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1. Introduction
This paper includes aminor correction to document R1-01-1018 and supersedes that document.

Section 8 of the HSDPA physical layer Technical Report (TR 25.858, [1]) issued following RAN1#21
(Turin, August 27-31, 2001) does not provision signaling support to identify to the UE the CPICH to HS
PDSCH chip or symbol energy ratios® This issue was not, fowever, completely resolved since —
notwithstanding [3] — little or no receiver performance data had been offered to justify the elimination of

explicit signaling.

This document presents simulation results indicating the relative loss of receiver performance for candidate
HS-DPSCH formats based on 16-QAM modulation, when log-likelihood ratio computations are performed
with and without explicit a-priori knowledge of the multipath channel and received signal and interference

levels, and makes recommendations about the need for explicit pilot-data ratio signaling.

2. Outline Algorithm Description

The simulation results described here are based on the conceptual receiver signal processing model of
Figure 1 Results are presented for a single transmit and receive antenna, athough extension to multi-

antenna configurations are straightforward.

The receiver comprises a minimum mean-square error (MMSE) equalizer operating — in the particular
configuration shown here — as a pre-despreader configuration with an input sample rate of T /2 where T,

is the chip rate. The equalizer coefficients were computed by training against the CPICH, and therefore no
a-priori knowledge of the channel state was available to the receiver. MM SE equalization was followed by

de-scrambling, with each allocated code-set member subsequently despread via the Fast Hadamard

1 Or any other metric that might be used to estimate the received HS-PDSCH data symbol energy from
observed CPICH statistics.
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Transform (FHT). Finally, alog-likelihood ratio (LLR) estimate was generated for each encoded bit before

turbo-decoding.

Scrambling Code
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MMSE 2 —» LLR Turbo
Equalizer FHT . Est. | > |Decoder
K >
LLR Param.
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Figure 1. Conceptual receiver sighal processing model.

Reference results — based on the simulation parameters listed in Section 7 — were generated by first making
available to the LLR estimation function both the instantaneous multipath channel impulse response h and
the computed equalizer coefficients ¢ . Also made available was knowledge of the transmitted energy per
chip E_, of each of the K alocated HS-PDSCH codes, the total transmitted power spectrum |
(assuming a zero mean insertion loss channel) and the power spectral density of the noise plus interference
process | (simulated as frequency non-selective). This permitted direct estimation of the mean observed

QAM symbol energy E, at each FHT output (and hence the observed constellation inter-symbol distance),

and an associated symbol-rate noise plus interference process variance, which in turn permitted direct

estimation of the coded bit LLR’ s using the dual nearest-neighbour approximation.

A very straightforward estimator for the parameters necessary for LLR estimation was also constructed as
follows. As shown in Figure 2 each TTI was first divided into N_ intervals, each of duration t , and

each comprising N, = 480/ N, data symbol intervals. The corresponding number N of arbitrary length-
256 chip CPICH symbol intervals in the same LLR parameter estimation window was N, =N, /16. The
despread pilot symbol statistic for the i-th pilot symbol epoch was denoted p(i), il {0, N,-1; the
despread data symbol statistic corresponding to the i -th data symbol epoch of the k -th code was denoted
d(k i,kT {1.,K},il {0,.,N, - 1.
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Figure 2. LLR parameter estimate partitioning.
Next, for each LLR parameter estimation interval, estimates 1, and sAf) of the mean and variance of the
despread pilot statistics were constructed in conventional manner as:
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from which an estimate s'7 of the noise variance on each observed data symbol statistic d(k,i) was
computed ass’§ =s'2/16.

Thereafter, a simple estimate of the mean observed data symbol energy can be computed by first estimating
the mean energy ., of each observed data symbol statistic (including the additive noise plus interference

process) as:

d (ki) (1.2)
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With i, and S'Z available, estimation of the LLR of each component bit of the QAM symbols observed
in each estimation interval can proceed as before.

3. Simulation Results

Figure 3 compares receiver performance for the reference and practical LLR estimators for the simulated
5.76Mbps link (‘Service-2') and 1.92Mbps link (‘Service-8') defined in Section 7. Results for both the
Pedestrian-B and VehicularA multipath channels are shown. For the practical LLR estimator, results are
given for the cases where a) a single parameter estimation interval of length-TTI is used and applied across
the entire received symbol stetistics, and b) a single parameter interval of length-TTI/3 is used for al
symbols received in the TTI, where the estimation interval is located over the leading 1/3 of the TTI.

It can be seen that there is little loss of performance due to the use of the practical LLR estimator in place

of the reference design (the performance lossis summarized in Table 1).

Performance Difference (dB)

Service Type Channel Type Reference vs. TTI/3 Est. Intvl.
Service-8 Pedestrian-B 3km/h 0.1
Service-8 Vehicular-A 120km/h 0.3
Service-2 Pedestrian-B 3km/h 0.0"
Service-2 Vehicular-A 120km/h 0.4

Table 1 - Performance loss - reference case vs. TTI/3 estimation interval.

