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1 Introduction

In this document we study the impact of feedback errors on closed loop transmit diversity (TxAA). We focus primarily on Release 99 modes: Mode-1 and Mode-2. In particular, we show that feedback errors can severely affect the performance of TxAA. Intuitively, the reason for this degradation is as follows. In the event of a feedback error, Node-B applies the wrong antenna weights for HS-DSCH transmission. But, the UE needs to know the antenna weights applied by the Node-B in order to perform coherent demodulation. So, if the UE’s estimate of the antenna weights applied by Node-B is incorrect, then the demodulation is incorrect, which, in turn, can result in H-ARQ buffer corruption. In fact, as shown in this document, in certain cases the performance of TxAA with feedback errors is worse than the case when there is no transmit diversity. The effect of feedback errors can be mitigated to some extent through antenna verification, as in the case of Mode-1. However, one should be cautioned that antenna verification is not perfect, and, therefore, cannot detect all feedback errors.

2 Signalling for TxAA

TxAA feedback information can be transmitted either on the UL DPCCH as in Release 99 (Mode-1 or Mode-2) or, as proposed in [4], on the HS-DPCCH. Recall that HS-DPCCH is used to carry HSDPA UL signalling like ACK/NACK feedback and channel quality indication.

2.1  Effect of feedback errors

In this section, we discuss qualitatively the effect of feedback errors in TxAA. Note that the UE needs to know the antenna weights applied by the Node-B in order to demodulate the received signal. When no feedback errors occur, the antenna weights applied by the Node-B are the same as that fed back by the UE. But in the event of a feedback error, the antenna weights applied by the Node-B are different from those fed back by the UE. The effect of this error will depend on whether the UE is able to determine the antenna weights that were applied by Node-B. In the case when the UE does determine the antenna weights correctly – as in the case of accurate antenna verification for Mode-1 – the effect of the feedback error is simply a loss in SNR. The other case – namely, one where the UE’s estimate of the antenna weights is different from the ones that were applied by Node-B – is more undesirable. Note that this case arises, for example, when there is no antenna verification or when the outcome of the antenna verification is incorrect. In such situations, a feedback error can cause H-ARQ buffers to be corrupted. This is because if the UE’s estimate of the antenna weights is incorrect, then the demodulation of the received signal is incorrect, which, in turn, causes the buffer corruption. 

In this document, we present results for two extreme scenarios: 

1. The UE is always able to determine correctly the antenna weights applied by Node-B – as in the case when antenna verification is perfect. As pointed out earlier in this section, feedback errors only result in a loss in SNR of the received signal in this case.

2. The UE does not perform any antenna verification. In this case, the UE assumes that the antenna weights applied by Node-B are the same as those fed back by the UE. Once again, as pointed out earlier in this section, feedback errors here can cause H-ARQ buffer corruption.

2.2  Signalling using UL DPCCH or HS-DPCCH?

In Release 99 closed loop transmit diversity (TxAA) Mode-1 and Mode-2, the antenna weights are fed back on the UL DPCCH. In this section, we first outline some of the problems associated with signalling using UL DPCCH, and show that signalling the antenna weights using HS-DPCCH can mitigate these problems. For additional details on various methods of transmitting TxAA feedback information, and closed loop transmit diversity (which includes STD) feedback information, in general, using the HS-DPCCH, the reader is referred to [4]. 

1. The first problem with UL DPCCH based signalling of antenna weights arises out of the fact that the feedback command length (Nw) for Release-99 Mode-1 and Mode-2 is 2 and 4 slots, respectively. However, the TTI length for HSDPA is 3-slots. The different lengths of HSDPA TTI and Mode-2 feedback command leads to larger feedback delays (7 slots) [10]. Note that in the absence of feedback errors and for the same feedback delay, Mode-2 is superior to Mode-1.

2. The second problem is the conflict in optimal weight vector selection when the UE is in soft handoff. If the weight vector is selected based on the HSDPA serving cell alone, then performance degradation will occur on the dedicated channels that are in soft handoff. If, on the other hand, the weight vector is selected based on the received signals from all the cells in the active set, then the performance of HSDPA suffers. By contrast, the HS-PDSCH is never in soft handoff, and the weight vector selection can always be based entirely on the HSPDA serving cell. As a result, neither the performance of HSDPA nor that of the dedicated channels suffers.

3. Yet another problem, which also arises when the UE is in soft handoff, is that the information on UL DPCCH may have a high error rate at the primary cell. Alternately, to maintain the same target BER in soft handoff for the worst cell in the active set, a much higher transmit power will be necessary. 

