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1. Introduction

The final HSDPA Technical Report [1] discusses 7 candidate adaptive modulation and coding (AMC) modes. The modulation and coding options, peak data rate, and nominal number of information word bits in the TTI (
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, for both 3- and 5-timeslot TTI’s) for those modes appear in Table 1.

	AMC 
Mode
	Constellation
	Encoder 
Rate
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	Peak Data Rate
(Mbps)
	#Inf. Bits in TTI
3-Slot (2ms) TTI
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	#Inf. Bits in TTI
5-Slot (3.33ms) TTI
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	1
	QPSK
	0.25
	1.2
	2400
	4000

	2
	QPSK
	0.5
	2.4
	4800
	8000

	3
	QPSK
	0.75
	3.6
	7200
	12000

	4
	8-PSK
	0.75
	5.4
	10800
	18000

	5
	16-QAM
	0.5
	4.8
	9600
	16000

	6
	16-QAM
	0.75
	7.2
	14400
	24000

	7
	64-QAM
	0.75
	10.8
	21600
	36000


Table 1 - Example AMC modes.

Except for the lowest-rate AMC modes using the 2ms TTI, it can be seen that if the entire payload of the TTI is to be processed as a single turbo-encoded information word, the size of the turbo-encoder internal interleaver will exceed the maximum size of 5114 bits specified by Section 4.2.3.2.3 of [2]. Accordingly, some alternative means of specifying the turbo-encoder internal interleaver is required for HSDPA.

Clearly, it would be possible to re-design the R’99 turbo-encoder internal interleaver with greater dimensions than the existing specification. This process could, however, be prolonged, with an associated risk of minimal re-use of the R’99 design. As an alternative, we consider here the approach of simply segmenting the information word into 
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 individually decodable information sub-words, and retaining the existing R’99 interleaver design. Notably, this offers some potential UE architectural advantages by permitting  parallel and scalable turbo-decoding (potentially with UE capability class) using multiple instantiations of a turbo-decoder realization.

2. Information Word Segmentation

Table 1

 SEQ MTSec \r 2 \h \* MERGEFORMAT 

Regardless of the encoder rate specified in  MACROBUTTON MTEditEquationSection Equation Section 2, we assumed that a total of 
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 systematic and encoded bits are transmitted as tail bits associated with each information sub-word. Accordingly, the number 
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 of sub-words is simply taken as the minimum number of sub-words such that the equal size sub-word lengths 
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 is integer and – allowing for trellis termination – is less than or equal to 5114, i.e. such that:
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 MACROBUTTON MTPlaceRef \* MERGEFORMAT (2.1)

	2ms TTI
	3.33ms TTI
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 (dB)

	2400
	1
	2394
	0
	4000
	1
	3994
	0

	4800
	1
	4794
	0
	8000
	2
	3994
	0.003

	7200
	2
	3594
	0.004
	12000
	3
	3994
	0.004

	10800
	3
	3594
	0.005
	18000
	4
	4494
	0.004

	9600
	2
	4794
	0.003
	16000
	4
	3994
	0.005

	14400
	3
	4794
	0.004
	24000
	5
	4794
	0.004

	21600
	5
	4314
	0.005
	36000
	8
	4494
	0.005


Table 2 – Example sub-word partitioning dimensions.

Table 2 also shows the relative loss of efficiency 
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 in energy per bit due to the increased transmission of trellis termination information compared to full-word encoding.

3. Simulated Performance Results

An example link simulation based on AMC mode 3 of Table 1(QPSK, 
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) and designed to explore the performance of the segmented turbo interleaver for a typical segmentation size is defined in Table 3. The alternative full-word turbo interleaver was adapted from the CCSDS specification [3], while the channel interleaver was a bit reversal order (BRO) interleaver adapted from [4].

Figure 1 shows the simulated FER (either the full-word
 or sub-word error rate as labeled) at 3kmh-1, while Figure 2 shows the performance at 30kmh-1. In both cases, the performance of the full-word interleaver with and without associated channel interleaving is compared to the segmented UTRA interleaver, also with and without channel interleaving (where in this case, both the full-word and sub-word FER is reported).

It can be seen that at 3kmh-1 for 10% full-word FER there was negligible difference between any of the turbo and channel interleaving strategies. Performance differences did become more pronounced at 
30kmh-1 where it can be seen that the full-word error rate for the segmented UTRA turbo interleaver was reduced by around 0.4dB by the addition of channel interleaving, to a level comparable to full-word interleaving without channel interleaving.

	SIMULATION PARAMETER
	VALUE
	UNIT

	Carrier Frequency
	2.0
	GHz

	Chip Rate
	3.84
	Mcs-1

	TTI
	3.33
	ms

	Number of OVSF Codes
	20
	

	HSDPA Multicode Spreading Factor
	32
	

	Parent Turbo Code
	UTRA 8-state, rate-1/3, PCCC
	

	AMC Mode (Table 1)
	3
	

	Modulation
	QPSK
	

	Code Rate
	3/4
	

	Turbo Full-word Length

	12,000
	bits

	Turbo Code Internal Interleavers
	 CCSDS/Segmented UTRA
	

	Channel Interleaver
	 BRO [4]
	

	ARQ
	1st transmission
	

	Transmit Diversity
	STTD
	

	Receive Diversity
	2
	antennas

	UE Velocity

	3, 30
	kmh-1

	Doppler Frequency
	5.6, 56
	Hz

	Doppler Spectrum

	Classical (uniform) azimuthal scattering)
	

	Power Delay Profile
	Flat
	

	Inter-antenna Correlation
	Uncorrelated
	


Table 3 - Link simulation parameters.

4. Conclusions

Within the limitations of the channels models studied here, reuse of the R’99 turbo-encoder internal interleaver using simple information word segmentation appears a candidate for the HS-DSCH channel definition, possibly in combination with channel interleaving.
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Figure 1 - Link performance - 3km/h
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Figure 2 - Link performance - 30kmph


































� Here, “sub-word FER”  denotes the probability that any transmitted information sub-word was received in error; “full-word FER” is the probability that any of the sub-words comprising a full-word was received in error.
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