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________________________________________________________________________________________________

This document points out the modifications for Tx-diversity TR (TR25.869)  that we would like to do in order to attach description of 4-Tx-STTD scheme into the technical report. 4-Tx-STTD is an open loop STTD Tx diversity concept extended for four transmit antennas. The scheme was first introduced in RAN WG1 meeting #21 in August 2001, and the text proposal in WG1#23 (Korpilampi).
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----- start text proposal (addition of new section 5.7) -----

5
Descriptions of studied concepts

5.7
Description of the 4-Tx-STTD diversity scheme

Starting point in the design of the proposed 4-Tx-STTD has been an observation that open loop (OL) schemas perform much better at high velocities than at stabile channels since of better interleaving caused by velocity. Complexity increase is also required to be minimized compared to 2-Tx-STTD, as well as full compatibility with rel’99 structures (e.g. interleavers). 

4-Tx-STTD utilizes Alamouti’s space-time block code: encoding by 4-Tx-STTD means to transmit the first STTD diversity branch (
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) via the first and the phase rotated replica via the second antenna. The second STTD diversity branch is transmitted in an analog manner from the antennas 3 and 4.

The general encoding scheme for 4-Tx-STTD is presented in the figure 1.
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Figure 1 Encoding for 4-Tx-STTD.
Pseudo-antennas (see [18]) can be defined e.g. as 
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 if power balancing is required. 

Phase hopping by using 8-level quantization gives the required performance. The rotation phases are picked from a short look-up-table, keeping the same phases over the period of at least 2 symbols.
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Figure 2 One optimal configuration of phase offsets

One optimal configuration is obtained when the periodic phase shift pattern of shifts in degrees of {0, 135, 270, 45, 180, 315, 90, 225} on pseudo antenna 2 and respectively {180, 315, 90, 225, 0, 135, 270, 45} on pseudo antenna 4 is applied.

It is required that 
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, and therefore it is sufficient to have only one look-up table for the both phase rotated channels.

Decoding procedure for 4-Tx-STTD is similar to that of 2-Tx-STTD except that in the decoding of the STTD-branches estimates of rotated channels  
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are used, where 
[image: image10.wmf]i

h

 is the channel estimation of the i’th physical antenna. Gain factors 
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 and 
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 are adjusted depending on channel estimation quality.

5.7.1 Channel estimation for the 4-Tx-STTD concept

Depending on the CpiCH transmission scheme used we distinguish two different cases how the channel estimation for 4-tx-STTD can be done.

Channel estimation for symmetric pilots:


In this case the common pilot power is evenly distributed between primary and secondary CPiCH, and all the four channels are estimated from common pilots (i.e., from P-CpiCH and S-CpiCH). In this case 
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Channel estimation for non-symmetric pilots:

Non-symmetric channel estimation approach is used in the case that rel'99 backward compatibility reasons force us to avoid the use of S-CpiCH or it's power is at remarkably lower level than that of  P-CpiCH. In this case the first STTD branch transmitting non-transformed signal is estimated from P-CpiCH and the additional channels transmitting the transformed signal are estimated from the dedicated pilots (see [18]). This is illustrated in the figure 3. In order to improve the quality of the dedicated channel estimates of the additional channels additional pilot power offset may be used. If we are forced to use non-symmetric channel estimation, then from the performance point of view it is beneficial to set 
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The non-symmetric pilot arrangement minimizes the effect of channel estimation errors and guarantees that 4-Tx-STTD always outperforms one antenna transmission (
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). The scheme is also well power balanced.
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Figure 3 Using dedicated pilots for channel estimation of the second diversity branch.
5.7.2 Phase rotation frequency of the 4-Tx-STTD concept

One issue that should be considered when the 4-Tx-STTD is used is the phase rotation frequency. Two different options exists. First option is to use fixed phase rotation frequency in time meaning that the rotation phases are updated once in a certain time period. Another option is to use fixed phase rotation frequency in symbols meaning that a certain number of consecutive 4-Tx-STTD encoded data symbols in phase rotated channels are rotated by using the same rotating phase. 

6
Performance

6.1.5
Additional simulation parameters for the 4-Tx-STTD diversity scheme

6.1.5.1
4-Tx-STTD without HSDPA

Additional link level simulation assumptions are listed in the table 1 and the specification of the 2-tap Rayleigh channel (abbreviated as Case 1) used in simulations is given in the table 2. 2-Tx-STTD is used as a reference schema.

