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1. Introduction

During AdHoc 6 email discussions between meeting #2 and #3, Motorola made two proposals for enhancements to FB Mode Transmit Diversity. 

The first proposal was for a new FB mode, being single bit signaling for a 0 or 180 degree phase offset between the two transmission antennas. This has the same update rate as mode 1 (STD), but has the benefits of being power balanced and providing superior performance than mode 1 with correlated fading between antenna elements.
The second proposal was for the possibility to have 2 bits per slot feedback signaling. The main advantages of this proposal are improved performance for FB modes 2 and 3; the possibility to combine FB mode transmit diversity with site selection diversity transmission; and the possibility to support FB mode for the case of >2 antennas.

In this paper, simulation results are given for the case of correlated fading between antennas (including for the new single bit phase adjustment mode), and for 2 bit per slot FBI signalling. The simulations are carried out for the single tap flat Rayleigh channel.
2. Simulation Parameters

The simulations are for the 8 kbps speech service for the downlink WCDMA UMTS.  The link level simulations parameters are given in the following table :

Chip Rate 
4.096 Mcps

Data Rate 
8 kbps Speech Service

Modulation
QPSK

Physical Channel Rate 
32 ksps

Interleaving
10 ms

Convolutional Coding Rate
1/3

Pilot/TPC/TFI
8/2/0

PCCPCH/DPCCH power
3 dB

PC/STD/Tx AA feedback rate
1.6 kb/s or 3.2 kb/s

PC/STD/Tx AA feedback errors
4%

PC/STD delay
1 slot (0.625 s)

Tx AA delay
1,2 or 4 slots (depending on mode & no. of FBI bits)

PC Step
1 dB

Table 1 : Simulation Parameters

The number of slots (averaging) used for the channel estimation on the pilots from the PCCPCH (for the weight calculation) and from the DPCCH (for RAKE receiver) are indicated at the top of the graphs. 

3. Results

3.1 Correlated Channels

Simulation results for the case of perfectly correlated channels are shown in figure 1 for the 3km/h speech service.  In figure 1, Tx AA 1 refers to the new proposed single bit phase adjustment, Tx AA 2 refers to the 2-bit phase adjustment case, and Tx AA 4 refers to the 3 bit phase plus 1 bit amplitude mode.
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Figure 1 – performance of FB mode transmit diversity with perfectly correlated fading between antennas.

It can be seen that in this case the Tx AA modes (including the new proposed single bit phase mode) offer significant benefits (more than 2dB benefit) over the single antenna case and the STD case.

3.2 FBI with 2 bit per slot

Figure 2 shows the performance of the different FB modes for the 1 km/h speech service with 1 bit per slot. In figure 2, Tx AA 1 refers to the new proposed single bit phase adjustment, Tx AA 2 refers to the 2-bit phase adjustment case, and Tx AA 4 refers to the 3 bit phase plus 1 bit amplitude mode.
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Figure 2 – performance of FB mode transmit diversity , 1 km/h, 1 bit per slot FBI

Figure 3 shows the performance of the different FB modes for the 10 km/h speech service with 1 and 2 bits per slot. In figure 3, Tx AA 1 refers to the new proposed single bit phase adjustment, Tx AA 2 refers to the 2-bit phase adjustment case, and mode 4 refers to the 3 bit phase plus 1 bit amplitude mode.
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Figure 3 – performance of FB mode transmit diversity , 10 km/h, 1 and 2 bits per slot FBI

Figure 4 shows the performance of the different FB modes for the 40 km/h speech service with 1 and 2 bits per slot. In figure 3, Tx AA 1 refers to the new proposed single bit phase adjustment, Tx AA 2 refers to the 2-bit phase adjustment case, and Tx AA 4 refers to the 3 bit phase plus 1 bit amplitude mode.
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Figure 4 – performance of FB mode transmit diversity , 40 km/h, 1 and 2 bits per slot FBI

If we consider a BER of 1%, Figures 2 shows that at 1 km/h, the 3-bit phase, 1 bit amplitude FB mode has the best performance at 1 km/h with single bit FBI, having a performance about 0.9 dB better than STD. 

Figure 3 shows that the increasing the FBI rate from 1 to 2 bits per slot improves the 3-bit phase, 1 bit amplitude FB mode performance by about 0.8 dB which is now 1.0 dB better than STD. Figure 4  shows that the increasing the FBI rate from 1 to 2 bits per slot improves the 2-bit phase FB mode performance by 1.5 dB which is now  0.7 dB better than STD.

4. Conclusions

During AdHoc 6 email discussions between meeting #2 and #3, Motorola made two proposals for enhancements to FB Mode Transmit Diversity. 

The first proposal was for a new FB mode, being single bit signaling for a 0 or 180 degree phase offset between the two transmission antennas. This has the same update rate as mode 1 (STD), but has the benefits of being power balanced and providing superior performance than mode 1 with correlated fading between antenna elements. Simulation results show that this performance benefit is at least 2 dB for fully correlated fading. 

The second proposal was for the possibility to have 2 bits per slot feedback signaling. The main advantages of this proposal are improved performance for FB modes 2 and 3; the possibility to combine FB mode transmit diversity with site selection diversity transmission; and the possibility to support FB mode for the case of >2 antennas. Simulation results presented in this paper show a performance improvement of 0.8 dB at 10 km/h (giving 1.0 dB gain over STD), and a performance improvement of 1.5 dB at 40 km/h (giving 0.7 dB gain over STD).

