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3.2
Abbreviations

For the purposes of the present document, the following abbreviations apply:

16QAM
16 Quadrature Amplitude Modulation
CCTrCH
Coded Composite Transport Channel

CDMA
Code Division Multiple Access
CSC
Cell Synchronisation Code

DPCH
Dedicated Physical Channel
FDD
Frequency Division Duplex
HS-PDSCH
High Speed Physical Downlink Shared Channel
IMB
Integrated Mobile Broadcast
MBSFN
MBSM over a Single Frequency Network
MIB
Master Information Block

OVSF
Orthogonal Variable Spreading Factor
P-CCPCH
Primary Common Control Physical Channel

PN
Pseudo Noise
PRACH
Physical Random Access Channel
PSC
Primary Synchronisation Code
QPSK
Quadrature Phase Shift Keying

RACH
Random Access Channel
SCH
Synchronisation Channel
SF
Spreading Factor

SFN
System Frame Number

TDD
Time Division Duplex

TFC
Transport Format Combination

UE
User Equipment

UL
Uplink
4
General

In the following, a separation between the data modulation and the spreading modulation has been made. The data modulation for 3.84Mcps TDD and 7.68Mcps TDD is defined in clause 5 'Data modulation for the 3.84 Mcps and 7.68Mcps options', the data modulation for 1.28Mcps TDD is defined in clause 5A 'Data modulation for the 1.28 Mcps option' and the spreading modulation in clause 6 'Spreading modulation'. For MBSFN IMB, data modulation is defined in clause 5B and the spreading modulation in clause 6A.
Table 1 shows the basic modulation parameters for the 7.68Mcps, 3.84Mcps and 1.28Mcps TDD options and for the MBSFN IMB option.
Table 1: Basic modulation parameters

	Chip rate
	7.68 Mchip/s
	same as FDD basic chiprate: 3.84 Mchip/s and MBSFN IMB
	Low chiprate:

1.28 Mchip/s

	Data modulation
	QPSK,16QAM (HS-PDSCH, MBSFN S-CCPCH and E-PUCH only)
	QPSK,16QAM (HS-PDSCH, MBSFN S-CCPCH and E-PUCH only)
	QPSK, 8PSK,16QAM (HS-PDSCH, E-PUCH, MBSFN S-CCPCH only)

	Spreading characteristics
	Orthogonal

Q chips/symbol,
where Q = 2p, 0 <= p <= 5
	Orthogonal

Q chips/symbol,
where Q = 2p, 0 <= p <= 4
(For MBSFN IMB Q = 2p, where p = 4 or 8 only)
	Orthogonal

Q chips/symbol,
where Q = 2p, 0 <= p <= 4


5B
Data modulation for the MBSFN IMB option

5B.1 
Symbol rate

The chip rate is 3.84 Mcps.  The symbol duration TS depends on the spreading factor Q and the chip duration TC: Ts = Q ( Tc, where Tc = [image: image1.wmf]1

chiprate

. 

5B.2
Mapping of bits onto signal point constellation

5B.2.1
QPSK modulation

Mapping of bits onto a QPSK signal point constellation shall be accomplished as described in subclause 5.1.1.1 of [4].

5B.2.2
16QAM modulation

Mapping of bits onto a 16QAM signal point constellation shall be accomplished as described in subclause 5.1.1.2 of [4].

6A
Spreading modulation for the MBSFN IMB option

6A.1
Spreading

The spreading operation includes a modulation mapper stage successively followed by a channelisation stage, an IQ combining stage and a scrambling stage as illustrated by figure x1.

The modulation mapping shall be accomplished as described in subclause 5.1.1 in [4].

For all physical channels, except for the Synchronisation Channel (SCH), the I and Q branches shall be spread to the chip rate by the same real-valued channelisation code Cch,SF,m, i.e. the output for each input symbol on the I and the Q branches shall be a sequence of SF chips corresponding to the channelisation code chip sequence multiplied by the real-valued symbol. The channelisation code sequence shall be aligned in time with the symbol boundary. The real-valued chip sequence on the Q-branch shall be complex multiplied with j and summed with the corresponding real-valued chip sequence on the I-branch, resulting in a single complex-valued chip sequence I+jQ.

