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1. Introduction

In the last meeting, two different patterns for the common pilot for Tx diversity were discussed.

pattern 2

Primary CPICH  Ant 1 
A, A, A, A,  A, A, A, A , A, A, 

                            Ant 2           A,-A,-A, A, A, -A, -A, A, A,-A,

pattern 3

Primary CPICH  Ant 1 
A, A,  A, A,  A, A, A, A , A, A, 

                            Ant 2           A,-A, A,-A, A, -A,  A,-A, A,-A,

Ericsson proposed pattern 2 and Nokia proposed pattern 3, and, in the last meeting at Hanover, Ericsson’s proposal was approved. The main issue was that which pattern is easy to implement the AFC(Automatic Frequency Control) of the UE. 

At that meeting, Ericsson mentioned that the pattern 2 has an advantage for FFT (Fast Fourier Transformation) implementation as an AFC algorithm. But the implementation of other AFC algorithms such as the CP-FDD (Cross Product – Frequency Difference Detector) which is another candidate as an AFC algorithm, was not considered. 

However, comparing with CP-FDD, the H/W complexity of FFT method is very high because it needs the auxiliary controller and heavy calculation. Moreover, when the continuous pilot channel is used as a reference signal of the frequency difference between the UE and the UTRAN, the update speed of FDD is very important. Therefore, it is questionable how many manufacturers choose FFT as an AFC algorithm and the CP-FDD is considered as a more general solution for the implementation of the UE. So, We should consider the feasibility of CP-FDD in designing the CPICH pattern.

In this contribution, it will be presented that the current pilot symbol pattern (the pattern2) has a serious problem when we consider the practical design of AFC loop. Actually, the current pilot pattern limits the performance of most of the possible AFC algorithms which use the differential operation. Consequently, we propose that the symbol pattern of the CPICH should be changed to the pattern3 or FFS. 

2. Background
Basically, the measurement time and delay of the FDD should be properly reduced to maximise the frequency acquisition range. 

When the Tx diversity scheme is adopted, the FDD should distinguish the reference pilot among two pilot channels using the orthogonality of the symbol pattern of CPICH. This orthogonality can be obtained by the accumulation over the consecutive two symbols at any symbol position with the pilot pattern3. On the other hands, with the pilot pattern2, it needs the accumulation over four consecutive symbols at any symbol position or two consecutive symbols every even symbol. Hence, when the accumulated period is fixed as 2 symbols, the minimum delay of this pilot pattern is twice than that of pattern3, i.e. the minimum delay of pattern3 is one symbol while that of pattern2 is two symbols. This is the major difference between two pilot symbol patterns.

In the next section, we describe the structure of CP-FDD which is the representative method of the AFC algorithm and an analysis about the relation between the above factors and the frequency detection range.

3. Analysis

3.1 Structure of CP-FDD

In Fig1, the structure of CP-FDD is shown.
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Fig 1. Structure of CP-FDD

As shown in Fig 1, the structure of CP-FDD is very simple. In this structure, the detection range of CP-FDD depends on two parameters, the measurement period Np (chips) and delay time ND (chips). At the next section, we will describe the relation between the detection range and two parameters, and show that the pattern2 limits the detection range. Actually, the most of the AFC algorithms using differential operation has a similar structure as shown in Fig 1.

3.2 Analysis

In this section, we describe an analysis about the detection range according to two parameters, measurement chip time Np and delay chip time ND.
First, the characteristic function 
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 of the frequency offset detection is like eq.(1)
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In the above equation, CP-FDD output value depend on the measurement chip time 
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 and  the CP-FDD delay chip time 
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. So with this characteristic function 
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, we can obtain the relation between the frequency offset and CP-FDD output value for the various measurement chip time 
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 and  CP-FDD delay chip time 
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 as follows. 
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Fig 2. The CP-FDD output value vs. Frequency Offset

Fig2 shows the characteristics of CP-FDD. Thin line denotes the FDD characteristics when both 
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 are 512, it is the optimized parameters if the pattern2 is used. On the other hands, the thick line denotes the FDD characteristics when 
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 and 
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 are 256 and 512 respectively, it is the optimized parameters if the pattern3 is used. In this figure, one can find that the linear range of the thick line is almost twice lager than that of the thin line. It says that the thick line is outperform over the thin line in terms of the frequency acquisition speed which is important to initial cell search and the stability of the UE. Moreover, the pull-in range, the maximum frequency offset which can be controlled by FDD, is limited within 3.75 kHz when the pattern2 is used, while the pull-in range is extended to 7.5 kHz when the pattern3 is used. Considering the practical implementation, we believe that the pull-in range of the UE must be at least 4 kHz. Therefore, the pattern2 is not suitable in terms of the frequency acquisition range and speed. But when the pattern3 is used, we can meet the requirement for the practical implementation of AFC.