4. UE Processing Delay

An initial analysis might suggest that the TTI/3 interval required to configure the LLR estimation
parameters would add a timeslot to the UE signal processing time budget. Consider, however the

conceptual timing diagram shown in Figure 4.

Figure 4 — which is based on an assumed overlap of 1 timeslot between the HS-SHCCH and HS-PDSCH —
captures the worst-case so-called ‘maximally-late’ associated DPCH timing. The forward associated DPCH
is therefore delayed with respect to the RCCPCH-aligned DPCH by a 9x256 chip interval (based on

" Measured at FER = 0.3.
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Section 7.1 of 25.211, i.e. t , in Figure 4 has 256 chips duration). Further — assuming the timing proposed
in [7] — the HI field terminates before the end of the associated DPCH timeslot (it is followed by the pilot
field in [7]). Again, using [7], and neglecting receiver channel estimation delay?, the earliest possible
availability of transport format (TF) information (defined to include code set identification and
constellation type) is at point B following selection by the associated HI of the particular TF from the set of
available HS-SHCCH-transported TF's (in turn available at point A), leaving t, as the guard interval for
the UE to prepare for HSPDSCH despreading which commences at point C. LLR parameter estimation —
as described in this contribution — can commence as early as point D, and terminate as early as point F,
permitting actual coded symbol LLR computation (or equivalent metric) to commence at point G. This still
permits up to 2 timeslots of processing time for LLR computation to complete before the earliest possible

commencement of turbo-decoding at point .

This implies — depending on the UE architecture — that a soft symbol storage buffer of maximum size
160N, complexvalued locations would be required to buffer the despread data symbols before LLR
computation can commence, where N_ is the number of codes that can be simultaneously addressed to the
UE. For N_=5 (say, low-capability UE's) this implies a requirement for around 800 locations, rising to
2400 locations for N, =15 (say, highest capability UE). Given other memory requirements in the UE (e.g.

for turbo-decoder soft metric storage) these requirements seem relatively small.

Further, even if al the relevant LLR parameter information was available at point D, redundancy version
(RV) selection and H-ARQ process identification would not be available until point E (@ong with the HS-
SHCCH CRC to validate HS-SHCCH selection). Accordingly, coded bit LLR’s computed in the interval
from point E to point F would themselves have to be buffered in some form of intermediate storage, since

direct augmentation of the associated H-ARQ process soft metrics would not be possible.

A second concern might be the reduction in time available to perform LLR computation, but this reduction
seems to be maximally I-timeslot out of a possible 3timeslot interval before the earliest point & which
turbo-decoding could commence. Further, even if information on the pilot-data power ratio was provided
on the HS-SHCCH, a non-zero period of time before LLR parameter estimation could commence would

still appear likely to be required.

Accordingly, it seems asif the memory and processing delay burden at the UE appearsrelatively small.

2 Thiswill vary according to manufacturer, and is therefore omitted from this analysis.
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5. Conclusions

Clearly, the results presented in this document are based on a specific HSDPA UE receiver design whose

compliance to future RAN-WG4 performance requirements for the HS-PDSCH channel is unknown.

Nevertheless, our tentative conclusions are that:

a)

b)

relatively low-complexity, low-delay means of performing LLR parameter

estimation seem to be possible in the UE, and

explicit forward link signaling over the shared control channel of reference pilot

to data symbol energy information, or other associated data does not appear

necessary.
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Reference and practical performance as a function of estimation interval —
Services 2 and 8, Vehicular-A 120km/h and Pedestrian-B 3km/h.
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7. Appendix A — Simulation Environment

SIMULATION PARAMETER VALUE UNIT
Carrier Frequency 2.0 GHz
Chip Rate 384 Mcs?
TTI 2.0 ms
HS-PDSCH Spreading Factor 16
HS-PDSCH Fraction Node-B Power 80 %
Modulation Service-2: 16-QAM

Service-8: 16-QAM
HS-PDSCH Code Set Size Service-2: 12 codes
Service-8: 4
Parent Turbo Code UTRA 8-state, rate-1/3, PCCC
Service Data Rates Service-2: 5.76 Mbps
Service-8: 1.92
Code Rates Service-2: 1/2
Service-8: 1/2
Turbo Code Internal Interleaver CCSDS|6]
Channel Interleaver BRO [5]
Turbo-decoder Metric Max-Log-MAP
Number of Decoder Iterations 8 iterations
ARQ 1% transmission
Number of TX Antennas 1 antennas
Number of RX Antennas 1 antennas
UE Velocity 3,120 kmh*
Doppler Frequency 5.6, 222 Hz
Doppler Spectrum Classical (uniform) azimuthal
scattering)
Channel Update Rate 256 chips
Power Delay Profile ITU Vehicular-A
ITU Pedestrian-B
RX Freguency Lock Ideal
RX Phase Noise Spectrum I deal
TX EVM Ideal
Equalizer Length 20 chips
Equalizer Oversampling Factor 2 samples/chip
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NOSE?@SECH FIG. 4 - TIMING - LATEST ASSOCIATED DPCH
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