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1. Introduction
The feasibility and performance impact of 64QAM modulation in the HSDPA network were extensively investigated in 2001 RAN1 and RAN plenary studies [1-5]. However, with the introduction of several new reference receivers in WG4 since 2001, recently there has been renewed interest in understanding the performance and impact of the 64QAM modulation in HSDPA.  The new reference receivers currently accepted by WG4 include:  (a) Type-1: dual-port RAKE diversity receiver; (b) Type-2: 1-port LMMSE receiver; (c) Type-3: dual-port LMMSE receiver with inter-cell interference modelled as white noise. In addition to these reference receivers, another reference receiver currently under investigation is the Type-3i receiver (e.g. see [7]), which is also a dual-port LMMSE receiver, but differs from Type-3 receiver in that the spatio-temporal correlation structure of inter-cell interference from other cells is explicitly modelled. 
This contribution provides link and system simulation results on the performance impact of the introducing 64QAM to the current HSDPA system. Given the SINR requirement for 64-QAM, and to maximise the opportunity to re-visit assumptions not applicable at the time of the original WG1 work on HSDPA, we focus on the behaviour of the dual-port Type-3 and Type-3i receivers, while taking into account the impact of Node-B and UE impairments such as EVM, phase noise, ADC quantization error, etc.   We also show that the UE channel estimation error plays a significant role in 64QAM performance assessment. 
2. Impairments and Channel-Estimation Error
Both UE and Node-B are subject to both RF and non-RF impairments, and the total link SINR limit is a result of the cumulative impact of those various UE and Node-B impairments.  At the Node-B side, EVM (Error Vector Magnitude) is used to describe the combined distortion due to transceiver impairments (DAC quantization effects, phase noise, clipping etc.) and the non-linearity of the power amplifier. The Node-B EVM specification for respective Rel-99 QPSK and HSDPA 16-QAM downlinks is shown in Table 1. Although any EVM requirement for 64QAM is of course not yet specified in 3GPP, it is reasonable to assume at least a lower bound of 12.5% (or 18.1 dB) given the HSDPA value applicable to 16-QAM. 
	3GPP TS 25.104

	Modulation
	Code Rate
	EVM (%)
	SNR (dB)

	QPSK
	N/A
	17.5
	15.1

	
	
	
	

	16-QAM
	N/A
	12.5
	18.0618


Table 1:  Node-B transmitter EVM.
We show in Table 2 both the upper and lower bound of the concatenated link SNR used in our study. As discussed above, the upper bound transmitter (Tx) EVM of 25dB exceeds the current specification but is included here to provide a reasonable ‘best case’ Tx EVM assumption for a device class of order 43dBm.  The other assumptions of Table 1 concerning the receiver parameter values are of course illustrative examples only but serve to establish a range of achievable UE and hence link SINR values. Henceforth, in the link and network simulations of this contribution, we assumed an SINR limit of 20dB, which is in between the upper and lower bounds shown in the table.  Note that the upper bound refers to the ‘best-case’ scenario and the lower bound refers to the ‘worst-case’ scenario.
	SNR Limit Source
	Upper Bound (dB)
	Lower Bound (dB)

	Tx EVM SNR
	25.0
	18.1

	ADC Quantization Noise
	50.0
	20.0

	Phase Noise
	40.0
	30.0

	Quadrature Imbalance
	40.0
	30.0

	Doppler & Freq. Tracking Error
	30.0
	20.0

	Adjacent Channel Ingress
	50.0
	45.0

	Total Concatenated SINR Limit
	23.6
	14.3


Table 2: Total concatenated link SNR budget -- upper and lower bounds. 
We now turn our attention to the modeling of channel estimation errors for the Type-3 and Type-3i receivers. For ease of analysis, we assume a simple ‘sliding window’ correlator-based channel estimator. Meanwhile, we assume that the channel estimation is truncated to the actual channel length – in another word, we know exactly where the multipath channel impulse response begins and ends. This is a slightly optimistic assumption, as timing errors in multipath tracking will incur additional performance loss in a practical receiver. Given the current CPICH and scrambling code configuration at Node-Bs, the channel estimation error of each channel tap is given by
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where L is the total number of channel taps,  N is the length of correlation window in chips, 
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 is the CPICH power (with a typical value of 10%) and 
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includes the impact of both thermal noise and other cell interferences. Note that the Node-B power is normalized to be 1 in all equations.  Furthermore, the sum of channel estimation error is
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Note that in the above equations the ideal channel values are replaced by estimated channel values in practice. Finally, this sum error is included in the Type-3 LMMSE receiver as follows (note that the inclusion of channel estimation error to the Type-3i receiver is very similar).
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In general, in order to keep the channel estimator robust against Doppler fading effects, the typical value of the correlator length N is around 10 CPCIH symbols, or 2560 chips. However, in our simulations we focus on the low-speed scenario where the mobile speed is 3km/h, and we have chosen a longer correlator length of 15 CPICH  symbols, or 3840 chips, to take advantage of the longer coherence time of this low-speed channel. In the meantime, we assume the LMMSE filter has 30 taps assigned to each UE antenna. In the case of a Type-3 or Type-3i dual port receiver, there are a total of 60 LMMSE filter taps. 
3. Link Simulation Results
Table 3 lists the link simulation assumptions used in our study.
	Parameter
	Value

