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1. Introduction
TSG RAN has approved the SI description on "Scope of future FDD HSPA Evolution" ‎[1]. One of the objectives is to identify potential solutions for improving throughput and spectrum efficiency within the existing 5-MHz bandwidth, and to make recommendations for future HSPA Evolution WIs.

One way to achieve higher peak data rates is to introduce higher-order modulation for HSDPA/HSUPA, as suggested in ‎[2] and ‎[3].

This report presents HSDPA link-level simulation results for 64QAM with low and high dispersion channels. In addition, the impact of transmitter distortion is considered. Corresponding system-level simulation results can be found in ‎[4].

2. Link-level study of 64QAM in downlink
An “SNR/rate-lookup” simulation was used to evaluate the impact on throughput of introducing 64QAM into the MCS. This method allows an expedient yet accurate assessment of the radio link in question. Essentially, this simulation consists of:

· generating the appropriate channel realization,
· determining a G-RAKE combining solution as a function of this channel realization,
· analytically calculating the output symbol SNR for the receiver,
· looking up the maximum supportable rate of the output SNR from an MCS table (shown in the appendix),
· averaging this maximum supportable rate over many channel realizations (assumes ideal link adaptation).


The MCS table, as the name implies, gives us the modulation and coding scheme which is best for the operating conditions. However, it does not give us the transport format, which includes the number of spreading codes employed.  Throughout, we will assume that 15 spreading codes are available at spreading factor 16, and all codes will be used by the UE. The simulation parameters are summarized in Table 1.
Table 1. Simulation parameters
	Parameter
	Assumption

	Number spreading codes
	15

	Spreading factor
	16

	Control channel overhead power
	10%

	Ec/Ior per code
	-12.2 dB

	Receiver
	Type 2 or 3 (LMMSE) implemented as a G-RAKE with 1 or 2 Rx antennas, 20 fingers per antenna

	Timing/delay estimation  
	Ideal

	Channel estimation
	Ideal

	Weight calculation
	Ideal

	Channel model
	AWGN, Pedestrian A ‎[5], and Typical Urban ‎[6]
(simplified to half-chip spaced rays according to Annex B in ‎[6])

	UE speeds of interest
	Constant fading over block (0 km/hr)

Independent fading between blocks

	EVM model
	AWGN at transmitter


Figures 1 to 3 show average throughput versus
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 for AWGN, Pedestrian A, and Typical Urban channels, respectively.  The AWGN case shows a 3 dB difference between one and two antenna receivers, as expected, due to array gain over thermal noise.  The maximum rates of 21.6 Mb/s and 14.4 Mb/s are apparent in the clipping of the 64QAM-inclusive and Rel. 6 cases. 
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Figure 1. Average throughput for AWGN channel.

For the Pedestrian A case of Figure 2, the Rel. 6 throughput reaches 14.4 Mb/s.  We note for the 64QAM-inclusive case that the two antenna receiver hits maximum throughput of 21.6 Mb/s, while the one antenna receiver does not.  This is primarily due to the additional advantage that the two antenna G-RAKE receiver has over the one antenna G-RAKE receiver in terms of mitigating own-cell interference.  Note that in both the Rel. 6 and 64QAM-inclusive cases, at higher Ior/Ioc, there is greater than 3 dB advantage of the two antenna receiver over the one antenna receiver.  This represents additional own-cell interference mitigation beyond the array gain over thermal noise. For the highly dispersive Typical Urban channel scenario of Figure 3, there is significant reduction in throughput for the single antenna receivers, while the two antenna receivers are able to attain maximum throughput.
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Figure 2. Average throughput for Pedestrian A channel.
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Figure 3. Average throughput for Typical Urban channel.

3. Node B Transmitter Distortion
Transmitter distortion at the Node B must be considered in the performance of the downlink.  EVM requirements were evaluated with the same SNR simulation method used above.  Using an additive Gaussian white noise model to model the distortion at the transmitter, EVM was included in the output SNR calculation.
 Example results are shown in Figure 4 for the two antenna G-RAKE receiver in a Pedestrian A channel for both the 64QAM and 16QAM cases.
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Figure 4. Average throughput for Pedestrian A channel with consideration of transmitter EVM, 2 antenna case.

