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Introduction

This document contains the revised text proposal for a new pilot structure for more than 2 antennas for the TR25.869. It is based on Tdoc R1-01-0687.

The following modifications to the text are proposed:

· create a new section (section 6) for the new CPICH pilot structure as described in R1-01-0687

· delete section 5.3, since it is described now in section 6

· update the simulation parameters according to the pilot settings (unequal power)

· if an agreement is found in WG1 it should be added in the conclusion part of the TR that the described CPICH structure was agreed in WG1 as a working assumption.

The following revisions have been made:

· include a third case for unequal power settings that used 12.5% of the total TX power of the BS.
· the usage of dedicated pilots is added in the working assumption
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----- start text proposal part 1 (addition of new section 6) -----

6
New CPICH Transmission scheme for > 2 Tx antennas

In Release 99 specification, transmit diversity using 2 antennas is included. For an extension of transmit diversity schemes using more than 2 transmit antennas the definition of a new CPICH transmission scheme is essential. The UE must be enabled to perform channel estimation for each antenna. In this section, a new CPICH transmission scheme is described for 4-antenna transmit diversity. The shown principles can be also applied to more than 4 antennas.

The following principles apply:

· introduction of an antenna transformation (pseudo antennas)

· definition of the orthogonal pilots for CPICH using OVSF codes

· same pilot patterns (modulation with AA and A-A/-AA) as in Release 99 are used

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

· possibility to utilize only dedicated pilots using pseudo antennas 
6.1
CPICH transmission scheme using pseudo antennas

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


[image: image1.wmf]÷

÷

÷

÷

÷

ø

ö

ç

ç

ç

ç

ç

è

æ

×

=

÷

÷

÷

÷

÷

ø

ö

ç

ç

ç

ç

ç

è

æ

d

c

b

a

A

A

A

A

M

A

A

A

A

4

3

2

1


The principle of the antenna transformation can be seen in Figure 1. Here a 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 is in line with the Rel99/4 specification.

For backward compatibility the following rules apply:

· Channels that use one antenna are transmitted over pseudo antenna Ant a.

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

· All common channels (other than pilot) are transmitted over pseudo antennas Ant a and Ant b.

· 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.
6.2
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.

To ensure that the total power of the CPICH signals is equally distributed over all 4 physical antennas (power balancing) for example the following matrix can be used:
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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 in this case.

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

6.3
Definition of new orthogonal pilot sequences

The definition of new orthogonal pilot sequences itself is described in this section. The 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 are defined. The same pilot symbol patterns as in Rel99/4 spread by a different channelisation code are used. 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. However, code Cch,256,1 is already reserved for the CCPCH, so the next available one is Cch,256,2. This code is therefore used for spreading of CPICH3 and CPICH4. 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 need for a further extension to more than 4 antennas is ffs.

6.4
Unequal power setting for CPICH

The total power of the CPICH 1,2,..,4 can be configured by the network. The power of CPICH3&4 can be adjusted relative to the power of CPICH1&2 by the gain factor g with 0 ( g ( 1. It is FFS whether good performance of TX diversity techniques requires that the value of g is 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.

The case of unequal power allocation is also covered in the simulations (section 7.1.1). 

----- end text proposal part 1 -----

----- start text proposal part 2 -----

7.1.1
Regular simulation assumptions

Table 1 1 lists the simulation parameters that should be used in the Tx diversity simulations.

Table 1. Recommended simulation parameters for multiantenna Tx diversity simulations.

Bit Rate
12.2 kbps

Chip Rate
3.84 Mcps

Convolutional code rate
1/3

Carrier frequency
2 GHz

Power control rate
1500 Hz

PC error rate
4 %

PC Step Size
1 dB per antenna

Channel model(s) and UE velocities
1-path Rayleigh: 3, 10, 40, 120 km/h

Modified ITU Ped A: 3, 10, 40 km/h

Modified ITU Veh. A: 10, 40, 120 km/h

CL feedback bit error rate
4 %

CL feedback delay 
1 slot

TTI
20 ms

Downlink DPCH slot format
#10 or #11

Min. # of RAKE fingers for modified Vehicular A channel
5

Target FER/BlkER
1 %

Geometry (G)
-3, 0 and 6 dB

Common Pilot
– equal CPICH
– unequal CPICH 10%
– unequal CPICH 12.5%

g = 1 and –10dB total
g = 0.25 and –10dB total
g = 0.25 and –9dB total

Correlation between antennas
0

Performance measure
Tx Eb/Ior

CL feedback rate
1500 Hz

Note: simulation parameters for HSDPA rates to be defined. Higher data rates for Rel-99/4 services also to be defined.

