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1. Introduction

Several papers ([1]-[3]) have been presented to RAN-WG1 addressing the feasibility of pilot-data ratio
estimation for the purpose of uncoded bit log-likelihood ratio (LLR) determination during HS-PDSCH
reception. Most importantly, the simulation results in [2] and [3] showed that explicit signaling of the pilot-
data ratio estimate was unnecessary — at least for QAM constellations of order up to 16-QAM.

These results implicitly assumed, however, that the HS-DSCH transport channel information bit streams
were equi-probably distributed over {01} . As discussed at the RAN1 HSDPA Ad-Hoc in November 2001,
and as pointed out in [4], this assumption may not be completely justified. A second area of concern was
that blind pilot-data ratio estimation may not be robust when operating with a small number of codes at
relatively low values of HSPDSCH E_ /1 ." This contribution provides further data and comment on both

i SSues.

2. Blind LLR Determination at Low Values of HS-PDSCH E_/ 1,

In order to assess performance at low values of HS-PDSCH E_/1 , further simulated performance data

or’?

was generated based on the method outlined in [2]. Specifically, the Service-8 case defined in Appendix A
of [2] (1.92Mbps, 4 codes, 16-QAM, rate-1/2) was re-examined.

Again, the reference receiver performance result was for the case where the receiver was provided with a-
priori knowledge of |, , HS-PDSCH E_ /I, the instantaneous channel impulse response and the

equalizer coefficients. The same blind procedure as described in [2] was also used, where the observation
of the CPICH and HS-PDSCH data symbols was restricted to the first timeslot in the TTI. This time,
however, the HS-PDSCH data set used to estimate the mean HS-PDSCH symbol energy was reduced from
the entire set of K =4 codes, to asingle code. Since the HS-PDSCH E_ /|, was 0.8 (-1dB), the resulting

or’?

performance of the pilot-data ratio estimation procedure was broadly consistent (assuming no change in
CPICH E_ /1) withasingle-code HS-PDSCH transmission with E /1, =0.2.

The resulting performance of the blind procedure can be seen in 3 for the case of the Pedestrian-B 3km/h
channel. It can be seen that there is little measurable loss of performance for the blind procedure compared
to the case where the entire HS-PDSCH code allocation is used for pilot-data ratio estimation. (Indeed, it

! That is, where only a limited number of HS-PDSCH data symbols are available on which to base the LLR
parameter estimation.



can be seen that the simulation error variance is greater than the difference in performance between the
estimator based on 4 codes and that based on a single code, since — in this simulation — the 1-code estimator
isactually slightly out-performing the 4-code estimator.)

Accordingly, we have concluded that the blind estimation procedure outlined in [2] seems robust to small
numbers of allocated codes.

3. Observations on HS-PDSCH QAM Symbol Statistics

Reference [4] provides some useful comments on the potential loss of performance of the blind procedure
when the binary information sequence entering the turbo-encoder is non-uniformly distributed over {01} .
As discussed in [4], the case of a biased information bit distribution is especially problematic for the case
where high instantaneous (i.e. per-TTI) code rates are used and, as a result, arelatively large proportion of
systematic information bits appear in the instantaneous turbo-codeword.

A Kkey issue here seems to be the statistical performance of the 3GPP confidentiality algorithm 8 [5]. For

the present purpose, we need to verify that a) the ciphertext after XOR-ing the HS-DSCH information
seguence with the keystream generated by the KASUMI procedure [6] is uniformly distributed over {01} ,

and b) the ciphertext is spectrally white (or equivalently, has zero redundancy).

In fact, both these issues have been addressed by the ETSI SAGE group (e.g. see Section 9.5 “ Statistical
evaluation” of [7]). Specifically, the uniformity of the ciphertext distribution was verified (amongst other
methods) by application of a chi-squared goodness-of-fit test to search for evidence to refute the hypothesis
that the distribution was indeed uniform. Over data sets varying in size from 64 to several thousand bits, no
evidence of a non-uniform distribution was found, even when reduced KASUMI keys were applied.

Concerning the power spectrum of the ciphertext, Section 9.5.1. of [7] outlines a variety of tests that were
applied to verify the redundancy of the ciphertext of two KASUMI-encrypted length-1,048,576-bit
sequences, and to the output of the f8 algorithm when multiple short f8-encrypted sequences are

concatenated. As stated in[7]:

“ The two sequences generated to verify that KASUMI destroys redundancy in the input

passed all stream cipher tests, i.e. there is no indication that these sequences deviate
from random behaviour. The same holds also for the two sequences (long keystream
seguence, concatenation of small keystream sequences) generated by the f8 function.”

Accordingly, for the present purpose, the simulation results of [2] — which were based on an independent,
identically and uniformly distributed sequence of information bits applied to the input of the HS-DSCH
turbo-encoder — appear to be valid.

4. Conclusions

From the discussion above, it seems possible to conclude that the results and conclusions of [2] and [3] are
still applicable when a smaller code set size is in use. Secondly, it also seems reasonable to conclude that
the HS-DSCH information sequence statistics are appropriate for blind LLR parameter estimation when the
f8 procedureisin use. A key question for RAN-WGL is therefore to assess whether regulatory or other

considerations would preclude the assumption that HS-DSCH datais always enciphered.
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Figure 1. Service-8 HS-DSCH BLER vs. number of codes used
for pilot-data ratio estimation.



