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1 Introduction

This document is a text proposal on UTRAN complexity for the complexity analysis section (5.2) of TR25.895 [1].The text proposal is based on the analysis in [2].
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5.5.1
UE Complexity

The significant functional blocks within the UE are shown in Figure AAA. Not all of the functional blocks have complexities that vary significantly with the chip rate. The complexities of the following functional blocks do not vary significantly with chip rate:

· receiver transport channel processing (Turbo decoding, Viterbi decoding, de-interleaving, rate-matching etc.).

· transmit transport channel processing (Turbo and convolutional encoding, interleaving, rate-matching etc.).

· HSDPA (HARQ memory, additional transport channel processing elements, HS-SCCH and HS-SICH processing etc.).

· DSP, microcontroller, RAM and supporting interfaces.
· synchronization (since the 7.68Mcps PSC is simply a repetition encoded version of the 3.84Mcps SCH in the reference configuration)
The complexities of the following functional blocks vary with chip rate:

· modulator (spreading) and RRC filter

· channel estimation

· joint detector

For a 2Mbps UE (for example, a category 3 HSDPA UE), the complexities of receive transport channel processing, transmit transport channel processing, HSDPA, microcontroller and the joint detector are approximately equal and the complexity of any one of these elements dwarves the complexity of any other functional block.

This analysis thus concentrates on the complexity of the joint detector (section 5.5.1.1) which is assumed to account for 20% of UE complexity at the 3.84Mcps chip rate. The manner is which the complexities of less complex blocks varies with chip rate is considered in section 5.5.1.2.


[image: image1]
Figure AAA - Main UE architectural blocks

5.5.1.1 Joint Detector Complexity

Joint detection in the frequency domain is less complex than joint detection in the time domain [11] ([11] also describes an algorithm for performing joint detection in the frequency domain). 
The complexity of the frequency domain joint detection algorithm in [11] applied to both 3.84Mcps and 7.68Mcps is analysed in Table A2 : the parameter values applied at 3.84Mcps and 7.68Mcps are detailed in Table A1.
Table A1 - Complexity parameter values

	parameter
	3.84Mcps value
	7.68Mcps value

	N = symbols / payload
	69
	69

	Q = spreading factor
	16
	32

	W = channel dispersion
	57
	114

	K = users
	16
	32

	D = FFT size
	32
	32

	p- = prelap symbols
	3
	3

	p+ = postlap symbols
	5
	5

	L = payloads per burst
	2
	2


Complexities in terms of real multiplications per timeslot are detailed in Table A2.

Table A2 – UE multiplication complexity at 3.84Mcps and 7.68Mcps

	operation
	complexity / multiplications
	3.84Mcps mults / timeslot
	7.68Mcps mults / timeslot

	B matrix calculation
	
[image: image2.wmf](

)

÷

÷

ø

ö

ç

ç

è

æ

-

-

+

å

=

Q

q

Q

W

Q

q

K

1

1

2

4


	58368
	466944

	FFT of B matrix
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	FFT of 
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	Cholesky decomposition


[image: image10.wmf]Σ

L

L

=

H

~

~


	
[image: image11.wmf]å

å

-

=

-

=

+

-

1

1

1

1

2

)

(

4

K

k

K

k

k

D

k

K

k

D


	94720
	732160

	FFT of received samples
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	Matched filtering
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	Forwards substitution
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	Backwards substitution
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	IFFT of symbol estimates
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	Total
	
	927232
	4887552


Table A2 indicates that approximately 5 times more real multiplications per timeslot are required at 7.68Mcps than at 3.84Mcps. This complexity could be reduced by restricting the number of codes that the UE can simultaneously decode or the channel dispersion length that the UE joint detector can tolerate. Overall joint detector complexity can be derived when the number of downlink timeslots supported per frame is taken into account.

A category 1 3.84Mcps HSDPA TDD UE supports a maximum of 2 HS-DSCH timeslots per TTI and 16 HS-DSCH codes per timeslot. This UE thus supports 32 physical channels per TTI. HS-DSCH transport channel processing for a category 1 3.84Mcps HSDPA UE is thus dimensioned based on 32 physical channels per TTI. It is assumed that a category 1 HSDPA TDD UE would thus also be dimensioned based on support for 32 physical channels per TTI, thus a category 1 7.68Mcps HSDPA UE would support 1 HS-DSCH timeslot per TTI.

There is no restriction in terms of the number of HS-DSCH codes that a category 2 3.84Mcps TDD UE can decode. It is assumed that a category 2 7.68Mcps TDD UE is similarly unrestricted in terms of the number of timeslots that it can decode.

