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1 Introduction

From the last WG 1 meeting #20 in Busan, Korea, the following issues on the pilot structure are open:

1. Define a CPICH for 4 antennas (potentially for more antennas) 

2. Decide on CPICH power settings that should be used in simulations (unequal CPICH power)

3. Definition of new orthogonal dedicated pilots  

To proceed with the study on TX diversity solutions using multiple antennas an agreement on a working assumption on these issues is important. Following this process we have merged aspects from various documents on pilot structures that have been distributed so far into a final concept which is presented here. We hope that it can be discussed and agreed as the working assumption for any new TX diversity method using more than 2 antennas.

The proposed working assumption consists of the following parts:

· Extension of the current CPICH structure described in TR25.869 to a more flexible structure using pseudo antennas [1]. This extension contains the current scheme as a sub-case, but leaves more flexibility to the network.

· For the orthogonal sequences on antennas 3 and 4, the usage of a modulated S-CPICH with channelisation code Cch,256,2 is proposed. The global pilots on antennas 1 and 2 remain the same as in Rel99/4. An extension of the CPICH modulation over 4 symbols with the complex factor A=1+j is not backward compatible as it would require Rel99/4 UEs to handle the new modulation scheme as well.

· The power on antennas 1&2 and 3&4 can be configured individually by the network. For the simulation parameters a 50:50 (equal power) and a 80:20 (unequal power) power ratio is proposed using total CPICH power (CPICH 1-4) of -10 dB.

Further, a possible structure for dedicated pilot bits with more than two antennas needs to be defined. This can be further discussed and can probably be decided with respect to each new TX diversity scheme. 

2 Extended CPICH structure using pseudo antennas

The current CPICH transmission scheme as described in [2] and in the TR on TX diversity solutions using multiple antennas [3] is put into a more generic way: Pseudo antennas are defined as a linear transformation of the physical antennas (Ant1, Ant2, ..., Ant4). This can be described by an antenna matrix M. All physical channels (including Rel99/4 channels) are mapped to the pseudo antennas (Ant a, Ant b, ..., Ant d). In particular it is essential that the global pilot signals (CPICH) and the dedicated channels (DPCH) are using the same transformation of the physical antennas to the pseudo antennas.

The transformation of the antennas can be described as
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The principle of the antenna transformation can be seen in Figure 1. Here a Rel5 dedicated channel is shown together with 4 orthogonal CPICHs (CPICH 1,2,..,4).
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Figure 1: Principle of antenna transformation
The UE does not know the applied transformation matrix. Consequently, the obtained channel estimates will be related to the pseudo antennas and not to the physical antennas. This scheme is a pure Node B implementation option, which does not affect the UE. Applied to two antennas only it would be in line with the Rel99/4 specification.

For backward compatibility the following rules apply:

· Release99/4 and Rel5 channels that use one antenna are transmitted over pseudo antenna Ant a.

· Release99/4 and Rel5 channels that use two antennas (using any kind of TX diversity or modulation) are transmitted over pseudo antennas Ant a and Ant b.

· Release5 channels that use four antennas (extended CPICH and DPCH) are transmitted over the pseudo antennas Ant a, Ant b, Ant c and Ant d.

· It is still possible for the UTRAN to use a non-standardised beamforming techniques. Hereby a S-CPICH or dedicated pilot bits can be used as phase reference for a DPCH.

The concept of pseudo antennas can be easily extended to more antennas, e.g. 6 antennas. In principle M physical antennas are transformed to M pseudo antennas. If transmission is done on several (N ( M) antennas, the signals are mapped to the pseudo antenna starting from Ant a, followed by Ant b, etc.

2.1 About the transformation matrix

The contents of the transformation matrix can be individually configured by UTRAN, it does not need to be standardised. This keeps the system flexible. 

The optimum setting of the Matrix M depends on various factors, e.g. on the antenna configuration and the propagation conditions.

