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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. And FDD has already introduced 64QAM in its R7 specifications [2] [3] [4] [5].
At RAN#37, "Scope of future HSPA Evolution for 1.28Mcps TDD" was approved as a new study item (SI) in RP-070748 and the aim of the SI is to achieve reduced latency, higher user data rates, improved system capacity and coverage and reduced cost for the operator while maintaining the highest possible level of backward compatibility in HSPA based network.
This report presents HSDPA link-level and system-level simulation results of 64QAM for 1.28Mcps TDD system with low and high dispersion channels. 
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, just like Ericsson did in [6] for FDD system. 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 MMSE-BLE receiver 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 and timeslots employed. Throughout, we will assume that 3 timeslots are available and 16 HS-PDSCH codes at spreading factor 16 per timeslot, and all timeslots and codes will be used by the UE. The simulation parameters are summarized in Table 1.

Table 1. Simulation parameters
	Parameter
	Assumption

	Number Carrier
	1

	Number timeslots
	3

	Number HS-PDSCH codes per timeslot
	16

	Spreading factor
	16

	Receiver
	1 Rx Antenna, MMSE-BLE 

	Channel estimation
	Zero Forcing + Post Processing

	Channel model
	AWGN, Pedestrian A/B, and Vehicular A ‎[7]

	UE speeds of interest
	0km/h, 3km/h, 30km/h

	EVM model
	none


Figures 1 to 4 show average throughput versus Ior/Ioc for AWGN, Pedestrian A/B, and Vehicular A channels, respectively. 
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Figure 1. Average throughput for AWGN channel.
For AWGN channel, the maximum rates of 2.5Mb/s and 1.68Mb/s are apparent in the clipping of the 64QAM-inclusive and the current non-64QAM cases. We note that when Ec/No increased to 18dB and above, the 64QAM inclusive case will have the throughput gain than non-64QAM case.  
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Figure 2. Average throughput for Pedestrian A channel with 3km/h UE velocity. 
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Figure 3. Average throughput for Pedestrian B channel with 3km/h UE velocity.
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Figure 4. Average throughput for Vehicular A channel with 30km/h UE velocity.

For different fading channels, current non-64QAM case will achieve the maximum throughput of 1.6 Mb/s. But the 64QAM-inclusive case can only achieve its maximum throughput of 2.5Mb/s for PA3 channel, while a reduced 2.3Mb/s for PB3 channel and 2.0Mb/s for VA30 channel. The more dispersive of the fading channel, the worse symbol SNR we will get in the receiver, which leads to a significant reduction in throughput performance. However, even for the high dispersive VA30 channel, 64QAM will introduce about a 25% throughput increase. 
Actually, the throughput performance list above is achieved by employing one HSDPA carrier with 3 full-codes HS-PDSCH timeslots (altogether 3*16=48 codes). Much higher HS-DSCH throughput can be achieved when we employ more carriers and timeslots.
3. System-level study of 64QAM in downlink

3.1. Indoor Micro-Cell Scenario
The simulation scenario is showed as figure 5 and the simulation parameters are summarized in Table 2.
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Figure 5. Indoor simulation scenario.

Table 2. Indoor Simulation parameters
	Parameter
	Assumption

	Cellular Layout
	3 Indoor cells in the middle of interest + 6 surrounding outdoor cell sites (3 sectors per site) as interference. (Fig. 1)

	RRU ports per Indoor cell
	4

	Indoor Floors of coverage per RRU port
	3

	Ceiling Mount Antennas per Floor
	9

	Indoor Building (Floor) Size
	50m×50m 

	  Tx Carrier Power per RRU Port
	25.2dBm

	Max Tx power of Ceiling Mount Antenna
	9dBm

	Ceiling Mount Antenna Gain
	3dBi

	Indoor MCL
	39dB

	Indoor FAF
	21dB

	Channel model
	Single Path of Rayleigh Fading 

	UE speeds of interest
	0.2km/h Indoor

	Indoor Shadowing standard deviation
	8 dB

	Outdoor ISD
	200m

	Outdoor BS Tx power per Carrier
	34dBm

	Outdoor BS antenna gain
	15dBi

	Penetration Loss
	20 dB

	Feeder Loss
	1dB

	Outdoor MCL
	70dB

	UE antenna gain
	0 dB

	UE noise figure
	8 dB

	HS-PDSCH Carrier/TS/Code Configuration
	1carrier×3TS×16codes

	Scheduler
	Proportional Fair


Figure 6 shows the indoor simulation results.
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Figure 6. Indoor simulation results.
In the indoor micro-cell scenario, the opportunities of using 64QAM are more because the UE received SNR is higher. The cell throughput can be improved effectively by using 64QAM from the indoor simulation results.
3.2. Outdoor Macro-Cell Scenario
The simulation parameters are summarized in Table 3.
Table 3. Outdoor Simulation parameters
	Parameter
	Assumption

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

	Inter-site distance (ISD)
	645 meters

	Shadowing standard deviation
	6 dB 
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	Shadowing correlation
	Between cells
	0.5

	
	Between sectors
	1.0

	BS antenna gain
	15dBi

	Penetration Loss  
	20 dB

	Feeder Loss
	1dB

	Channel model
	Typical Dense Urban, Single Path of Rayleigh Fading 

	UE speeds of interest
	3 km/h 

	Total BS TX power per Carrier
	34 dBm

	Average BS TX power surrounding cells
	Scenario dependent  (Pavg)

	UE noise figure
	8 dB

	UE antenna gain
	0 dB

	HS-PDSCH Carrier/TS/Code Configuration
	1carrier×3TS×16codes

	Fast Fading Model
	Rayleigh

	Scheduler
	Proportional Fair


Figure 7 shows the outdoor simulation results.
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Figure 7. Outdoor simulation results.

