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1. Introduction 

Contributions [1]-[6] discussed the potential performance gains achievable with inclusion of 64QAM modulation in HSDPA.  In particular, [1] and [4] discussed the impact of realistic channel estimation on achievable performance.  It was shown in [1] that channel estimation losses greatly reduce the gain associated with 64QAM modulation in dispersive (TU) channels.  The channel estimator used in [1] was not optimized for 64QAM operation though.  In the present contribution, link level results are given utilizing an enhanced channel estimation algorithm.   
2. Discussion 

2.1. Brief Description of the Receiver
The receiver used for generating the link level results contains a decision feedback equalizer.  A description of such receivers can be found in [7], [8].  

In order to be consistent with the assumption in [1], the receiver maximum C/I was set to 20dB.  This was realized by generating additional receiver noise proportional to the total received signal power.  
The channel estimation performance is typically limited by the achievable processing gain, which in turn is determined by the length of the channel estimation correlation window.  The correlation window can be chosen adaptively, depending on an estimated Doppler spread.  In the simulations, a 20 pilot symbol correlation window was used.  Within the window, samples were weighted based on their time difference relative to the estimation time, which created a reduced effective correlation length.  

The channel correlator was implemented in frequency domain; however, equivalent performance can also be achieved with analogous time domain implementations.  
Another channel estimation performance improvement can be achieved by path thresholding [9].  Ideally, if all channel taps were chip aligned, each channel tap could be estimated by a single channel correlator tap.  By setting the remainder of the channel taps to zero, we could fully realize the correlator processing gain.   In a dispersive channel; however, it is very unlikely that all channel taps are precisely chip aligned.  This leads to a spreading of channel taps into multiple correlator taps.  The resulting correlator tap structure is still relatively sparse though, in the sense that only a few correlator taps will have non-zero values within the total channel delay spread window.  This can be exploited by an adaptive correlator tap thresholding algorithm, which was utilized in the simulated receiver.    

2.2. Simulation Assumptions
The link level simulations were based on single user AMC mode.  All fifteen available spreading codes were used for HSDPA.  

The detailed simulation assumptions are listed in Table 2‑1 below. 

	Parameter
	Value

	Number of Rx antennas
	2

	Interference correlation across Rx antennas
	0

	Receiver max C/I
	20dB

	CPICH power
	10%

	HS-PDSCH power
	80%

	Number of HS-PDSCH codes
	15

	HS-PDSCH modulation
	AMC

	OCNS power
	10%

	OCNS modulation
	QPSK

	Receiver
	Type-3 with decision feedback equalizer

	Channel model
	GSM TU and ITU Ped A

	UE speed
	3km/h

	Channel estimation
	Perfect and imperfect

	Channel estimation delay spread window
	64 chips

	Traffic-to-pilot power ratio estimation
	Yes

	Receiver timing error
	Yes

	CQI estimation error
	Yes

	Number of HARQ instances
	6

	Max number of transmissions
	4

	HS-SCCH decoding errors
	No

	ACK decoding error
	No

	CQI decoding errors
	No

	Ior/Ioc
	10dB, 15dB, 20dB, 25dB


Table 2‑1  Simulation Assumptions
The packet formats used were based on [2] and are listed below for the no-64QAM and 64QAM cases in Table 2‑2  and Table 2‑3, respectively.  
	Index
	Information Bits for 15 Codes
	Single Transmission Rate with 15 Codes (Mbps)
	Modulation Format

	0
	432
	0.216
	QPSK

	1
	576
	0.288
	QPSK

	2
	720
	0.36
	QPSK

	3
	936
	0.468
	QPSK

	4
	1080
	0.54
	QPSK

	5
	1440
	0.72
	QPSK

	6
	1800
	0.9
	QPSK

	7
	2160
	1.08
	QPSK

	8
	2880
	1.44
	QPSK

	9
	3600
	1.8
	QPSK

	10
	4392
	2.2
	QPSK

	11
	5112
	2.56
	QPSK

	12
	6336
	3.17
	QPSK

	13
	7488
	3.74
	QPSK

	14
	8640
	4.32
	QPSK

	15
	9864
	4.93
	16QAM

	16
	11016
	5.51
	16QAM

	17
	12168
	6.08
	16QAM

	18
	13320
	6.66
	16QAM

	19
	14472
	7.24
	16QAM

	20
	18062
	9.03
	16QAM

	21
	19944
	9.97
	16QAM

	22
	21744
	10.9
	16QAM

	23
	23544
	11.8
	16QAM

	24
	25344
	12.7
	16QAM

	25
	27216
	13.6
	16QAM


Table 2‑2   MCS Table for the no-64QAM Case
	Index
	Information Bits for 15 Codes
	Single Transmission Rate with 15 Codes (Mbps)
	Modulation Format

