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1. Introduction

There has been some discussion on the WG1 email reflector recently regarding the specification of QPSK and 16-QAM constellations within 25.223 for release 5 [2].  There has also been a Tdoc on this subject from Siemens [1].

This short note is intended to provide some clarification on this issue and proposes changes to 25.223 for release 5 that increase the alignment between 25.223 and 25.213.

2. Background – Release 99/4

TDD

TDD specifications for release 99 and release 4 (25.223) [4] currently specify the QPSK data modulation constellation points as:-
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Figure 1
For the purposes of this document this signal point mapping shall be referred to as “QPSKdiamond”.

Similarly within the same specification, the cell-specific scrambling code also uses the same signal point constellation.

When the QPSKdiamond-modulated data is multiplied by the QPSKdiamond scrambling code, the resulting transmitted signal constellation points also conform to the QPSKdiamond form.

FDD

In contrast, for FDD (25.213), the data modulation effectively takes the form:-
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Figure 2
For the purposes of this document, this signal point mapping shall be referred to as “QPSKsquare”.

Again, in contrast to TDD, the scrambling code for FDD takes the form QPSKsquare.

Thus, when the QPSKsquare-modulated data is multiplied by the QPSKsquare scrambling code, the resulting transmitted signal constellation points for FDD is of the QPSKdiamond form.

Therefore, we have the situation that the transmitted signal constellation points are the same for FDD and for TDD, except that these come about by different means (ie: there are discrepancies in notation between 25.213 and 25.223).

3. HSDPA

HSDPA includes both 16-QAM and QPSK modulation.  The current first draft of the release 5 specification 25.223 [2] and 25.213 [3] specifies the 16-QAM constellation in the standard manner as depicted in the diagram below:-
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Figure 3
This constellation shall be referred to as “16QAMsquare”.

FDD

For FDD, when 16QAMsquare is multiplied by the QPSKsquare scrambling code, this results in a “16QAMdiamond” transmitted constellation as shown below:-
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Figure 4
Thus for FDD, the transmitted constellations for QPSK and 16QAM are “QPSKdiamond” and “16QAMdiamond” respectively.  This also has the property that the QPSK constellation is a scaled subset of the 16QAM constellation.

Siemens have described this (on the WG1 email reflector) as a desirable feature from a UE implementation perspective, although since the two constellations require different LLR generation techniques in any case, it is not known what this UE implementation benefit is.

TDD

For TDD, when 16QAMsquare is multiplied by the QPSKdiamond scrambling code, we obtain a 16QAMsquare transmitted constellation.  This is then different to FDD.  In addition, since for QPSK, we have QPSKdiamond ( QPSKdiamond = QPSKdiamond, the property that the QPSK constellation is a scaled subset of the 16QAM constellation is lost for TDD since one has a rotation of 45 degrees compared to the other.

A proposal from Siemens [1] has been made to specify the 16QAM constellation in “diamond” form within 25.223 to align the FDD and TDD transmitted constellations.

This document is concerned with an alternative approach to this issue, which results in a far higher degree of alignment between 25.213 and 25.223.

Proposal

It is proposed to alter the phase of the TDD scrambling code by +45 degrees (multiply by ej(/4) for release 5 25.223.  To maintain IDENTICAL transmitted signals for release 5 and release 99/4 QPSK and 8PSK (specific to LCR TDD) thereby ensuring FULL backwards compatibility, it is additionally proposed to rotate the current QPSK and 8PSK constellations of 25.223 by a factor e-j(/4.  The reasons for doing this are:-

1. The TDD scrambling code will now have a “square” constellation in alignment with the FDD scrambling code.

2. The TDD modulation constellation for QPSK will now be aligned with the FDD modulation constellation for QPSK.

3. The TDD modulation constellation for 16QAM will now be aligned with the FDD modulation constellation for 16QAM.

4. For TDD, the QPSK constellation is now a scaled subset of the 16QAM constellation as desired by Siemens.

5. The transmitted constellations for both QPSK and 16QAM will be the same for both FDD and TDD as desired by Siemens [1].

It is stressed that these changes in no way alter the functionality of the specification and in this respect this proposal is akin to [1]; only the notation is changed to align 25.213 with 25.223 for release 5.

Text outlining the changes required for this proposal is presented in Annex A.  It is further proposed that this text be adopted for release 5 25.223.
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ANNEX A

Proposed changes to 25.223 release 5 draft.