4. Finally, the feedback bits are sent uncoded on the UL DPCCH, which results in a larger feedback error than when they are sent with some amount of coding for the same transmit power level. As shown in this document, the performance of TxAA can be severely affected by feedback errors. Note that the severity of the impact of these errors on the different Release 99 modes can be different. Signalling using the HS-DPCCH allows us to encode the feedback information, which, in turn, significantly reduces the word error rate for the same amount of transmit power – or, alternately, requires less transmit power for the same performance.
In addition to mitigating the problems described above, signalling using HS-DPCCH has an additional advantage. It can significantly reduce uplink signalling overhead without degrading system performance by changing the feedback rate based on HS-DSCH activity (see [15], and references therein). Precisely, the scheme exploits the bursty nature of data traffic by increasing the feedback rate during periods of HS-DSCH activity, and reverting back to slow feedback rate at other times. 
3  Summary of results


Mode-1 or Mode-2
Signalling using HS-DPCCH

Case 1: Perfect antenna verification
Loss in performance is small compared to the optimum case, i.e., when there is no feedback errors
Negligible loss in performance

Case 2: No antenna verification
Significant degradation of performance, especially at higher SNRs. In fact, the performance at high SNRs is even worse than the case with no transmit diversity – i.e., single antenna. Furthermore, for the same feedback error rate, the loss with Mode-2 is more than that for Mode-1.
Negligible loss in performance at almost all values of SNR.

We remark here that antenna verification techniques for Mode-1 are well known. However, antenna verification is not perfect, and, therefore, cannot detect all feedback errors. Furthermore, for Mode-2, antenna verification is cumbersome because the UE has to check for 16 different hypotheses, which, in turn, also lends the method unreliable. The UE can, of course, use the DL DPCCH pilot for demodulating and combining the signal received on the HS-DSCH. However, the received power on the DL DPCCH is, in general, lower than that on the CPICH. As a result, this, too, can result in significant degradation in performance. The loss in performance when the DL DPCCH pilot – instead of CPICH – is used for demodulation is for further study.

4 Performance Results

In Section 4.1, we present results showing link-level performance with H-ARQ when the signalling is done using UL DPCCH, while in Section 4.2, we present the corresponding results for the case when the signalling is done using HS-DPCCH. Additional simulation assumptions are presented in the Appendix.

4.1  Signalling using UL DPCCH

4.1.1  Results at 3Km/h

In this section, we present link level simulation results for Mode-1 and Mode-2 in the presence of feedback errors (FBE). For comparison, we also present results for the case without feedback errors and the case without transmit diversity (SA). We consider two cases of feedback errors: 4% BER and 10% BER. The higher BER is expected to arise when the UE is in soft handoff. In each case, we consider two sub-cases: one where the UE does perfect antenna verification (PAV), and the other where there is no antenna verification (NoAV). In practice, if the UE does antenna verification, then the performance will lie somewhere in between these two extreme cases depending on the accuracy of antenna verification.
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Figure 1 Throughput for Mode-1 with and without antenna verification in the presence of feedback errors. The cases with no transmit diversity – i.e., single antenna and Mode-1 without feedback errors are also presented for comparison.
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Figure 2 Gain of Mode-1 over the case with no transmit diversity (single antenna).

Observe in Figure 1 and Figure 2 that the performance loss with perfect antenna verification is not particularly severe. However, when no antenna verification is done by the UE, the performance loss is quite severe. In fact, at high SNRs, the loss is as high as 10% when the feedback BER is only 4%. 
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Figure 3 Throughput for Mode-2 with and without antenna verification in the presence of feedback errors. The cases with no transmit diversity, and Mode-2 without feedback errors are also presented for comparison.
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Figure 4 Gain of Mode-2 over the case with no transmit diversity (single antenna).

Observe in Figure 3 and Figure 4 that the performance loss with perfect antenna verification is not particularly severe. However, when no antenna verification is done by the UE, the performance loss is quite severe. In fact, at high SNRs, the loss is as high as 13% when the feedback BER is only 4%. Furthermore, because the number of feedback bits is higher for Mode-2, the loss in performance is more significant for Mode-2 than for Mode-1 for the same value of feedback BER.

4.1.2  Results at 30Km/h

The results here show trends similar to that in the previous section. Namely, the performance loss in the presence of perfect antenna verification is not severe. However, the losses can be significant when there is no antenna verification.
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Figure 5 Throughput for Mode-1 with and without antenna verification in the presence of feedback errors. The cases with no transmit diversity – i.e., single antenna and Mode-1 without feedback errors are also presented for comparison.
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Figure 6 Gain of Mode-1 over the case with no transmit diversity (single antenna).
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Figure 7 Throughput for Mode-2 with and without antenna verification in the presence of feedback errors. The cases with no transmit diversity, and Mode-2 without feedback errors are also presented for comparison.
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Figure 8 Gain of Mode-2 over the case with no transmit diversity (single antenna).