The sequence of complex-valued chips output from the spreading stage shall be scrambled (complex chip-wise multiplication) by a complex-valued scrambling code Sdl,n.
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Figure x1: Spreading for all downlink physical channels except SCH
All complex-valued spread channels are separately weighted and then combined, together with separately weighted Primary SCH and Secondary SCH, into one complex-valued chip sequence by using complex addition, as illustrated by figure 9 in subclause 5.1.5 of [4]. The resulting signal is modulated prior to transmission as described in subclause 6A.3. 
6A.2
Code generation and allocation
6A.2.1
Channelisation codes

The channelisation codes are OVFS codes that preserve the orthogonality between downlink channels of different rates and spreading factors. The channelisation codes are defined in figure 4 of subclause 4.3.1.1 of [3] and are uniquely described as Cch,SF,m, where SF is the spreading factor of the code and m is the code number, 0 ( m ( SF-1. 

The following applies to the MBSFN IMB physical channels:

· The channelisation code for the Primary CPICH is fixed to Cch,256,0 ;

· The channelisation code for the Primary CCPCH is fixed to Cch,256,1 ;
· The channelisation codes for the Secondary CCPCH frame type 1 and MICH are assigned by UTRAN from the codes Cch,256,m 
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· The channelisation codes for the Secondary CCPCH frame type 2 are assigned by UTRAN from the codes Cch,16,m 
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· The channelisation codes for the T-CPICH are Cch,16,1 , Cch,16,2 , …, Cch,16,15.

6A.2.2
Scrambling codes

The scrambling codes shall be generated as described in subclause 5.2.2 in [4]. For MBSFN IMB operation, only primary scrambling codes shall be used. Out of all possible primary scrambling codes with index n=16*i where i=0…511 as defined in [4] the following subset shall be supported for the MBSFN option: 
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.  No two members of set n belong to the same scrambling code group.

[Editor’s note: exact values for n0, n1, … n7  are [TBD]].

Cells that belong to a certain MBSFN IMB cluster shall use the same primary scrambling code.

The primary scrambling code for all physical channels shall be applied aligned with the start of the Primary CCPCH frame. This also applies in the case of a Secondary CCPCH frame type 2 associated with the nth sub-frame of a radio frame (n = 0,1,…4) [7], such that the start of the scrambling code is always aligned with the start of sub-frame n = 0.
6A.2.3
Synchronisation codes

6A.2.3.1
Code generation


The primary synchronisation code (PSC), Cpsc, is constructed to be orthogonal to both the primary and secondary SCH codes defined in subclause 7.1. The PSC is furthermore chosen to have good aperiodic auto correlation properties and low aperiodic cross correlations with the primary SCH defined in sub-clause 7.1.

Define:

-
a = <1, -1, -1, 1, 1, -1, 1, -1, 1, 1, -1, -1, 1, 1, 1, 1>

The PSC is generated by repeating the sequence a modulated by a Golay complementary sequence, and creating a complex-valued sequence with identical real and imaginary components. The PSC Cpsc is defined as:

-
Cpsc = (1 + j) ( <a, a, -a, a, -a, a, a, a, a, a, -a, a, a, -a, -a, -a>;

where the leftmost chip in the sequence corresponds to the chip transmitted first in time. 

The 16 secondary synchronization codes, {Cssc,1,…,C ssc,16}, are complex-valued with identical real and imaginary components, and are constructed from position wise multiplication of a Hadamard sequence and a sequence z, defined as:

-
z = <b, b, b, -b, b, b, -b, -b, b, -b, b, -b, -b, -b, -b, -b>, where

-
b = <1, 1, 1, 1, 1, 1, -1, -1, -1, 1, -1, 1, -1, 1, 1, -1>.
The Hadamard sequences are obtained as the rows in a matrix H8 constructed recursively by:
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The rows are numbered from the top starting with row 0 (the all ones sequence).

Denote the n:th Hadamard sequence as a row of H8 numbered from the top, n = 0, 1, 2, …, 255, in the sequel.

Furthermore, let hn(i) and z(i) denote the i:th symbol of the sequence hn and z, respectively where i = 0, 1, 2, …, 255 and i = 0 corresponds to the leftmost symbol.

The k:th secondary synchronization code, Cssc,k, k = 1, 2, 3, …, 16 is then defined as:

-
Cssc,k = (1 + j) ( <hm(0) ( z(0), hm(1) ( z(1), hm(2) ( z(2), …, hm(255) ( z(255)>;

where m = 16((k – 1) and the leftmost chip in the sequence corresponds to the chip transmitted first in time.

6A.2.3.2
Code allocation of SSC

The secondary synchronisation code sequences shall be constructed as described in subclause 5.2.3.2 in [4]. For MBSFN IMB operation, the applicable scrambling code groups are the ones that contain the primary scrambling codes  with index 
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[Editor’s note: exact values for n0, n1, … n7  are [TBD]].
6A.3
Chip Modulation

Modulation of the complex-valued chip sequence generated by the spreading process is performed according to sub-clause 6.6. The modulation chip rate is 3.84 Mcps.
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