non-coherent approach, it is clear that the coherent approach would offer the best performance but there are severe implementation difficulties in realising a searcher with this performance. The non-coherent approach fails at the low DPCCH symbol signal to noise ratios that are implied by [2]. This is essentially because non-coherent approaches will always fail when accumulations are made of signals with negative signal to noise ratios. The coherent approach can always extract signals from noise, provided that the accumulation period is long enough. This requirement conflicts with the requirement for rapid path detection. 

The implementation difficulties in realising a searcher with near coherent performance must be taken into account when the loss due to the searching function is decided. Particular searching algorithms must be very carefully designed, and the performance in various fading conditions verified before the loss due to this essential function could be determined. In addition, the birth-death propagation path test implies a range of searcher dwell times, and thus the detection performance of the searcher. 

6 References

[1]
TS 25.101v3.0.0 – UE Radio Transmission and Reception

[2]
TSG R4-99580, “Link Level Simulation Results for UL performance requirements”, NTT DoCoMo, 30th September 1999.

[3]
TSG R4-99711, “Methodology of Implementation Margin Determination”, Motorola, 26th-29th October, Sophia Antipolis, France.

_1002355632.vsd

