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1 Introduction

It has been agreed that the MIMO scheme for Rel.7 FDD would be a dual-codeword MIMO scheme based on D-TxAA [1]. And for achieving higher peak data rates, higher-order modulation for HSPA is now a considerable solution in the SI "Scope of future FDD HSPA Evolution" [2]. Earlier contributions have already provided some simulation results for single stream link using 64QAM with type-2 or 3 receivers [3]. So it is important to research the performance of D-TxAA with 64QAM in the downlink of HSPA. 

In this contribution we present HSDPA link-level simulation results of 64QAM on D-TxAA based MIMO scheme, to further evaluate the performance gain through introducing 64QAM to HSDPA.
2 Link-level study of D-TxAA with 64QAM
We use an “SNR/rate-lookup” method to simulate the throughput from each receiving antenna and the sum of the two throughput value is the total throughput. In this method the SNR vector is calculated first and then the maximum supportable rate of the output SNR is looked up from an MCS table for each antenna. The MCS tables of 64QAM-inclusive case and Rel.6 case are shown in [4]. And link-level simulation assumptions are listed in Table 1.
Table 1 Simulation Assumptions

	Parameter
	Assumption

	Number of Tx Antennas
	2

	Number of Rx Antennas
	2

	Spreading codes number
	15

	Spreading factor
	16

	Control channel overhead power
	10%

	Ec/Ior of HS-PDSCH
	0.9

	Antenna Correlation
	Uncorrelated

	Receiver
	LMMSE, 25 Taps per receive antenna

	Precoding Codebook
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	Timing/delay estimation
	Ideal

	Channel estimation
	Ideal

	Weight calculation
	Ideal

	Channel model
	PA3, VA30, TU3


Results from link level simulation according to the assumptions summarized in Table 1 are captured in Figure 1 to Figure 3.  Throughput versus 
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 for Type 2 16QAM, Type 3 16QAM, D-TxAA 16QAM, Type 2 64QAM, Type 3 64QAM and D-TxAA 64QAM is shown in Figure 1 to Figure 3. Figure 1 is for Pedestrian A channel, and Figure 2 is for Vehicular A channel, while Figure 3 is for Typical Urban channel. From Figure 1 to Figure 3, it can be seen that the difference of throughput is significant among distinct 
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  regions. According to Figure 1, Figure 2 and Figure 3 the analysis is shown by following:
1. When  
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is less than about 12dB, the  throughput of above six cases  is less dependent on the  modulation mode ,e.g. the performance gain  is very  small between  D-TxAA 16QAM and D-TxAA  64QAM. Compared to Type 2 16QAM/64QAM and Type 3 16QAM/64QAM, the performance gain of D-TxAA is not significant. We therefore see that, if 
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 is smaller, it may be better to adopting Type 3 16QAM without high cost in macrocellular environments.
2. When 
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 is about between 12dB and 22dB, the throughput for D-TxAA is higher than others. As three figures shown, it is seen that as 
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 is greater than about 12dB, the contribution of 64QAM to throughput becomes more significant. That is, the throughput of D-TxAA adopting 64QAM is better than D-TxAA adopting 16QAM. In three figures, we observe that when 
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 is greater than 18dB, the throughput of Type 2 64QAM is better than Type 3 16QAM because in this case it reaches Type 3 16QAM peak rate..
3. When 
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is approximately above 22dB, the achievable throughput of the six cases is more dependent on the modulation mode and receiver diversity. On the same scenario, the throughput of adopting 64QAM is higher than 16QAM for Type 2 and Type 3. It can be seen from the three figures that the highest reachable throughput for D-TxAA is more significant than other cases. In Figure 1, the highest achievable throughput is 42.8 Mb/s, which could be increased by 50% by deploying D-TxAA 64QAM, whereas D-TxAA 16QAM only hits maximum throughput of 28.0 Mb/s. In Vehicular A channel scenario, as shown in Figure 2, D-TxAA 64QAM can increase maximum throughput by 20%. And average throughput for Typical Urban channel in Figure 3 can reach 27.3Mb/s, which could be increased by 8% by deploying D-TxAA 64QAM compared to D-TxAA 16QAM. The primary reason is that D-TxAA 64QAM deploys 64QAM modulation, while D-TxAA 16QAM adopts 16QAM modulation in higher
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. Hence, compared to D-TxAA with 16QAM, D-TxAA 64QAM may be beneficial for WCDMA in alternative environments (particularly small cells or indoor applications).
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Figure 1. Average throughput for Pedestrian A channel
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Figure 2. Average throughput for Vehicular A channel
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Figure 3．Average throughput for Typical Urban channel
3 Conclusion

This contribution shows the simulation results of introducing 64QAM to HSPA Evolution. Above simulation results indicate that compared to D-TxAA 16QAM the performance gain of D-TxAA 64QAM increases by 50% in Pedestrian A channel, and by 20% in Vehicular A channel, as well as by 8% in Typical Urban channel. We observe that both D-TxAA and 64QAM have similar application scenarios in order to achieve remarkable gains. In addition, 64QAM with Type 3 receiver also provides a good option for terminals without MIMO capability or configuration to achieve performance between D-TxAA and 16QAM.
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