64QAM can not give significant improvements for the cell throughput in outdoor scenarios from the simulation results. Furthermore the cell throughput improvements of using 64QAM are also limited by reducing interference power from neighboring cell.
4. Conclusions

This contribution has shown the benefits of introducing 64QAM modulation in the link-level downlink of 1.28Mcps TDD system. Employing one HSDPA carrier with 3 full-codes HS-PDSCH timeslots, 64QAM will bring an increased maximum throughput of 2.5Mb/s can be achieved for PA3 channel, while 2.3Mb/s for PB3 channel and 2.0Mb/s for VA30 channel, comparing to the current 1.68Mb/s throughput without 64QAM. From the system-level simulation the cell throughput can be improved effectively by using 64QAM in the indoor micro-cell scenarios. So we suggest a corresponding work item be started at RAN#38.
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6. Appendix

The MCS tables employed in the simulation are shown below, including the modulation format, channel coding rate, and the information rate in a single stream downlink signal. The number of information bits per channel use (symbol) can be inferred from the channel coding rate. 
The following table was used for the case where 64QAM was included as a modulation choice:
	Symbol 
SNR [dB]
	MF
	CR
	Example Info
 Rate [Mb/s]

	0.3000
	QPSK
	0.35
	0.2928

	0.6500
	QPSK
	0.37
	0.3128

	0.9600
	QPSK
	0.40
	0.3340

	1.2900
	QPSK
	0.42
	0.3568

	1.6600
	QPSK
	0.45
	0.3808

	2.0000
	QPSK
	0.48
	0.4068

	2.3800
	QPSK
	0.51
	0.4344

	2.7500
	QPSK
	0.55
	0.4640

	3.5500
	QPSK
	0.59
	0.4952

	3.9500
	QPSK
	0.63
	0.5288

	4.2300
	QPSK
	0.67
	0.5648

	4.6800
	QPSK
	0.71
	0.6032

	5.8700
	16QAM
	0.38
	0.6440

	6.2700
	16QAM
	0.41
	0.6876

	6.6800
	16QAM
	0.44
	0.7344

	7.1500
	16QAM
	0.47
	0.7844

	7.5100
	16QAM
	0.50
	0.8376

	8.1100
	16QAM
	0.53
	0.8944

	8.6400
	16QAM
	0.57
	0.9552

	9.1900
	16QAM
	0.60
	1.0200

	9.8700
	16QAM
	0.64
	1.0892

	10.3900
	16QAM
	0.69
	1.1632

	11.0600
	16QAM
	0.74
	1.2420

	12.0500
	16QAM
	0.79
	1.3264

	12.6900
	16QAM
	0.84
	1.4164

	13.5200
	64QAM
	0.6
	1.5108

	14.5900
	64QAM
	0.65
	1.6376

	15.4600
	64QAM
	0.7
	1.7644

	16.3900
	64QAM
	0.75
	1.8912

	17.2200
	64QAM
	0.8
	2.0176

	18.3400
	64QAM
	0.85
	2.1444

	19.4700
	64QAM
	0.9
	2.2712

	20.8500
	64QAM
	0.95
	2.3980

	24.7600
	64QAM
	0.99
	2.5220


The following is the MCS table used to represent current non-64QAM case, which only includes QPSK and 16 QAM:
	Symbol 
SNR [dB]
	MF
	CR
	Example Info
 Rate [Mb/s]

	0.2973
	QPSK
	0.35
	0.2928

	0.6503
	QPSK
	0.37
	0.3128

	0.961
	QPSK
	0.40
	0.3340

	1.2856
	QPSK
	0.42
	0.3568

	1.6638
	QPSK
	0.45
	0.3808

	2.0049
	QPSK
	0.48
	0.4068

	2.377
	QPSK
	0.51
	0.4344

	2.7541
	QPSK
	0.55
	0.4640

	3.5544
	QPSK
	0.59
	0.4952

	3.9544
	QPSK
	0.63
	0.5288

	4.2258
	QPSK
	0.67
	0.5648

	4.6807
	QPSK
	0.71
	0.6032

	5.8715
	16QAM
	0.38
	0.6440

	6.2672
	16QAM
	0.41
	0.6876

	6.6794
	16QAM
	0.43
	0.7344

	7.1468
	16QAM
	0.47
	0.7844

	7.5143
	16QAM
	0.50
	0.8376

	8.1149
	16QAM
	0.53
	0.8944

	8.6444
	16QAM
	0.57
	0.9552

	9.1927
	16QAM
	0.60
	1.0200

	9.8713
	16QAM
	0.64
	1.0892

	10.3867
	16QAM
	0.69
	1.1632

	11.0638
	16QAM
	0.74
	1.2420

	12.0548
	16QAM
	0.79
	1.3264

	12.6859
	16QAM
	0.84
	1.4164

	13.6591
	16QAM
	0.90
	1.5124

	15.2615
	16QAM
	0.96
	1.6148
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