	0
	432
	0.216
	QPSK

	1
	576
	0.288
	QPSK

	2
	720
	0.36
	QPSK

	3
	936
	0.468
	QPSK

	4
	1080
	0.54
	QPSK

	5
	1440
	0.72
	QPSK

	6
	1800
	0.9
	QPSK

	7
	2160
	1.08
	QPSK

	8
	2880
	1.44
	QPSK

	9
	3600
	1.8
	QPSK

	10
	4392
	2.2
	QPSK

	11
	5112
	2.56
	QPSK

	12
	6336
	3.17
	QPSK

	13
	7488
	3.74
	QPSK

	14
	8640
	4.32
	QPSK

	15
	9864
	4.93
	16QAM

	16
	11016
	5.51
	16QAM

	17
	12168
	6.08
	16QAM

	18
	13320
	6.66
	16QAM

	19
	14472
	7.24
	16QAM

	20
	18062
	9.03
	16QAM

	21
	19944
	9.97
	16QAM

	22
	21744
	10.9
	16QAM

	23
	23544
	11.8
	16QAM

	24
	25920
	12.7
	64QAM

	25
	27648
	13.8
	64QAM

	26
	30672
	15.3
	64QAM

	27
	32616
	16.3
	64QAM

	28
	34992
	17.5
	64QAM

	29
	37152
	18.6
	64QAM

	30
	38880
	19.4
	64QAM


Table 2‑3   MCS Table for the 64QAM Case
2.3. Simulation Results

The link-level results are shown in Figure 1 and Figure 2 for the cases of PedA and GSM TU channels, respectively. 
The user throughput value curves were plotted for both the 64QAM and the 16QAM-only cases with both perfect and imperfect channel knowledge.  

The x-axis Effective SNR value, shown in parentheses in the figures, is a representative SNR value we would get assuming a static channel at the given geometry, with a max C/I value of 20dB.  This static Effective SNR value can be calculated as follows: 
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 ,   where SNR_cap = 100 with a max C/I of 20dB.   
[image: image2.emf]Single User AMC Throughput,  max C/I = 20dB, PedA, 3km/h
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Figure 1  Single User AMC Throughput, ITU PedA, max C/I=20dB 
[image: image3.emf]Single User AMC Throughput, max C/I = 20dB, GSM TU, 3km/h
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Figure 2  Single User AMC Throughput, GSM TU, max C/I=20dB
The throughput gain results are summarized in Table 2‑4 and Table 2‑5 below. 
	Effective Ior/Ioc (dB)
	Ior/Ioc (dB)
	64QAM AMC Throughput Gain Perfect Channel (%)
	64QAM AMC Throughput Gain Estimated Channel (%)

	9.6
	10
	0
	0

	13.8
	15
	0
	0

	17
	20
	17
	17.5

	18.8
	25
	33
	31.6


Table 2‑4   Throughput Gain in ITU PedA 3km/h Channel
	Effective Ior/Ioc (dB)
	Ior/Ioc (dB)
	64QAM AMC Throughput Gain Perfect Channel (%)
	64QAM AMC Throughput Gain Estimated Channel (%)

	9.6
	10
	0
	0

	13.8
	15
	0
	0

	17
	20
	24.5
	20.4

	18.8
	25
	35.4
	30


Table 2‑5   Throughput Gain in TU 3km/h Channel
As it can be seen, the single user throughput gain associated with the inclusion of 64QAM modulation is not significantly reduced by channel estimation errors when enhanced channel estimation algorithms are employed. 
3. Conclusion

This contribution shows that improved channel estimation methods enable realizing gains with the inclusion of 64QAM modulation in the downlink.  The maximum achievable gain for single user is 30...35% for both the perfect and realistic channel estimation cases, for both the dispersive GSM TU channel and the less dispersive ITU PedA channel. 

System-level simulation results are provided in [10] about the achievable throughput gain for the high geometry UEs in a multi-user scheduled system.  
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