While the maximum average throughput of the Rel. 6 case is fairly resilient to transmitter distortion over a range of EVM’s, we note that there is a noticeable effect on the maximum average throughput of the 64QAM-inclusive case for EVM’s greater than 7.5%.  This suggests that in order to get the most out 64QAM in terms of maximum throughput, the desired EVM range for 64QAM should be lower than the currently specified 12.5% for 16QAM transmission ‎[7].  Note, however, that even at the specified EVM requirement of 12.5%, the maximum average throughput of 18.6 Mb/s for 64QAM is still considerably higher than the 14.4 Mb/s for the Rel. 6 case (a 29% increase).  To gain greater performance out of 64QAM, EVM can be reduced at the transmitter with additional back-off (lower drive levels) on the transmitter PA, but only when 64QAM is called for.  For example, overhead channels can be maintained at their current power levels while reducing data channel transmission levels.  While this results in lower output power levels, the additional throughput performance from additional PA back-off can be reserved for UE’s close by the Node B.
4. Conclusions
This contribution has shown the benefits of introducing 64QAM modulation in the downlink. Using an ideal Class 3 UE (2 antenna G-RAKE) receiver, the increased maximum throughput of 21.6 Mb/s is shown to be attainable even in the highly dispersive Typical Urban channel scenario. Even at current 16QAM EVM specifications for the Node B, 64QAM can increase maximum throughput by 29%. Even greater performance can be obtained with increased transmitter PA back-off.
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6. Appendix
The MCS tables employed in the simulation are shown below, including the modulation format, the number of information bits per channel use (symbol), and the information rate for the example of 15 codes being employed in a single stream downlink signal. Coding rate can be inferred from the information bits per channel use. The following table was used for the case where 64QAM was included as a modulation choice:
	Symbol SNR [dB]
	Info bits per channel use
	Example Info Rate
[Mb/s]
	

	-11.5
	0.06
	0.23
	QPSK

	-10.5
	0.08
	0.27
	QPSK

	-9.5
	0.10
	0.36
	QPSK

	-8.5
	0.13
	0.45
	QPSK

	-7.5
	0.15
	0.55
	QPSK

	-6.5
	0.20
	0.71
	QPSK

	-5.5
	0.25
	0.90
	QPSK

	-4.5
	0.30
	1.09
	QPSK

	-3.5
	0.40
	1.42
	QPSK

	-2.5
	0.50
	1.80
	QPSK

	-1.5
	0.61
	2.18
	QPSK

	-0.5
	0.71
	2.56
	QPSK

	0.5
	0.88
	3.17
	QPSK

	1.5
	1.04
	3.75
	QPSK

	2.5
	1.20
	4.33
	QPSK

	3.5
	1.37
	4.92
	16-QAM

	4.5
	1.53
	5.50
	16-QAM

	5.5
	1.69
	6.08
	16-QAM

	6.5
	1.85
	6.66
	16-QAM

	7.5
	2.01
	7.24
	16-QAM

	8.5
	2.51
	9.05
	16-QAM

	9.5
	2.77
	9.96
	16-QAM

	10.5
	3.02
	10.87
	16-QAM

	11.5
	3.27
	11.77
	16-QAM

	12.5
	3.60
	12.96
	64-QAM

	13.5
	3.84
	13.82
	64-QAM

	14.5
	4.26
	15.34
	64-QAM

	15.5
	4.53
	16.31
	64-QAM

	16.5
	4.86
	17.50
	64-QAM

	17.5
	5.16
	18.58
	64-QAM

	18.5
	5.40
	19.44
	64-QAM

	19.5
	5.64
	20.30
	64-QAM

	20.5
	5.76
	20.74
	64-QAM

	21.5
	5.88
	21.17
	64-QAM

	22.5
	6.00
	21.60
	64-QAM


The following is the MCS table used to represent Release 6, which only includes QPSK and 16 QAM:

	Symbol SNR [dB]
	Info bits per channel use
	Example Info Rate
[Mb/s]
	

	-11.5
	0.06
	0.23
	QPSK

	-10.5
	0.08
	0.27
	QPSK

	-9.5
	0.10
	0.36
	QPSK

	-8.5
	0.13
	0.45
	QPSK

	-7.5
	0.15
	0.55
	QPSK

	-6.5
	0.20
	0.71
	QPSK

	-5.5
	0.25
	0.90
	QPSK

	-4.5
	0.30
	1.09
	QPSK

	-3.5
	0.40
	1.42
	QPSK

	-2.5
	0.50
	1.80
	QPSK

	-1.5
	0.61
	2.18
	QPSK

	-0.5
	0.71
	2.56
	QPSK

	0.5
	0.88
	3.17
	QPSK

	1.5
	1.04
	3.75
	QPSK

	2.5
	1.20
	4.33
	QPSK

	3.5
	1.37
	4.92
	16-QAM

	4.5
	1.53
	5.50
	16-QAM

	5.5
	1.69
	6.08
	16-QAM

	6.5
	1.85
	6.66
	16-QAM

	7.5
	2.01
	7.24
	16-QAM

	8.5
	2.51
	9.05
	16-QAM

	9.5
	2.77
	9.96
	16-QAM

	10.5
	3.02
	10.87
	16-QAM

	11.5
	3.27
	11.77
	16-QAM

	12.5
	3.52
	12.62
	16-QAM

	13.5
	3.78
	13.60
	16-QAM

	14.5
	4.00
	14.40
	16-QAM















































� Link simulations have shown that an additive Gaussian white noise model for transmitter distortion is slightly pessimistic.
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