5.2.1
QPSK modulation 

5.2.1.1
Mapping for burst type 1 and 2

The data modulation is performed to the bits from the output of the physical channel mapping procedure in [8] and combines always 2 consecutive binary bits to a complex valued data symbol. Each user burst has two data carrying parts, termed data blocks:
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(1)
KCode is the number of used codes in a time slot, max KCode =16. Nk is the number of symbols per data field for the code k. This number is linked to the spreading factor Qk as described in table 1 of [7].
Data block [image: image6.wmf])

1

,

(

k

d

 is transmitted before the midamble and data block [image: image7.wmf])

2

,

(

k

d

 after the midamble. Each of the Nk data symbols [image: image8.wmf])

,

(

i

k

n

d

; i=1, 2; k=1,...,KCode; n=1,...,Nk; of equation 1 has the symbol duration [image: image9.wmf]c

k

k

s

T

Q

T

.

)

(

=

 as already given.

The data modulation is QPSK, thus the data symbols [image: image10.wmf])
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 are generated from two consecutive data bits from the output of the physical channel mapping procedure in [8]:
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using the following mapping to complex symbols:

	consecutive binary bit pattern
	complex symbol

	[image: image12.wmf])

,

(

,

i

k

n

1

b

[image: image13.wmf])

,

(

,

i

k

n

2

b


	[image: image14.wmf])

,

(

i

k

n

d



	00
	(1/(2)((1+j)

	01
	(1/(2)((+1-j)

	10
	(1/(2)((-1+j)

	11
	(1/(2)((-1-j)


The mapping corresponds to a QPSK modulation of the interleaved and encoded data bits [image: image15.wmf])
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5.2.1.2
Mapping for burst type 3

In case of burst type 3, the definitions in subclause 5.2.1 apply with a modified number of symbols in the second data block. For the burst type 3, the number of symbols in the second data block [image: image16.wmf])
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5.2.2
16QAM modulation

5.2.2.1
Mapping for burst type 1 and 2

The data modulation is performed to the bits from the output of the physical channel mapping procedure. In case of 16QAM, modulation 4 consecutive binary bits are represented by one complex valued data symbol. Each user burst has two data carrying parts, termed data blocks:
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(3)
Nk is the number of symbols per data field for the user k. This number is linked to the spreading factor Qk.
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The data modulation is 16QAM, thus the data symbols [image: image23.wmf])
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 are generated from 4 consecutive data bits from the output of the physical channel mapping procedure in [8]:

using the following mapping to complex symbols:

	Consecutive binary bit pattern
	complex symbol
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The mapping corresponds to a 16QAM modulation of the interleaved and encoded data bits [image: image45.wmf])
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6.2.2
8PSK modulation

The data modulation is performed to the bits from the output of the physical channel mapping procedure. In case of 8PSK modulation 3 consecutive binary bits are represented by one complex valued data symbol. Each user burst has two data carrying parts, termed data blocks:
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Nk is the number of symbols per data field for the code k. This number is linked to the spreading factor Qk.
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The data modulation is 8PSK, thus the data symbols [image: image52.wmf])
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 are generated from 3 consecutive data bits from the output of the physical channel mapping procedure in [8]:
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using the following mapping to complex symbols:

	Consecutive binary bit pattern
	complex symbol
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	000
	cos(9pi/8)+ jsin(9pi/8)

	001
	cos(7pi/8)+ jsin(7pi/8)

	010
	cos(3pi/8)+ jsin(3pi/8)

	011
	cos(5pi/8)+ jsin(5pi/8)

	100
	cos(11pi/8)+ jsin(11pi/8)

	101
	cos(13pi/8)+ jsin(13pi/8)

	110
	cos(1pi/8)+ jsin(1pi/8)

	111
	cos(15pi/8)+ jsin(15pi/8)


The mapping corresponds to a 8PSK modulation of the interleaved and encoded data bits [image: image58.wmf])
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7.4
Scrambling codes

The spreading of data by a real valued channelisation code [image: image60.wmf])
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 of length Qk is followed by a cell specific complex scrambling sequence [image: image61.wmf](
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In equation 4 the letter j denotes the imaginary unit. A complex scrambling code [image: image65.wmf]ν

 is generated from the binary scrambling codes [image: image66.wmf](
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 of length 16 shown in Annex A. The relation between the elements [image: image67.wmf]ν
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 is given by:
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The length matching is obtained by concatenating QMAX/Qk spread words before the scrambling. The scheme is illustrated in figure 2 and is described in more detail in subclause 6.4.
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Figure 2: Spreading of data symbols
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