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1. Introduction

It has been demonstrated that closed-loop transmit diversity (TxAA) mode 1 provides link and system level gain for HSDPA over a single antenna system (see, e.g. two previous contributions from Texas Instruments [1], [2]). In several meetings ago, some concerns were raised regarding the TxAA performance for HSDPA with actual verification (see, e.g. contributions [3] and [4] from Lucent and Nokia). In the last meeting, it was demonstrated in [5] by Texas Instruments that TxAA mode 1 provides significant gain over a single antenna system for HSDPA when actual verification is used. Another concern was raised in the last meeting regarding the performance of TxAA when the power normalization factor is estimated only once per TTI while the received signal power may vary within one TTI due to the change in TxAA weight coefficient at the slot rate. 

In this contribution, we present link level FER results for TxAA mode 1 with actual CPICH-based channel estimation and CPICH-to-DSCH power offset estimation. We demonstrate the following:

1. When TxAA is used, the power normalization factor can be estimated only once per TTI (during the first slot every TTI). The change in TxAA weight coefficient every slot, which results in the variation of received signal power within one TTI, can be taken into account by introducing a simple correction factor. 

2. For TxAA mode 1 with 16QAM modulation: there is virtually no performance loss when the power normalization factor is estimated only once per TTI using the technique described in this contribution. 

In light of the above results and the previously presented results regarding the gain of TxAA mode 1 over a single antenna system, we recommend that TxAA mode 1 be supported in HSDPA. In addition, the weight should be updated every slot as done for DPCH. 

2.  CPICH-to-DSCH Power Ratio Estimation for TxAA

For single antenna HSDPA systems, the power normalization factor can be estimated only for the first slot and the same ratio can be used to compute the normalization factors for the remaining two slots. The same holds for HSDPA systems with STTD. For HSDPA systems with TxAA, however, the received signal power may vary from slot to slot since TxAA weight vector may be updated at the slot rate. In this case, the power normalization factor may vary within one TTI and simply using the first-slot ratio estimate for the remaining two slots is not acceptable. A way to overcome this problem is to perform the estimation at the slot rate. This, however, can potentially increase the receiver complexity as well as latency compared to single antenna or STTD systems.

In this section, we present a technique to obtain the normalization factors for all the 3 slots in one TTI from the power ratio estimate for the first slot. For simplicity, we assume a single-path channel although the extension for multipath channels is straightforward. We also assume that the channel remains approximately constant within 1 slot. Denote the channel matrix and the weight vector for the k-th slot as H(k) = [ h1(k)  h2(k) ]  and w(k) = [ w1(k)  w2(k) ]T, respectively (see Fig. 1(a)). At the receiver, an estimate of H(k) is obtained via CPICH-based channel estimation. This channel estimate is scaled by 
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, where PCPICH denotes the CPICH power. An estimate of the weight vector w(k) is obtained either from the previously chosen weights or from verification.

After MRC with the channel estimate from CPICH, the normalization factor for the k-th slot (which corresponds to the gain after MRC) can be written as
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This normalization factor can be estimated from DSCH data for each slot. Note that CPICH and DSCH power are constant within one TTI. Notice that 
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Next, we demonstrate that it suffices to estimate R (1) and obtain the estimates of R (2) and R (3) from R (1) by applying some simple correction factors. From the channel estimate obtained from CPICH (
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) and weight vector estimate (w(k)) , the following quantity can be computed:
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From (1) - (3), we have the following:
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It can be inferred from (3) that one only needs to estimate the normalization factor for the first slot and simply apply the appropriate correction factors to obtain the normalization factors for the second and third slots. This is illustrated in Fig. 1(b).



(a)




(b)

Figure 1. Illustration of a power normalization estimation technique for TxAA. The above depicts one TTI (containing 3 slots) (a) channel and weight vector (b) power ratio estimation

3. Simulation assumptions and parameters

The basic link-level simulation parameters are given in the Tables 1 and 2 below. The parameters for DPCH follow the ones given in [5].

Table 1. Link-level simulation parameters.

	MCS 
	16QAM rate ½, ¾ 

	Coding scheme
	8-state turbo code with max-log decoder

	Channel
	Rayleigh fading

	Delay profiles
	Flat (1-path) 

	UE speed (kmph)
	3, 30, 60, 90, 120

	Number of codes
	10

	DPCH spreading factor
	128

	DPCH power
	-21 dB

	Number of DPCH pilot symbols (QPSK)
	4 symbols per slot (as in slot format 11)

	CPICH spreading factor
	256

	CPICH power
	-10 dB

	CPICH channel estimation technique
	Symbol averaging

	Ec/Ior for DSCH
	-1 dB (fixed)

	HSDPA frame size
	480 symbols (2-ms)


Table 2. TxAA-related parameters.

	TxAA feedback bit error rate
	4%, 10%

	TxAA feedback delay
	1 slot

	Closed loop (TxAA) mode 1 
	As specified in TS 25.214: phase rotation at the UE and filtering at the node B.


	Verification assumptions
	Actual verification, Ideal verification

	Verification algorithm
	As specified in TS 25.214


The power normalization factor is estimated only for the first slot within each TTI. The estimate is obtained via a simple averaging of the DSCH symbol power.  

4. Simulation Results for TxAA Mode 1

Figure 2 depicts the required Eb/N0 to achieve 10% FER for 16QAM rate ½ and ¾ for 4% and 10% feedback BER and different values of UE speed. Actual verification algorithm for TxAA mode 1 as specified in [6] is used, along with CPICH-based channel estimation and power normalization factor estimation (as described in Section 2). The results with ideal (perfect) verification and channel estimation are given for comparison. 

Observe that no more than 0.1-dB performance loss is incurred when non-ideal CPICH-based channel estimation and power normalization factor estimation technique described in Section 2 are employed.

5. Summary and Conclusion

In this contribution, we present link level FER results for TxAA mode 1 with actual CPICH-based channel estimation and power normalization factor estimation. We demonstrate the following:

1. When TxAA is used, the power normalization factor can be estimated only once per TTI (during the first slot every TTI). The change in TxAA weight coefficient every slot, which results in the variation of received signal power within one TTI, can be taken into account by introducing a simple correction factor. 

2. For TxAA mode 1 with 16QAM modulation: there is virtually no performance loss when the power normalization factor is estimated only once per TTI using the technique mentioned in 1. 

In light of the above results and the previously presented results regarding the gain of TxAA mode 1 over a single antenna system, we recommend that TxAA mode 1 be supported in HSDPA. In addition, the weight should be updated every slot as done for DPCH. 
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Figure 2. Required Eb/N0 for 10% FER vs. UE speed: 16QAM modulation
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