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1. Introduction
A new SI, “Scope of future FDD HSPA Evolution”, was agreed at RAN#31, ref [1]. In the SID it was stated that HSPA spectrum efficiency, peak data rate and latency should continue to evolve. Based on this we have studied 64QAM for HSDPA.
In ‎[2], we presented link-level simulation results assuming a perfect receiver (but various transmitter EVM values), and in ‎[3], ‎[4] and ‎[5], we presented system-level simulation results assuming a perfect receiver and a Round Robin scheduler (but various back-off values).
In this contribution, we show link-level results using real channel estimation and system-level results using a realistic demodulator loss model and two different scheduler algorithms: Round Robin and Max C/I.
2. Link-level simulations

The simulation method is largely the same as presented in ‎[2], i.e. a symbol output SNR is used to look up a maximum supportable rate from MCS tables shown in the appendix. However, this time we draw the output SNRs from a full (but single-rate) link-level simulator. This gives us the advantage of introducing actual estimation and its limitations into the analysis. The receivers employed in these simulations use ideal interference and noise covariance matrices, however the scaling of each is estimated ‎[6]. The channel coefficients are estimated using a block of 10 CPICH symbols. A transmitter EVM of 7.5% was assumed. The simulation parameters are summarized in Table 1.
Table 1. Link-level simulation parameters

	Parameter
	Assumption

	Number spreading codes
	15

	Spreading factor
	16

	CPICH 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
	Fixed window of 10 CPICH symbols

	Weight calculation
	Using ideal covariance matrices but estimated scaling of each

	Channel model
	Pedestrian A ‎[7], and Typical Urban ‎[8]
(simplified to half-chip spaced rays according to Annex B in ‎[8])

	UE speeds of interest
	3 km/h at 2 GHz

Independent fading between blocks

	Transmitter EVM
	7.5%


Figure 1 shows average throughput versus
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 for one-antenna (Type 2) and two-antenna (Type 3) receivers in a Pedestrian A channel at 3 km/h. There is some impact on the throughput in the 64QAM-inclusive case for the Type 2 receiver with estimation compared to the ideal; the impact is significantly smaller for the Type 3 receiver.
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Figure 1. Average throughput for 1-antenna (left) and 2-antenna (right) receivers for PA3

Turning to the much more dispersive Typical Urban channel (3 km/h), in Figure 2, we see a more substantial effect of estimation error in the Type 2 receiver. In the Type 3 receiver, we see reduction in throughput for the 64QAM-inclusive case due to estimation, however there remains a substantial throughput advantage over the Rel-6 case. 
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Figure 2. Average throughput for 1-antenna (left) and 2-antenna (right) receivers for TU3

3. System-level simulations

The system-level simulation parameters are listed in Table 2. The results are illustrated in Figure 3 and Figure 4. For the Round Robin scheduler, depending on the tilt and traffic load, the gain in average cell throughput is up to 47% and the gain in the 90th percentile user bit rate is up to 64%. For the Max C/I scheduler, the gain in average cell throughput is up to 70% and the gain in the 90th percentile user bit rate is up to 90%.
Table 2. System-level simulation parameters
	Parameter
	Assumption

	Cellular Layout
	Hexagonal grid, 19 cell sites, 3 sectors per site

	Inter-site distance
	500 meters

	Distance-dependent path loss
	L=128.1 + 37.6log10(.R), R in kilometers

	Shadowing standard deviation
	8 dB

	Correlation distance of Shadowing
	50 m  

	Shadowing correlation
	0.5 between cells, 1.0 between sectors

	Penetration Loss  
	0 dB, 20 dB

	Antenna pattern
	3D antenna with different tilt

	Carrier Frequency / Bandwidth
	2 GHz

	Channel model
	Pedestrian A (PA)

	UE speeds of interest
	3 km/h

	Total BS TX power (Ptotal)
	43 dBm

	UE power class
	21 dBm (125 mW)

	UE noise figure
	9 dB

	UE antenna gain
	0 dB

	Minimum distance between UE and Node B
	>= 35 meters

	UE Receiver type
	GRAKE 2

	UE capability
	15 codes and 64QAM enabled, 

max TB size: 42196 bits, max MAC-d PDUs of 320 bits: 125 

	Pilot channel power overhead
	10%

	Common channel power overhead
	20%

	DL EUL control channel power overhead
	4%

	HS-SCCH
	Explicitly modelled, power range: [18 dBm  33 dBm], CIR target: -17 dB 

	DL A-DPCH
	Explicitly modelled, power range: [0 dBm 33 dBm]

	Traffic
	FTP: 10 Mbytes (fixed size) with TCP feedback

	Scheduler
	Round Robin, Max C/I

	Code multiplexing
	No

	C/I estimation
	Perfect

	CQI back-off
	3 dB

	CQI bias
	No

	CQI reporting interval
	One TTI (2 ms)

	CQI reporting delay
	One TTI (2 ms)

	DL TPC commands error rate
	4%

	Admission control
	Disabled
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Figure 3. System simulation results for Round Robin scheduler
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Figure 4. System simulation results for Max C/I scheduler
4. Conclusions
We have introduced estimation effects in our HSDPA link-level simulations with 64QAM. While estimation error has a large effect on 64QAM for 1-antenna receivers in highly dispersive cases such as the Typical Urban channel, we see significant gains for 1-antenna receivers in less dispersive channels and for 2-antenna receivers also in more dispersive channels.
We have also introduced demodulator losses in our HSDPA system-level simulations with 64QAM, using both a less beneficial (Round Robin) and a more beneficial (Max C/I) scheduler. Significant gains are still seen, especially for the Max C/I scheduler, even when the antenna tilt is decreased below the 10 degrees used in our earlier contributions.
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6. Appendix: MCS tables for link-level simulations
The MCS tables employed in the link-level simulations are shown in Table 3 and Table 4, 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.

Table 3. MCS table including 64QAM.
	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


Table 4. MCS table with only QPSK and 16QAM (Rel-6).
	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
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