4. Proposal

As previously mentioned, the CP-FDD is the strongest candidate as an AFC algorithm for its simple structure and acquisition performance. But the pilot symbol pattern2 which was discussed in Hanover is not suitable when we consider the practical implementation of the most of the possible AFC algorithms which use differential method including CP-FDD. Therefore, we propose that the pilot pattern of the CPICH should be changed to the pattern3 or remained on an open issue FFS. 

5. Text Proposal for 25.211

---------------------------------- Start of text proposal ---------------------------------------

5.3.3.1
Common Pilot Channel (CPICH)

The CPICH is a fixed rate (30 kbps, SF=256) downlink physical channel that carries a pre-defined bit/symbol sequence. 

Figure X shows the frame structure of the CPICH. 
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Figure X Frame structure for Common Pilot Channel

In case of Transmit Diversity (open or closed loop), the CPICH should be transmitted from both antennas using the same channelization and scrambling code. In this case, the pre-defined symbol sequence of the CPICH is different for Antenna 1 and Antenna 2, see Figure 14. In case of   no Transmit Diversity, the symbol sequence of Antenna 1 in Figure 14 is used.

[image: image19.wmf]slot #2

Frame#i+1

Frame#i

slot #15

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

-A

-A

A

A

-A

-A

A

A

-A

A

-A

-A

A

A

-A

-A

A

A

-A

-A

A

A

-A

-A

Antenna 2

Antenna 1

slot #1

Frame Boundary


Figure 1: Modulation pattern for Common Pilot Channel (with A = 1+j)
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Figure 2: Modulation pattern for Common Pilot Channel (with A = 1+j)
There are two types of Common pilot channels, Primary CPICH and Secondary CPICH. They differ in their use and the limitations placed on their physical features.

5.3.3.1.1
Primary Common Pilot Channel

The Primary Common Pilot Channel has the following characteristics:

· The same channelization code is always used for this channel, see [4] 

· Scrambled by the primary scrambling code, see [4]

· One per cell,

· Broadcast over the entire cell.

The Primary CPICH is the phase reference for the following downlink channels: SCH, Primary CCPCH, AICH, PICH. The Primary CPICH is also the default phase reference for all other downlink physical channels.

5.3.3.1.2
Secondary Common Pilot Channel

A Secondary Common Pilot Channel has the following characteristics:

· Can use an arbitrary channelization code of SF=256, see [4]

· Scrambled by either the primary or a secondary scrambling code, see [4]

· Zero, one, or several per cell.

· May be transmitted over only a part of the cell.
A Secondary CPICH may be the reference for the Secondary CPCCH and the downlink DPCH. If this is the case, the UE is informed about this by higher-layer signalling.

---------------------------------- End of text proposal ---------------------------------------
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		-3300		-0.496033		-3300		-0.185895