Table 1. Additional link level simulation assumptions

	Info bit rate
	12.2, 43.8 and 88.9 kbit/s

	Channel estimation
	1) All channels are estimated from CpiCH, or

2) The first diversity branch is estimated from P-CpiCH and the second from DPCCH pilots 

	Channel modeling
	1-tap Rayleigh, Mod Ped A , Mod Veh A and Case 1 for 3, 10, 40, 120 km/h 

	FEC
	1/3–rate CC for 12,2kbps and ½-rate CC for 43.8 kbps and 88.9 kbps

	G 
	 6 dB

	Spreading factor in DPDCH
	128 for 12,2 kbps

64 for 43.8 kbps

32 for 88.9 kbps

	Spreading factor in DPCCH
	128 for 12,2 kbps

64 for 43.8 kbps

32 for 88.9 kbps

	Slot format 
	13 for sf=32, 12 for sf=64, 10 for sf=128 (25.211, version 3.5.0)

	Performance measure
	Tx Ec/Ior

	Phase rotation frequency (in symbols)
	4


Table 2. Specification of the Case 1 propagation environment.

	delay [chip duration]
	Relative power [dB]

	0
	0.0

	4
	-10.0 


6.1.5.2 4-Tx-STTD with HSDPA

The main parameters used in HSDPA simulations are listed in the table 3 and they are obtained from [15] and [16]. HARQ was not used in our simulations.

Table 3. General simulation parameters.

	Channel Model
	1-Path and modified Pedestrian A

	Geometry
	9 dB

	Mobile velocity
	3 km/h

	Channel estimation
	Ideal

	Modulation
	QPSK or 16-QAM

	Channel encoding
	Turbo

	FEC Decoding method
	max-log-map, 8 iterations

	Sf
	16

	TTI length
	2 ms (3 slots)

	number of multicodes
	1

	antenna correlation
	No

	Receiver
	Rake

	Turbo Coding scheme
	release 99

	rate matching scheme
	release 99


6.2
Link level simulation results
6.2.5
Link level simulation results of the 4-Tx-STTD diversity scheme

6.2.5.1
4-Tx-STTD without HSDPA

In the link level simulations without HSDPA both the symmetric and non-symmetric case are considered.
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Figure 4 4-Tx-STTD  vs. 2-Tx-STTD for 1-tap Rayleigh channel and symmetric channel estimates.
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Figure 5 4-Tx-STTD  vs. 2-Tx-STTD for 2-tap Rayleigh channel and symmetric channel estimates.
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Figure 6 4-Tx-STTD  vs. 2-Tx-STTD for Mod Ped A channel and symmetric channel estimates.
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Figure 7 4-Tx-STTD  vs. 2-Tx-STTD for Mod Ped A channel and symmetric channel estimates.
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Figure 8 The performance of 4-Tx-STTD at several velocities with channel estimation from P-CPiCH and dedicated pilots with different power offsets (0, 3 and 6 dB) for DPCCH pilots (no S-CPiCH used).
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Figure 9 4-Tx-STTD with non-symmetric CPiCH power allocation (1-tap Rayleigh channel and speech service).
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Figure 10 4-Tx-STTD with non-symmetric CPiCH power allocation in 1-tap Rayleigh Channel (88.9 kbps).
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Figure 11 4-Tx-STTD vs. 2-Tx-STTD with 1-tap Rayleigh channel with different info-bit-rates.

6.2.5.2 4-Tx-STTD with HSDPA
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Figure 12 Packet error rates in 1-tap Rayleigh channel with different coding rates and QPSK-modulation.
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Figure 13 Packet error rates in Mod Ped A channel with different coding rates and QPSK-modulation.
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Figure 14 Packet error rates in 1-tap Rayleigh channel with 16-QAM modulation.
[image: image28.wmf]16-QAM, Mod Ped A 3 km/h

1,00E-02

1,00E-01

1,00E+00

-12

-9

-6

-3

0

Ec/Ior

PER

STTD 2-Tx -

1-Rx (2/3)

4-Tx-STTD

(2/3)


Figure 15 Packet error rates in Mod Ped A channel with 16-QAM modulation.
7
Impacts to UE and UTRAN implementation

7.1
Impacts to UE implementation

7.1.6 4-Tx-STTD concept

Phase rotation applied by node B should be known by the UE. The phase rotation to be used at the certain time instance can be read from the look-up table at node B and UE. Thus a small memory to store the look-up table is needed at the UE.

7.2
Impacts to UTRAN implementation
7.2.4 4-Tx-STTD concept

A small memory to store the look-up table storing the rotation phases is needed at the UTRAN.

9

Backwards compatibility to Release-99

9.4 4-Tx-STTD concept

Pilot backward (rel’99) compatibility problem can be avoided by utilizing the common pilot transmission scheme proposed in [18]. 
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