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Closed Loop Transmit Antenna Diversity for FDD 

STD (mode 1) vs. Proposed Single Bit Phase Mode 

1 Introduction

During AdHoc 6 email discussions between meeting TSGR1 #2, #3 and #4 meeting, Motorola proposed the single bit phase mode as one of the possible FB Mode Transmit Diversity schemes. This item has been retained for further study by ad hoc 6. This paper intends to resolve the issues surrounding the performance and possible use of this mode in order to allow a decision to be taken.

As previously presented, this FB mode is a single bit signalling for a 0 or 180 degree phase offset between the two transmission antennas, rather than single bit amplitude switching of the current mode 1 (STD). This has the same update rate as the current mode 1 (STD), but has the benefits of being power balanced and providing superior performance than mode 1 with correlated fading between antenna elements [1]. 

Furthermore, it is known that if channel estimates are taken from the PCCPCH, the performance will suffer if the MS can not compensate for signalling errors in the feedback information since the channel estimates will be taken for the incorrect antenna. To mitigate this problem, antenna verification can be done from the antenna specific pilot patterns of the dedicated physical channel. Verification can be done for both STD and the proposed single bit phase mode. 

In this paper, results are provided to show that the single bit phase mode provides the same performance as STD, but outperforms STD when optional verification is done. Results are also provided when channel estimates are taken from PCCPCH only, with and without feedback errors. 

It is proposed that the definition of the current mode 1 (STD) is modified from that of single bit amplitude (antenna switching) to the single bit phase switching. This has no implication on slot or frame structures. Antenna verification can still be done and is more effective than for the current mode 1. The advantages are superior performance and power balance between the antenna branches. 

2 Characteristics of Proposed Mode

The single bit phase mode is defined as follows. Let NW be the number of bits per feedback signaling word on the uplink, giving a feedback update rate of once per NW/NFB (=N_Slot) slots. 

FB Mode
NFB
NW
Update rate
Feedback Bit Rate
Nampl_bits
Nphase_bits

1
1
1
1600:s
1600 bps
0
1 (Table 2)

Table 1

Value
Phase-diff

0
180

1
-180

Table 2

The phase_diff is the phase difference (in degrees) between antenna 1 and antenna 2.

2.1 STD and Single Bit Phase Mode with Verification

Errors in the feedback channel cause the BS to implement the incorrect phase/amplitude settings. The performance degradation depends on the feedback channel error rate and the FB mode used. For typical feedback channel error rates (1…4 %), only a slight performance degradation is caused by erroneous feedback channel.

In FB mode 1 (STD) and the single bit phase mode, if channel estimates are taken from the PCCPCH, the performance will also suffer if the MS can not compensate for the errors since the channel estimates will be taken for the incorrect antenna. To mitigate this problem, antenna verification can be done from the antenna specific pilot patterns of the dedicated physical channel. This is already described in S1.14.

3 Simulation Parameters and Results

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

Ior/Ioc  
6 dB

PCCPCH Power
10% of Ior (Total BS Power)

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

PC/STD/Tx AA feedback errors
4%

PC/STD delay
1 slot (0.625 ms)

Tx AA delay
1 slot 

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. We have taken 3 slots averaging for the PCCPCH and 1 slot averaging for the DPCCH.

3.1 ETRP 10 kmh

Simulations are done for the ETRP  10  kmh. Figure 1 shows the Coded BER as a function of the transmitted Eb/No. 

[image: image1.jpg]Src BER

0
10

10

10

10

ETRP 10 kmh, PCCPCH=3, DPCCH=1

T

STD 0% FBerr (PCCPCH ONLY)

STD 4% FBerr (PCCPCH ONLY)

1Bit Phase 0% FBerr (PCCPCH ONLY)
1Bit Phase 4% FBerr (PCCPCH ONLY)
Single Ant

STD DPCCH ONLY

1Bit Phase DPCCH ONLY

STD VERIF

1Bit Phase VERIF

10
Tx Eb/(No)

12 14

16




Figure 1 : Coded BER in function of Tx Eb/No for ETRP 10 kmh

The results are shown in Figure 1. STD and the single bit phase mode without verification give the same performance. Note that the criteria used for STD with verification, is performed by the UE, using the example algorithm given in S1.14.

The best performance is obtained when there are no feedback errors and channel estimates are taken from the PCCPCH to demodulate the signals at the RAKE receiver. Since the PCCPCH power is relatively high, the channel estimates are quite accurate. However, when there are feedback errors, the performance degrades because the UE demodulates with the incorrect channels estimates.

As stated above, in the case when only the DPCCH is used to estimate the channel coefficients for RAKE combining, both STD and the single bit phase mode give the same performance. It should be noted that, as expected, the performance is worse than RAKE combining with PCPCCH channel estimates and no feedback errors.

Finally, it appears that, STD with verification (using the example criteria in S1.14) does not perform as well as expected. That is, verification is not working very well. In contrary, the single bit phase mode with verification works as expected.

These arguments also hold for the case of FRAY 10 kmh channels as illustrated in Figure 2 (for a 4% feedback error rate).
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Figure 2 : Coded BER in function of Tx Eb/No for FRAY 10 kmh

4 Conclusion

During AdHoc 6 email discussions between meeting #2 and #3 and TSGR1#4 meeting, Motorola proposed the single bit phase mode as one of the possible FB Mode Transmit Diversity schemes. This item has been retained for further study by ad hoc 6. This paper resolves the issues surrounding the possible use of this mode. From the results presented here, it is proposed that the definition of the current mode 1 (STD) is modified from that of single bit amplitude (antenna switching) to the single bit phase switching. This has no implication on slot or frame structures. Antenna verification can still be done and is more effective than for the current mode 1. The advantages are superior performance (of verification and for correlated channels), and power balance between the antenna branches. 
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