The following notes should be taken:

1. Definition of Tx Eb/Ior
Eb = 
The average energy per information bit as measured at the base station. Defined after CRC attachment but before channel encoding.

Ior =
The total power density of the base stations in soft handoff with the mobile, measured at the base station

2. Definition of Geometry (G)

Geometry, G, is defined as:
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where,
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 = 
The total power density of the base stations in soft handoff with the mobile, measured at the mobile station
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 = 
The interference power density at a mobile due to all the base stations not in soft handoff with the mobile
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The thermal noise power spectral density

3. Power control step size

The power control step size is 1 dB per antenna. This means that when up/down command is received the tranmitter increases/decreases the Tx power per antenna by 1 dB which also results in 1 dB increase/decrease of the total Tx power.

4. Modeling of downlink channels

The only common channel modeled in downlink is the CPICH. The detailed implementation of the CPICH is shown in section 6 and the total power allocated to it is 10 % (or 12.5 %) of the total Tx power of the BS. This 10 % (12.5 %) allocation needs to be valid only in the beginning of the simulation, i.e. the CPICH total power is kept fixed during the simulation. Thus, the change of the user signal power due to power control does not affect the total CPICH Tx power.

5. Modified ITU channel models

As all of the path delays of the ITU channel models will not be multiples of the the length of one chip the channel models will be modified. In case a path (ray) is between two channel delay samples, the following modification will be done:

· The ray is split into two rays, one to the sample to the left and one to the sample to the right. The power of these new rays is such that the sum is equal to the original power, and the power of each of the new rays is proportional to the (1-normalised distance to the original ray). Finally, the power of all rays on one sample are added up and normalised to yield total channel power of 1.

Consider the example shown in the Figure 1 . In this case a path of power P located between two delay samples (Tc = length of a chip in time) is split to two separate paths with power 0.75P at delay sample k and power 0.25P at delay sample k+1. 
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Figure 1. Example of a modification of one path.

6. Number of RAKE fingers

As the ray splitting technique leads to a high number of channel taps in case of Vehicular A channel the minimum number of RAKE fingers that should be used in simulations has been set to 5.

7. unequal CPICH power
To investigate the effects of unequal power distribution the power ratios between CPICH1&2 and CPICH3&4 of 50:50 and 80:20 shall be used as simulation assumptions (g=1 and g=0.25). For g=1 the total CPICH power shall be 10% of the total TX power of the BS. For g=0.25 the total CPICH power can be 10% or 12.5% of the total TX power of the BS. Both values shall be used in simulations.
For the simulations it shall be assumed that the UE knows the used power setting, when calculating the antenna weights.

8. antenna transformation

For simulations the antenna transformation matrix M shall be the unity matrix.
9. usage of dedicated pilot bits

For channel estimation also dedicated pilot bits for more than 2 antennas can be used. If dedicated pilot bits are used in simulations the applied dedicated pilot structure shall be indicated, including the power offset of the pilot field and impact on slot structures.

----- end text proposal part 2 -----

----- start text proposal part 3 -----

10.3
New CPICH Transmission scheme for > 2 Tx antennas

This proposed scheme satisfies the backward compatibility with Release 99 if the channels are mapped to the pseudo antennas as indicated in section 6, with the same CPICH power for pseudo antennas 1 and 2 as in Release 99. The additional CPICH power should be taken into consideration when comparing 4-Tx antenna performance against Release 99. . With only one additional channelisation code, the proposed CPICH transmission scheme can be used as diversity pilot for 4 transmit antenna.
11
Conclusions

[tbd]

The described CPICH structure in section 6 is used as a working assumption for all TX diversity techniques using more than two antennas (open loop, closed loop, MIMO). The working assumption also includes the fact that channel estimation can be done using dedicated pilot bits for more than 2 antennas.
If there is an agreement in TSG RAN WG1 on any new TX diversity method for 4 Tx antennas to be included in the standard the scheme in section 6 would be the principle that is applied to generate orthogonal pilot signals for the CPICH. For Tx diversity methods for more than 4 antennas, the generation of pilot signals are ffs.
----- end text proposal part 3 -----
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