The CPICH transmission scheme as currently described in the TR [3] ensures that the total power of the CPICH signals is equally distributed over all 4 physical antennas (power balancing). This scheme can be obtained using the following matrix:


[image: image3.wmf]÷

÷

÷

÷

÷

ø

ö

ç

ç

ç

ç

ç

è

æ

-

-

=

2

/

1

0

2

/

1

0

2

/

1

0

2

/

1

0

0

2

/

1

0

2

/

1

0

2

/

1

0

2

/

1

M


Thus, it is shown that CPICH scheme currently in the TR is a sub-case of the CPICH transmission scheme described in this document. 

Another, very simple choice of the Matrix M could be
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When the signal power on CPICH1&2and CPICH3&4 is different the resulting CPICH antenna power on the physical antennas will be not balanced.

For simulations it is seen as sufficient to use this matrix (unity matrix).

3 Definition of new orthogonal pilot sequences

The definition of new orthogonal pilot sequences itself is described in this section. The proposed extension to four antennas is shown in Figure 2. One can see the modulated CPICH for two antennas as specified in Rel99/4, which is denoted here as CPICH1 and CPICH2. Hereby the two different pilot symbol patterns are spread using channelisation code Cch,256,0.
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Figure 2: Orthogonal pilots for 4 antennas

When using four antennas, two additional orthogonal pilot sequences need to be defined. It is proposed here to use the same pilot symbol patterns as in Rel99/4 spread by a different channelisation code. To keep the complexity at the UE simple a channelisation code as close as possible in the code tree to Cch,256,0 is desired. Since the code Cch,256,1 is already reserved for the CCPCH, the next available one is Cch,256,2. The resulting structure can be seen in Figure 2.

Note that scrambling is done with the same scrambling code for all channels and is not shown in Figure 2 (and Figure 1).

The scheme can be extended also using 6 antennas. CPICH5 and 6 would then be spread with channelisation code Cch,256,3. The need for a further extension to more than 6 antennas is ffs (gain of closed loop TX diversity techniques, maybe for MIMO techniques).

4 Unequal power setting for CPICH

The total power of the CPICH 1,2,..,4 can be configured by the network. The power of CPICH3 and 4 can be adjusted relative to the power of CPICH1&2 by the gain factor g with 0 ( g ( 1. For good performance of TX diversity techniques the value of g must be signalled to the UE. 

Examples:

· If g = 1 the power on CPICH 3&4 is the same as the power on CPICH 1&2 and therefore the CPICH power is equally distributed with ration 50:50. 

· If g = 0.25 a power ratio between CPICH 1&2 and CPICH 3&4 of 80:20 is obtained.

We think that the case of unequal power allocation needs also to be covered in the simulations (cf. [4, 5]). Therefore we propose to use the values of the two examples just mentioned g = 1 and g = 0.25 as two parameter settings that shall be used in simulations. The total CPICH power (CPICH 1,2,..,4) shall be 10% of the total TX power of the base station.

For the simulations it shall be assumed that the UE knows the used power setting, when calculating the antenna weights.

5 Dedicated pilot scheme

We think that for a dedicated pilot scheme no working assumption needs to be made. Each TX diversity proposal can use its own pilot arrangement. 

However, if dedicated pilot bits are used for a proposed TX diversity solution the following items should be explained in the results:

· description of the assumed dedicated pilot structure

· evaluation if the pilot structure is applicable to all slot formats. 

· power offset (PO3) of the pilot field. 

6 Conclusion

The extended CPICH transmission scheme for 4 and more antennas was presented. It is proposed to use this as a working assumption for all TX diversity techniques using more than two antennas (open loop, closed loop, MIMO).

The new CPICH transmission scheme consists of three major parts.

· introduction of an antenna transformation (pseudo antennas)

· definition of the orthogonal pilots CPICH 3 and 4 

· definition of unequal CPICH power ratio between CPICH1&2 and CPICH3&4

It is proposed that if there is an agreement in TSG RAN WG1 on any new TX diversity method to be included in the standard this would be the principle that is applied to generate orthogonal pilot signals on more than two antennas.

Further, the following simulation conditions are proposed:

· To investigate the effects of unequal power distribution the values of 50:50 and 80:20 are proposed as simulation assumptions (g=1 and g=0.25). 

· For simulations the antenna transformation matrix M shall be the unity matrix.

· If dedicated pilot bits are used the applied pilot structure shall be indicated, including the power offset of the pilot field and impact on slot structures.
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