	Number of Rx Antennas
	2

	CPICH power
	10%

	Other common and shared channel power
	20%

	HS-PDSCH power
	70%

	Channel estimation
	Sliding window correlator

	Correlator Length N
	3840 chips/ 15 CPICH symbols

	Channel model
	GSM TU (6-ray) and ITU Ped A

	Receiver
	WG4 Type-3 

	UE SINR limit
	20 dB

	Mobile speed

	3km/h

	Carrier frequency
	2 GHz

	Equalizer filter taps
	30 taps  for each  UE antenna


Table 3: Link simulation assumptions.
The average post-equalizer SNR is plotted against geometry in Figure 1. Results for both ideal channel estimation (ICE) and practical channel estimation (PCE) are included. It is observed that for the Ped-A channel, the loss due to channel estimation error is relatively small, mainly due to the lack of multi-path in the Ped-A channel. On the other hand, for the TU channel that is rich in multi-path, the post-equalizer SINR starts to saturate at around Ior/Ioc=15dB. At high geometry, the gap between the ICE and PCE in average post-equalizer SINR can be as high as 3-5dB in the medium-high geometry region for the TU channel.  Since higher order modulation such as 64QAM typically operates at high post-equalizer SINR’s, this loss of SINR due to PCE at high geometry indicates that benefit of introducing 64QAM may be limited.  This intuition is verified with system-level simulation results in the next section.

[image: image6.emf]-5 0 5 10 15 20

-2

0

2

4

6

8

10

12

14

16

Ior/Ioc (dB)

Average Post-LMMSE SINR (dB)

Post-equalizer SINR for type-3 receiver

ICE, TU 3km/h

PCE, TU 3km/h

ICE, Ped A 3km/h

PCE, Ped A 3km/h


Figure 1: Average post-equalizer SINR as a function of geometry Ior/Ioc.
4. System-level Simulation Results
The impact of 64QAM in HSDPA is assessed using network simulation parameters (Appendix B) based loosely on the EUTRA Case 3 network performance evaluation criteria [6]. The CDF of user throughput is  plotted in Figure 2 while the sector throughput and 5% user throughput is collected in Table 4. We assume best-effort traffic in the simulation, and a proportional fair scheduler is designed to balance the sector throughput and the cell-edge (5%) user throughput.  An additional TDM constraint is imposed in the simulations so that at each TTI, only one user is scheduled. Although the user throughputs can be further improved with the introduction of CDM, we note that the TDM assumption is adequate since our focus here is to show the relative performance benefit, if any, of introducing 64QAM modulation into the HSDPA system.   Finally, we note that a Type-3i receiver similar to that of [7] is used in obtaining these system-level results. 
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Figure 2: System-level results for 64QAM performance evaluation in TU channel. Note that the green and black curves almost completely overlap and the black curve is not visible. 
	 
	Sector Throughput (Mbps)
	5 Percentile    User Throughput (Kbps)

	ICE, No-impairment,

64QAM
	6.21
	90.3

	ICE, No-impairment, No 64QAM
	5.64
	91.0

	PCE, impairment,

64QAM
	4.11
	90.7

	PCE, impairment,

No 64QAM
	4.11
	90.7


Table 4: Sector throughput and 5% user throughput.
It is observed that in the absence of channel estimator error and other impairments, the introduction of 64QAM improves the throughput of the top 15% users (with best geometry and SINR),   while having little impact on the remaining 85% users. Even with these ideal assumptions, the increase in sector throughput is around 10% compared to the legacy system without 64QAM.  Furthermore, these modest gains completely vanish once the impact of PCE and other impairments are taken into account.  
5. Conclusion
We evaluated the performance impact of 64QAM modulation in HSDPA assuming Type-3 and Type-3i UE receivers, which are recently introduced in RAN4. It is observed from our study that with Type-3 UE receivers, the link-level performance of HSDPA is significantly impacted by impairments and channel estimation error, especially in the high geometry region where 64QAM is likely to operate if introduced.  On the other hand, our initial finding from system-level simulation is that with Type-3i UE receivers,  introducing 64QAM to the HSDPA system results in a modest 10% gain in sector throughput, under the ideal assumptions of no channel estimation error and no impairments.  Furthermore, these modest throughput gains in sector throughput completely vanish, once we take into account the practical channel estimation error, as well as Node-B and UE impairments.  However, we note that these system-level results are obtained assuming a simplified TDM scheduler with best effort traffic, and that further simulations are needed to assess the performance with CDM scheduling and other types of traffics.
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7. Appendix B – System Simulation Parameters
	Parameter
	Units
	Value
	Comment

	Number of Rings
	Rings
	2
	

	Total # Cell Sites
	Sites
	19
	

	Sectors (cells) per site
	Sectors
	3
	

	Carrier Frequency 
	MHz
	2000
	

	Inter-site Distance (ISD)
	m
	1732
	Cell radius = 1000m

	BS Antenna Gain & Cable Loss
	dBi
	14.0
	

	Sector Antenna Gain
	dB
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 is angle w.r.t. antenna bore sight. 
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 is 3dB antenna beam width.

	BS Front-Back Ratio (
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A

)
	dB
	20.0
	

	Sector Antenna 3dB Beamwidth
	degs
	70.0
	

	Path Loss Model
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	UMTS 30.03, Section B.1.4.1.3

	Penetration Loss
	dB
	20
	

	BTS Output Power
	dBm
	43.0
	

	MS Noise Figure
	dB
	9.0
	

	Shadowing Lognormal Standard Dev.
	dB
	8.0
	

	Shadowing Inter-site Correl. Coeff.
	
	0.5
	

	Shadowing Intra-site Correl. Coeff.
	
	1.0
	

	Power Control
	
	Disabled
	Maximum power radiated continuously per cell.

	Channel Type
	
	TU 6 path
	

	Receiver
	
	Type-3i
	

	UE SINR limit
	
	20 dB
	

	UE Channel Estimator
	
	Sliding-window correlator
	

	Correlator Length
	
	15 CPICH symbols
	3840 chips

	Scheduler
	
	Proportional Fair
	

	Multiplexing
	
	TDM 
	Only one user scheduled per TTI

	Traffic Model
	
	Best effort 
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