		-3200		-0.513613		-3200		-0.234568

		-3100		-0.529905		-3100		-0.285004

		-3000		-0.544753		-3000		-0.336676

		-2900		-0.558004		-2900		-0.389009

		-2800		-0.569516		-2800		-0.441393

		-2700		-0.579151		-2700		-0.493181

		-2600		-0.586782		-2600		-0.543707

		-2500		-0.59229		-2500		-0.59229

		-2400		-0.595571		-2400		-0.638246

		-2300		-0.596531		-2300		-0.680897

		-2200		-0.595091		-2200		-0.719584

		-2100		-0.591187		-2100		-0.753673

		-2000		-0.584767		-2000		-0.782572

		-1900		-0.575801		-1900		-0.805734

		-1800		-0.564271		-1800		-0.822672

		-1700		-0.550178		-1700		-0.832964

		-1600		-0.533541		-1600		-0.836265

		-1500		-0.514395		-1500		-0.832308

		-1400		-0.492793		-1400		-0.820915

		-1300		-0.468806		-1300		-0.802

		-1200		-0.442523		-1200		-0.775571

		-1100		-0.414046		-1100		-0.741732

		-1000		-0.383498		-1000		-0.700685

		-900		-0.351012		-900		-0.652726

		-800		-0.31674		-800		-0.598243

		-700		-0.280843		-700		-0.537713

		-600		-0.243498		-600		-0.471695

		-500		-0.204889		-500		-0.400824

		-400		-0.165214		-400		-0.325801

		-300		-0.124675		-300		-0.247384

		-200		-0.083482		-200		-0.166379

		-100		-0.041851		-100		-0.083629

		0		0		0		0

		100		0.041851		100		0.083629

		200		0.083482		200		0.166379

		300		0.124675		300		0.247384

		400		0.165214		400		0.325801

		500		0.204889		500		0.400824

		600		0.243498		600		0.471695

		700		0.280843		700		0.537713

		800		0.31674		800		0.598243

		900		0.351012		900		0.652726

		1000		0.383498		1000		0.700685

		1100		0.414046		1100		0.741732

		1200		0.442523		1200		0.775571

		1300		0.468806		1300		0.802

		1400		0.492793		1400		0.820915

		1500		0.514395		1500		0.832308

		1600		0.533541		1600		0.836265

		1700		0.550178		1700		0.832964

		1800		0.564271		1800		0.822672

		1900		0.575801		1900		0.805734

		2000		0.584767		2000		0.782572

		2100		0.591187		2100		0.753673

		2200		0.595091		2200		0.719584

		2300		0.596531		2300		0.680897

		2400		0.595571		2400		0.638246

		2500		0.59229		2500		0.59229

		2600		0.586782		2600		0.543707

		2700		0.579151		2700		0.493181

		2800		0.569516		2800		0.441393

		2900		0.558004		2900		0.389009

		3000		0.544753		3000		0.336676

		3100		0.529905		3100		0.285004

		3200		0.513613		3200		0.234568

		3300		0.496033		3300		0.185895

		3400		0.477323		3400		0.139458

		3500		0.457646		3500		0.095674

		3600		0.437164		3600		0.054899

		3700		0.416039		3700		0.017426

		3800		0.39443		3800		-0.016521

		3900		0.372495		3900		-0.046778

		4000		0.350385		4000		-0.07325

		4100		0.328248		4100		-0.095903

		4200		0.306224		4200		-0.114761

		4300		0.284446		4300		-0.129907

		4400		0.263037		4400		-0.141472

		4500		0.242112		4500		-0.149634

		4600		0.221778		4600		-0.154611

		4700		0.202128		4700		-0.156655

		4800		0.183247		4800		-0.156046

		4900		0.165208		4900		-0.15308

		5000		0.148073		5000		-0.148073

		5100		0.131891		5100		-0.141342

		5200		0.116703		5200		-0.133208

		5300		0.102536		5300		-0.123987

		5400		0.089408		5400		-0.113981

		5500		0.077325		5500		-0.103481

		5600		0.066283		5600		-0.092752

		5700		0.056271		5700		-0.082039

		5800		0.047266		5800		-0.07156

		5900		0.039238		5900		-0.061501

		6000		0.03215		6000		-0.052019

		6100		0.025957		6100		-0.043241

		6200		0.020611		6200		-0.03526

		6300		0.016055		6300		-0.028139

		6400		0.012231		6400		-0.021912

		6500		0.009077		6500		-0.016584

		6600		0.006527		6600		-0.012137

		6700		0.004516		6700		-0.008529

		6800		0.002976		6800		-0.005698

		6900		0.001841		6900		-0.003567

		7000		0.001045		7000		-0.002045

		7100		0.000524		7100		-0.001034

		7200		0.000216		7200		-0.000429

		7300		0.000063		7300		-0.000125

		7400		0.000008		7400		-0.000015

		7500		0		7500		0

		7600		-0.000007		7600		0.000014

		7700		-0.000056		7700		0.000112

		7800		-0.000184		7800		0.000366

		7900		-0.000424		7900		0.000835

		8000		-0.0008		8000		0.001566
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Np = 512, Nd = 256

Np = 512, Nd = 512
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CP-FDD Output Value

CP-FDD Output Characteristic Curve [Tc = 1/(3840000)sec]




_1001381164.vsd
De(Dw)�

Im()�

Filtering
( Npchip equal gain FIR filter )�

PN�

r(t)�

Symbol level
Decimator�

ND chip Delay�

( )*�

Conjugation�


_937821927.doc


Pre-defined symbol sequence







Tsuper = 720 ms







Frame #2







Frame #i







Frame #72







Frame #1







Tf = 10 ms











Tslot = 2560 chips , 20 bits = 10 symbols







Slot #1







Slot #2







Slot #i







Slot #15




















_937822085.doc


A







A







A







A







A







A







A







A







Antenna 1







A







A







A







A







A







A







A







A







A







A







A







A







A







A







A







A







 A







-A







A







-A







 A







-A







A







-A







 A







-A







A







-A







 A







-A







A







-A







A







-A







 A







-A







A







-A







 A







-A







Antenna 2







slot #15







slot #1







Frame#i







Frame Boundary







Frame#i+1







slot #2












_937821926.doc


A







A







A







A







A







A







A







A







Antenna 1







A







A







A







A







A







A







A







A







A







A







A







A







A







A







A







A







-A







-A







A







A







-A







-A







A







A







-A







-A







A







A







-A







-A







A







-A







A







A







-A







-A







A







A







-A







-A







Antenna 2







slot #15







slot #1







Frame#i







Frame Boundary







Frame#i+1







slot #2












_937811878.unknown

_937811894.unknown

_937811860.unknown

_937811409.unknown

