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1. Introduction
The DSTTD proposal in [1] for multiple input and multiple output (MIMO) systems employs 64-QAM modulation to achieve the data rates of 10.8 Mbps and 21.6 Mbps with 2-by-2 and 4-by-4 antenna configurations, respectively. On the other hand, the code reuse concept in [2] employs 16-QAM modulation to achieve the similar data rates.

The 64-QAM modulation for non-MIMO HSDPA systems may be considered to be optional because of the increased complexity in the mobile in terms of more stringent requirements to receive 64-QAM and processing requirements to support the 64-QAM mode. However, we propose that the consideration of 64 QAM mode for MIMO systems should be independent of its consideration for the non-MIMO systems for the following reasons:

(1) Since high-end terminals will support MIMO, there is no reason why they should not support 64-QAM if system level simulations show throughput advantage in employing 64-QAM for MIMO systems.

(2) Even though 64-QAM is employed by DSTTD system to achieve 10.8 and 21.6 Mbps, as shown in section (2) below, its requirements in terms of mobile complexity compared to a code re-use MIMO system employing 16-QAM is actually lower. 

In view of (1) and (2) above, we propose that the optional/mandatory mode consideration of 64-QAM for MIMO systems be independent of its optional/mandatory consideration for non-MIMO systems. 

2. Complexity comparison of STTD/DSTTD and code-reuse MIMO

We reproduce the complexity comparison of STTD/DSTTD and code-reuse MIMO from [1] in Table 1 below. The detailed assumptions in the complexity comparison in Table 1 can be found in [1].

Table 1: Complexity comparison in M real operations/sec of STTD/DSTTD employing 64-QAM and code re-use MIMO employing 16-QAM. 

	
	Scheme
	Code rate
	Modulation
	# substreams
	Total data rate
	Complexity: M real operations/sec 

	(2,2)
	STTD
	3/4
	64QAM
	20
	10.8 Mbps
	64

	(2,2)
	Code reuse  MIMO
	9/16
	16 QAM
	40
	10.8 Mbps
	106

	(4,4)
	DSTTD
	3/4
	64QAM
	40
	21.6 Mbps
	293

	(4,4)
	Code reuse MIMO
	9/16
	16 QAM
	80
	21.6 Mbps
	374




As can be seen from Table 1, the complexity in terms of total M real operations/sec of STTD/DSTTD employing 64-QAM and achieving 10.8, 21.6 Mbps rate is lower than the complexity of code re-use based MIMO technique achieving the same data rates.

The other issue that is important in considering the mobile complexity the number of A/D bits required for the STTD/DSTTD and the code re-use MIMO systems for achieving the high data rates. Hence we compare the number of A/D bits that are required for each of the two systems to achieve a data rate of 21.6 Mbps. Table 2 summarizes the simulations parameters for the number of A/D bits. The simulation results are shown in Figure 1.

Table 2: Simulation parameters for the comparison of the number of A/D bits required for DSTTD employing 64-QAM and code re-use MIMO employing 16-QAM. Simulations have been done for 1-TS.

	
	Code rate
	Modulation
	Total data rate
	AGC
	Simulated number of A/D bits per antenna

	(4,4) DSTTD
	3/4
	64-QAM
	21.6 Mbps
	Per receive antenna,

assumed perfect,  from burst to burst
	4, 5, 6, 8, and

no quantization

	(4,4) Code re-use MIMO
	9/16
	16-QAM
	21.6 Mbps
	Per receive antenna, assumed perfect, from burst to burst
	4, 5, 6, 8, and 

no quantization
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Figure 1: Performance of 21.6 Mbps DSTTD (employing 64-QAM) and code re-use MIMO (employing 16-QAM) with frame size of 1-TS as a function of the number of A/D bits used for quantization at the receive antennas.

As can be seen from Figure 1, DSTTD employing 64-QAM is less sensitive to the number of A/D requirement than code re-use MIMO.  The reason for this is that even though code re-use employs only a 16-QAM constellation at the transmitter, it transmits 4 independent 16-QAM constellations on the 4 transmit antennas. Hence, the receiver actually sees a channel superposition of 4 independent 16-QAM streams. Thus, the receiver for code re-use MIMO effectively sees 16*16*16*16 = 65536 constellation points. On the other hand, in the case of DSTTD employing 64-QAM, there are only 2 independent streams employing 64-QAM, hence the effective constellation seen by a receiver for DSTTD is 64*64 = 4096 constellation points which is less than the code re-use MIMO receiver.

3.
Conclusions
For single transmit single receive antenna, or in general in the case of non-MIMO HSDPA systems, employing 64-QAM transmission implies increased complexity in the receiver in terms of the number of A/D bits and the higher data rate reception.  However, this may not be true for MIMO systems. In Section 2, we have shown that in terms of required operations/sec, DSTTD employing 64-QAM to achieve 21.6 Mbps has less complexity as compared to code re-use MIMO achieving the same data rate with 16-QAM. Further, in terms of the number of A/D bit requirement, DSTTD employing 64-QAM is less sensitive compared to code re-use MIMO employing 16-QAM. For MIMO systems (DSTTD and code-reuse in this case) the constellation size used at the transmitter is not the actual constellation seen at the receiver because of the superposition of the multiple transmit antenna constellations. Hence, the constellation size employed at each transmit antenna does not fully reflect the complexity of the receiver, and should not be used as a measure of complexity of one system over the other in the case of MIMO systems. Therefore we propose that the consideration of 64-QAM for MIMO systems be independent of its consideration for non-MIMO HSDPA systems. That is, even though 64-QAM may be considered optional for non-MIMO HSDPA systems, it should not automatically be considered optional for MIMO systems. Detailed system level simulation studies for MIMO systems should be done before deciding whether or not 64-QAM indeed gives enough throughput advantage to decide whether it should be used for MIMO systems or not.
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