Accounting for the differing number of timeslots that a UE must decode at 3.84Mcps and 7.68Mcps, joint detector complexity for HS-DSCH category 1,3 and 5 UEs is approximately 2.6 times greater at the higher chip rate. Joint detector complexity for other HS-DSCH categories is approximately 5.3 times greater.
It is assumed that for non-HS-DSCH channels (e.g. DSCH, DCH), it is also reasonable for a UE to joint detect fewer timeslots per TTI. It is thus possible to implement a 2.4Mbps 7.68Mcps TDD UE where the joint detector is approximately 2.6 times as complex as at 3.84Mcps.
5.5.1.2 Complexity of other UE functional blocks

The complexity of the spreading and modulation, RRC filter and channel estimation functional blocks increases at the higher chip rate. As the complexity of these functional blocks is not significant at 3.84Mcps and remains insignificant at 7.68Mcps, this analysis merely indicates the manner in which the complexity of these functional blocks increases.
channel estimator

Channel estimation in the time domain may be implemented by forming the product 
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 where G is an L ( L matrix consisting of elements of the midamble sequence from the set 
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, e is an L ( 1 matrix consisting of received midamble samples. Channel estimation in the time domain thus consists of 
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complex “swap and invert” operations (where L is the useful length of the midamble in chips). Channel estimation in the time domain may thus be four times as complex at 7.68Mcps than it is at 3.84Mcps, however the channel estimation operation does not involve multiplications and is thus not of significant complexity at either 3.84Mcps or 7.68Mcps. Efficient frequency domain channel estimation algorithms exist that have lower complexity than the time domain algorithm.

spreading / modulation
The spreading and modulation function may be implemented as a replication of pre-computed gain factors followed by a summation. The replication function has no significant complexity. Since there are twice as many chips per timeslot at 7.68Mcps compared to 3.84Mcps, there will be twice as many addition operations required in the summation operation at the higher chip rate. The complexity of the spreading / modulation operation is clearly not significant compared to that of other functions (such as joint detection, Turbo decoding etc.).

RRC filter

In TDD, a single RRC filter can be used for both transmission and reception. The length of the RRC filter impulse response is independent of chip rate. Since the filter coefficients of the RRC filter are fixed, it may be implemented using shift and add operations. Since there are twice as many chips per timeslot at 7.68Mcps as at 3.84Mcps, the complexity of a 7.68Mcps RRC filter is twice that of a 3.84Mcps RRC filter. However, the complexity of this filter is not significant in comparison to joint detector complexity, Turbo decoder complexity etc. 

5.5.1.3 Complexity of decoding M=8 HS-SCCH

In the reference configuration, it is stated that a 7.68Mcps UE must be able to decode up to M=8 HS-SCCH compared to M=4 HS-SCCH at 3.84Mcps.

The HS-SCCH carries 65 bits (payload + tail bits) at 3.84Mcps and 67 bits (payload + tail bits) at 7.68Mcps. The HS-SCCH is convolutionally encoded with a constraint length 9 code. HS-SCCH decoding complexity is thus proportional to 4(65 at 3.84Mcps and 8(67 at 7.68Mcps. 

This complexity is compared to the Turbo decoder complexity of a category 4 HSDPA UE: such a UE typically decodes 24000 turbo encoded bits in 15 timeslots (it is assumed that HS-SCCH is Viterbi decoded in a single timeslot). Assuming that the number of operations required to Turbo decode a data bit is approximately double that required to Viterbi decode a data bit (using the turbo and convolutional codes specified in [3]), HS-SCCH decoding complexity accounts for approximately 8% and 16% of FEC decoding complexity at 3.84Mcps and 7.68Mcps respectively.

Assuming that the ECC decoders account for approximately 20% of overall UE complexity, the requirement to decode M=8 rather than M=4 HS-SCCH increases UE complexity by less than 2%. System simulations do not show a clear performance benefit from decoding M=8 HS-SCCH and this additional complexity may be reduced by relaxing the number of HS-SCCH that the UE must decode without significantly impacting system performance.
5.5.1.4 Overall UE Complexity Increase
It is feasible to implement a joint detector that is approximately 2.6 times more complex at 7.68Mcps than at 3.84Mcps. Other UE functional blocks have complexities that are either not significant (e.g channel estimation, spreading / modulation) or do not increase significantly as the chip rate is increased (transport channel processing, HSDPA, microcontrollers). Given that a 3.84Mcps joint detector accounts for approximately 20% of UE complexity at 3.84Mcps, a UE may be constructed with a complexity at 7.68Mcps which is approximately 33% greater than at 3.84Mcps.
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