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1. Introduction

The closed-loop adaptive-STTD (ASTTD) scheme was proposed by Huawei in [1,2] to provide some
performance improvement for the open-loop STTD. It was demonstrated in [1] that some performance gain
relative to STTD can be obtained. It was later claimed in Tdoc R1-02-1265 ([3]) that ASTTD outperforms
TxAA mode 1 for high mobility scenario. It was also claimed that ASTTD outperforms selection transmit
diversity (STD) when fast power control is used.

In this contribution, we analyze the performance of ASTTD scheme. It is demonstrated that:
1. The ASTTD weight selection scheme that is used by Huawei in [1-3] is sub-optimal.
2. When the optimal ASTTD weight selection scheme is utilized, the performance of ASTTD is identical

to STD. In fact, they are mathematically equivalent.

In light of the above results, we ask Huawei to explain the performance gain of ASTTD relative to STD that was
claimed in Tdoc R1-02-1265 ([3]) under fast power control assumption. In particular, details on the fast power
control schemes for ASTTD and STD used to generate simulation results in [3] should be provided.

2.  Analysis of ASTTD

The general structure of the ASTTD scheme is depicted in Fig. 1 below.
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Fig 1: Generic structure of ASTTD

Assume we have 1 receive antenna and the channel coefficients corresponding to transmit antenna 1 and
2 are h1 and h2, respectively. Then, the received signal vector for the first and second symbol intervals can be
written as:
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The above set of equations can be rewritten by taking the complex conjugate of r(1) as follows:
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Next, we derive the optimal “ASTTD decoding” and weight selection scheme and demonstrate the equivalence
of optimal ASTTD and STD.

2.1 The optimal ASTTD decoding and weight selection

From the model in equation (1), it follows that the optimal ASTTD decoding (combining) is:
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where NC [0,R] denotes a zero-mean complex Gaussian random vector with covariance matrix R. Notice that the
optimal ASTTD decoding is simply maximum-ratio combining (MRC) operation with the effective channel
matrix A. This is essentially the regular STTD decoding with h1 replaced by w1h1, and h2 replaced by w2h2 (also
pointed out by Tim Mousley from Philips on the reflector). The ASTTD decoder generates the soft estimates of
s1 and s2

* (denoted y1 and y2). Hence, the received SNR for each symbol after ASTTD decoding is
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where w = [ w1  w2 ]
T and ||w||2=1. The above SNR is maximized by choosing w as the maximum eigenvector of

diag{ | h1 |
2 , | h2 |

2  }. It is easy to show that the optimal weight selection is:
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The above weight selection and received SNR are equivalent to those for STD.

Next, we analyze the ASTTD scheme given in [1-3] and demonstrate its sub-optimality.

2.2 The (sub-optimal) ASTTD scheme defined in [1-3]

The sub-optimal ASTTD decoding given in [1-3] is composed of 2 steps: 1) “MRC” with the channel, 2)
decorrelating detection for symbol separation. From [1-3], we have the following:
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From the above equations, by substituting A and B into the SNR expression, we have
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Now, we compare the optimal ASTTD scheme in Section 2.1 with Huawei’s sub-optimal ASTTD scheme as
described in Section 2.2. Let ∆=SNROPT − SNRSOPT. From (2) and (3), it is easy to show that:
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where
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Hence, from (4) and (5), we have shown that SNROPT ≥  SNRSOPT, which implies that the ASTTD scheme (with
soft weighting) defined by Huawei in [1-3] cannot outperform STD (which has the same performance as the
optimal ASTTD derived in Section 2.1). Observe from (5) that equality (δ(h1,h2)=0) is achieved only when at
least one of the following occur:
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The above results demonstrate the following points:
1. In general, the optimal (Section 2.1) and sub-optimal (Section 2.2 or [1-3]) ASTTD do not results in the

same performance. The performance difference, however, depends on the soft weighting scheme chosen for
the sub-optimal ASTTD (e.g. relative weighting, number of feedback bits).

2. Since the performance of the optimal ASTTD is identical to STD, ASTTD as defined in [1-3] cannot
outperform STD.

3. Comments and Questions for Huawei related to Tdoc R1-02-1265

Below is a list of comments and questions that should be addressed by Huawei regarding the results presented in
R1-02-1265.

1 The simulation results depicted in Fig. 5 (Tdoc 1265) can be explained by the above analysis. ASTTD with
1-bit feedback achieves the best performance even for the low Doppler case because it is the closest to STD.



4

Note that in typical TxAA schemes, increasing the number of feedback bits results in improved performance
for low Doppler scenario.

2 The simulation results without power control in Fig. 8 (Tdoc 1265) are consistent the analytical results given
in Section 2.

3 With fast power control, the results depicted in Fig.7 suggest that ASTTD outperforms STD. This needs to
be explained. With 1-bit feedback, the performance of ASTTD should be close to STD (although STD
should be better than ASTTD according to the above analytical results) without power control. Since the
received SNR of ASTTD is close to that of STD, the power control algorithm should handle both schemes
similarly. Hence, the results in Fig. 7 are counter-intuitive and inconsistent with the analytical results in
Section 2. We request for further explanation regarding the results.

4 To further clarify the results in Fig. 7, details on power control algorithms for ASTTD and STD should be
provided.

4. Summary and Conclusion

In this contribution, we analyze the performance of ASTTD scheme. It is demonstrated that:
1. The ASTTD weight selection scheme that is used by Huawei in [1-3] is sub-optimal.
2. When the optimal ASTTD weight selection scheme is utilized, the performance of ASTTD is identical to

STD. In fact, they are mathematically equivalent.

In light of the above results, we ask Huawei to explain the performance gain of ASTTD relative to STD that was
claimed in Tdoc R1-02-1265 ([3]) under fast power control assumption. The results seem counter-intuitive and
inconsistent with the analytical results given in this contribution. To further clarify the issue, details on the fast
power control schemes for ASTTD and STD used to generate simulation results in [3] should be provided.
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