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1. Introduction
There have been extensive studies on GERAN uplink evolution, after the feasibility study report of [3].  This contribution provides some link simulation results of HUGE, following the work items [1] and working assumptions [2].  The performance gain of HUGE over legacy EDGE is investigated.  We also investigate the performance of turbo codes for HUGE.  
2. MCS Levels and Simulation Assumptions
In our simulations we use the MCS definitions shown in Table 1 and Table 2, for LSR and HSR, respectively.  For LSR, we use EDGE header size of 168 for MCS7-9, and 164 for MCS10-11.  For HSR, we use either 200 or 198 header size.  Note that these assumptions are different from [4] and [5].  These minor different won’t affect the link performance.
Table 1   MCS for LSR

	 
	MCS7
	MCS8
	MCS9
	MCS7-16QAM
	MCS8-16QAM
	MCS9-16QAM
	MCS10-16QAM
	MCS11-16QAM

	Payload size
	448
	544
	592
	448
	544
	592
	448
	544

	Overhead bits
	2
	2
	2
	2
	2
	2
	2
	2

	CRC bits
	12
	12
	12
	12
	12
	12
	12
	12

	Conv tail bits
	6
	6
	6
	6
	6
	6
	6
	6

	Turbo tail bits
	4
	4
	4
	4
	4
	4
	4
	4

	Data block size (Conv)
	468
	564
	612
	468
	564
	612
	468
	564

	Data block size (Turbo)
	466
	562
	610
	466
	562
	610
	466
	562

	# Data Blocks per Frame
	2
	2
	2
	2
	2
	2
	3
	3

	SF+Header Size
	168
	168
	168
	168
	168
	168
	164
	164

	Frame size (bits)
	1392
	1392
	1392
	1856
	1856
	1856
	1856
	1856

	Data bits per frame 
	1224
	1224
	1224
	1688
	1688
	1688
	1692
	1692

	 
	 
	 
	 
	 
	 
	 
	 
	 

	#Punctured (conv)
	1584
	2160
	2448
	1120
	1696
	1984
	2520
	3384

	#Punctured (turbo)
	1572
	2148
	2436
	1108
	1684
	1972
	2502
	3366

	 
	 
	 
	 
	 
	 
	 
	 
	 

	Code Rate (conv)
	0.76
	0.92
	1.00
	0.55
	0.67
	0.73
	0.83
	1.00

	Code Rate (turbo)
	0.76
	0.92
	1.00
	0.55
	0.67
	0.72
	0.83
	1.00


Table 2   MCS for HSR 16QAM

	 
	HMCS7-16QAM
	HMCS8-16QAM
	HMCS9-16QAM
	HMCS10-16QAM
	HMCS11-16QAM
	HMCS12-16QAM

	Payload size
	448
	544
	592
	448
	544
	592

	Overhead bits
	2
	2
	2
	2
	2
	2

	CRC bits
	12
	12
	12
	12
	12
	12

	Conv tail bits
	6
	6
	6
	6
	6
	6

	Turbo tail bits
	4
	4
	4
	4
	4
	4

	Data block size (Conv)
	468
	564
	612
	468
	564
	612

	Data block size (Turbo)
	466
	562
	610
	466
	562
	610

	# Data Blocks per Frame
	2
	2
	2
	3
	3
	3

	SF+Header Size
	200
	200
	200
	198
	198
	198

	Frame size (bits)
	2208
	2208
	2208
	2208
	2208
	2208

	Data bits per frame 
	2008
	2008
	2008
	2010
	2010
	2010

	 
	 
	 
	 
	 
	 
	 

	#Punctured (conv)
	800
	1376
	1664
	2202
	3066
	3498

	#Punctured (turbo)
	788
	1364
	1652
	2184
	3048
	3480

	 
	 
	 
	 
	 
	 
	 

	Code Rate (conv)
	0.47
	0.56
	0.61
	0.70
	0.84
	0.91

	Code Rate (turbo)
	0.46
	0.56
	0.61
	0.70
	0.84
	0.91


The simulation assumptions are listed in Table 3.  We use Rx2 diversity scenario based on [2].  
Table 3   Simulation Assumptions

	Parameter
	Value

	Channel Profile and Speed
	TU3

	Frequency Hopping
	noFH, iFH

	Frequency Band
	900MHz

	Interference
	Co-channel

	Antenna Diversity
	Rx2 (w/ MRC)

	Equalizer
	RSSE-DFE

	Tx pulse shaping filter
	Linearized GMSK

	MCS
	(shown in Table 1 and Table 2)

	Simulation Length
	10000 radio blocks per point


3. Simulation Results

3.1. HUGE-A

Figure 1 and Figure 3 illustrate the link performance of HUGE-A for TU3-noFH and TU3-iFH, respectively.  Compared with the legacy EDGE, HUGE-A has at least 1-2dB gain with the same data throughput.  
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Figure 1   BLER Comparison of HUGE-A and EDGE 8PSK: Rx2, TU3-noFH
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Figure 2   Throughput of HUGE A and EDGE: Rx2, TU3-noFH
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Figure 3   BLER Comparison of LSR 16QAM and EDGE-8PSK: Rx2, TU3-iFH
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Figure 4  Throughput of HUGE-A and EDGE-8PSK


Although the turbo code is not included in HUGE-A in [2], it would be interesting to investigate its performance.  Figure 5 shows the BLER comparison between convolutional coded (as in [2]) and turbo coded scenarios.  It clearly shows that turbo codes outperform CCs by: ~1dB for MCS7, ~0.8dB for MCS8, and ~0.6dB for MCS10.  Note that the code rate for MCS10-16QAM is as high as 0.83.  
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Figure 5   BLER Comparison of CC coded and Turbo coded 16QAM: Rx2, TU3-iFH
3.2. HUGE-B/C with 16QAM
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Figure 6   BLER Comparison between HSR 16QAM and EDGE 8PSK: Rx2, TU3-iFH
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Figure 7   Throughput of HSR 16QAM


Figure 6 illustrates the convolutional coded HSR 16QAM and EDGE performance.  The throughput of HSR 16QAM is shown in Figure 7.  Figure 8 shows the throughput summary of EDGE, HUGE-A, and HSR-16QAM.
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Figure 8   Throughput Comparison between EDGE, HUGE-A, and HSR 16QAM

Another aspect for HSR 16QAM is turbo codes.  The comparison between turbo coded and CC coded HSR 16QAM is shown in Figure 9.  The dB gain of turbo codes over CC is summarized in Table 4, which indicates 0.5dB~1.3dB gain for turbo codes.
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Figure 9   BLER of HSR 16QAM: Rx2, TU3-iFH
Table 4   Turbo Codes Gains Over CC: Rx2, TU3-iFH

	MCS
	Gains of TC over CC

	HMCS7
	1.3dB

	HMCS8
	1.1dB

	HMCS10
	0.6dB

	HMCS12
	0.5dB


4. Conclusions
Link simulation results of HUGE are presented in this contribution.  Based on the simulation results, we conclude that: 
· With Rx2 diversity and FH, HUGE-A and HSR 16QAM can achieve useful throughput gain over legacy EDGE.  However, without FH, the gain of HUGE-A appears relatively small.

· Turbo codes provides significant gain over convolutional codes for both HUGE-A and HSR 16QAM.  Also, given that non-FH deployments need to be supported, it is recommended to include turbo codes with both LSR and HSR variants of HUGE.
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