4.2  Results for signalling using HS-DPCCH

In this section we consider the situation when the feedback is done using HS-DPCCH. We assume 4 bits of feedback from the UE: 1 bit for FSMpo, i.e., magnitude, and 3 bits for FSMph, i.e., phase, subfield. We also assume a one-shot application of the weight vector in each TTI. The encoding method that we considered for transmitting the antenna weights is a (8, 4) bi-orthogonal code, which is then repeated once to yield 16 coded bits. Finally, the FSMpo bit and the most significant bit of FSMph are repeated twice to yield a total of 20 bits, which are then transmitted on the HS-DPCCH. We assume that the feedback delay is 3 slots, and is triggered by downlink activity as in [15]; furthermore, if we assume that on an average the UE feeds back the FSM information in only half the TTIs, then for the same average transmit power as is required to achieve a BER of 0.04 for an uncoded bit, it is easily shown that the word error rate (WER) for the feedback using the encoding scheme described above is less than 0.02. We remark that for a BER of 0.04 for an uncoded bit, the WER for Mode-1 and Mode-2 is approximately 0.08 and 0.15, respectively. 

Finally, in the results shown in this section, we only consider a feedback WER of 0.018, which, as we just mentioned is equivalent to the case when the transmit power is such that the BER for an uncoded bit is 0.04. We do not consider higher WERs because the HS-DPCCH is not in soft handoff. Therefore, it is much easier to power control it such that the WER always equals the target of 0.018 – even when the UE is in soft handoff. 

As can be seen in the figures below, the performance in this case is much more robust – primarily due to the fact that the feedback error rate for the same average transmit power is significantly reduced due to the coding gain obtained from encoding the FSM feedback information. Note that the reduction in feedback error rate is also due, in part, to the reduction in signalling overhead that results from our ability to exploit the bursty nature of data traffic by performing variable rate FSM feedback on the HS-DPCCH (see also [15]). 
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Figure 9 Throughput when HS-DPCCH is used for signalling, with and without antenna verification in the presence of feedback errors. The cases with no transmit diversity, and without feedback errors are also presented for comparison. Mobile speed = 3km/h.
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Figure 10 Gain of TxAA with signalling using HS-DPCCH over the case with no transmit diversity (single antenna). Mobile speed = 3km/h.
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Figure 11 Throughput when HS-DPCCH is used for signalling, with and without antenna verification in the presence of feedback errors. The cases with no transmit diversity, and without feedback errors are also presented for comparison. Mobile speed = 30km/h.
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Figure 12 Gain of TxAA with signalling using HS-DPCCH over the case with no transmit diversity (single antenna). Mobile speed = 30km/h.

5 Conclusions

In this document, we presented results demonstrating the effect of feedback errors in TxAA in the presence of H-ARQ. We considered two cases for study.

1. The UE is always able to determine correctly the antenna weights applied by Node-B – as in the case when antenna verification is perfect. In this case feedback errors only result in a loss in SNR of the received signal. As a result the performance loss is not particularly severe.

2. The UE does not perform any antenna verification. In this case, the UE assumes that the antenna weights applied by Node-B are the same as those fed back by the UE. Here, as explained earlier in this document, feedback errors can cause H-ARQ buffer corruption. As a result, performance losses – as also indicated by the results presented here – can be quite severe.

We remark here that antenna verification techniques for Mode-1 are well known. However, antenna verification is not perfect, and, therefore, cannot detect all feedback errors. Furthermore, for Mode-2, antenna verification is cumbersome because the UE has to check for 16 different hypotheses, which, in turn, also lends the method unreliable. The UE can, of course, use the DL DPCCH pilot for demodulating and combining the signal received on the HS-DSCH. However, the received power on the DL DPCCH is, in general, lower than that on the CPICH. As a result, this, too, can result in significant degradation in performance. The loss in performance when the DL DPCCH pilot – instead of CPICH – is used for demodulation is for further study.

We also presented results for TxAA with feedback signalling using the HS-DPCCH. As a result of the significant reduction in word error rate obtained from coding when the signalling is done using the HS-DPCCH, the performance of TxAA in this case is much more robust – regardless of whether antenna verification is performed by the UE or not.
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7 Appendix A: Simulation Assumptions

Parameter
Value

Carrier Frequency
2GHz

Channel Model
3.0 Km/h Rayleigh, 30.0 Km/h Rayleigh

Ec/Nt
Variable

Channel Estimation
Ideal

Fading Model
Jakes 

No of iterations for Turbo Codes
8

Metric for Turbo Code
Max

Base Turbo Code Rate
1/3

Input to Turbo Decoder
Soft

Turbo Interleaver
As per 3GPP (modified to handle higher data rates)

Hybrid ARQ
Non-adaptive IR

ACK Feedback Error
0 %

FSM feedback error
Variable

FSM feedback delay
2 slots for Mode-1 and Mode-2

Max number of frame transmissions for H-ARQ
10

ACK/NACK delay
3 slots (2 ms)

Link quality feedback delay
6 slots (4 ms)

Number of parallel “Stop and Wait” channels per user
Up to 4

Multipath
1-path

MCS simulated
Information block size: 3072 bits

Modulation: QPSK

Code rate for each transmission: 0.8

Number of users
8

Number of channelization codes
4 at SF=16

Scheduling
Best link quality user first (Max C/I) 

FRP
1.0

