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HUGE link performance
1. Introduction

In TSG GERAN#31 some initial performance results were shown for 32QAM with 1.2 times higher symbol rate considering different bandwidths of pulse shaping and receiver filters [1] concluding that shaping filter bandwidth equal to symbol rate provides better link performance than narrower bandwidth.
In this contribution, new results are shown for 32QAM and 16QAM with 1.2 times higher symbol rate. Although QPSK with 1.2 times higher symbol rate is not under the scope of the existing HUGE Work Item [2], some results are included to see if HUGE performance at the cell border can be further improved. 
According to performed link level simulations HUGE gain over EDGE may exceed 50% in coverage limited scenario at almost whole cell area. In interference limited DTS-2 scenario the average throughput gain exceeds 50% at whole -2…+30dB C/I1 range. It is shown that all modulations under study: QPSK, 16QAM and 32QAM has significant contribution on link performance. 
2. Simulation and modelling assumptions

2.1 HUGE modulation and burst formats
In the study, the performance of the HUGE with 1.2 times higher symbol rate was compared for 3 modulations. Modulation parameters including evaluated peak to average ratio values are shown in Table 1.

Table 1 Modulation parameters for 1.2 times higher symbol rate
	Parameter
	1.2 x QPSK
	1.2 x 16QAM
	1.2 x 32QAM

	Symbol Rate
	325 000 symbols/s (13 MHz / 40)

	Modulation
	QPSK
	16QAM
	32QAM

	Symbol rotation 
	π/4
	-
	-

	Shaping pulse
	Hanning windowed RRC, bandwidth = 1, roll-off = 0.3, 
length = 5 symbol periods

	Peak to Average Ratio 
	2.0 dB
	5.1 dB
	4.9 dB


Burst format was assumed be about equal with existing burst structure and is illustrated in Table 2.

Table 2 Normal burst format for HUGE
	Length in symbols
	Contents

	4
	Tail bits

	69
	Payload bits

	31
	Training Sequence bits

	69
	Payload bits

	4
	Tail bits

	10.5
	Guard Period


2.2 HUGE modulation and coding schemes
The modulation and coding schemes used for evaluation followed existing EGPRS coding schemes as much as possible to ensure seamless link adaptation and incremental redundancy between HUGE modulations and EGRPS. 
2.2.1 
Header Type coding

Number of bits reserved for header type coding, although which performance were not verified by simulations, were assumed as follows:

· 8 bits for QPSK

· 12 bits 16QAM

· 15 bits for 32QAM
2.2.2 RLC/MAC Header

It was assumed that 1, 2, 3 or 4 RLC blocks per RLC block period to be transmitted and related header types were denoted as H1, H2, H3 and H4 respectively. 
The following assumptions were made for changes on RLC/MAC header related to EGRPRS RLC/MAC headers to enable determining initial coding rates for new MCSs:

· 11 bits per carried RLC block was reserved for Block Sequence Number.

· 3 bits for Coding and Puncturing Schemes was initially reserved for header types H1 and 6 bits for other header types.  
· 10 spare bits for each header type.

All other RLC/MAC header fields were like in EGPRS including 8 parity bits for header. Repetition of up to 2 bits after 1/3 convolution coding was applied to better fit with burst lengths on different modulations. 
Table 3 Header types for HUGE

	Header
 Type
	Number of header bits

	
	R
	SI
	CV
	TFI
	BSN
	CPS
	RSB
	PI
	Spare
	CRC
	Total

	H1
	1
	1
	4
	5
	11
	3
	1
	1
	10
	8
	45

	H2
	1
	1
	4
	5
	22
	6
	1
	1
	10
	8
	59

	H3
	1
	1
	4
	5
	33
	6
	1
	1
	10
	8
	70

	H4
	1
	1
	4
	5
	44
	6
	1
	1
	10
	8
	81


2.2.3 RLC/MAC data blocks
Each RLC data block includes 12 parity and Extension Final Block Indicator bits yielding to 14 additional bits per RLC block. 
Following table summarises parameters assumed for different HUGE modulation and coding schemes used in simulations.
 Table 4 Modulation and coding schemes for HUGE with 1.2x symbol rate
	MCS
	Family
	Header Type
	Modulation
	Data 

FEC
	RLC Blocks 

[Bytes]
	RLC Block

Interleaving

[Bursts]
	Bit rate

[bit/s]

	H2CS-1
	B
	H1
	QPSK
	0.48
	1 x 56
	4
	22 400

	H2CS-2
	A
	H1
	
	0.63
	1 x 74
	4
	29 600

	H4CS-1
	B
	H2
	16QAM
	0.46
	2 x 56
	4
	44 800

	H4CS-2
	A
	H2
	
	0.60
	2 x 74
	4
	59 200

	H4CS-3
	B
	H3
	
	0.70
	3 x 56
	4
	67 200

	H4CS-4
	B
	H4
	
	0.95
	4 x 56
	1
	89 600

	H5CS-1
	B
	H2
	32QAM
	0.36
	2 x 56
	4
	44 800

	H5CS-2
	A
	H2
	
	0.47
	2 x 74
	4
	59 200

	H5CS-3
	B
	H4
	
	0.74
	4 x 56
	4
	89 600

	H5CS-4
	A
	H4
	
	0.89
	4 x 68
	1
	108 800

	H5CS-5
	A
	H4
	
	0.97
	4 x 74
	1
	118 400


2.3 Simulation scenarios

Sensitivity and interference performance was evaluated for HUGE modulation and coding schemes shown in Table 4. For interference performance, the DTS-2 model was used to represent interference environment of a typical interference limited network with multiple synchronous co- and adjacent channel interferers. RF impairments as given in [1] were included for both scenarios. 
To evaluate throughput performance in a coverage limited scenario the following assumptions were used in simulations:

· Level of 5th percentile coverage with diversity is at 4 dB SNR (B=270kHz)
· 4 dB body loss is not applied for data, but for voice
· Path loss attenuation is relative to r3.67 

· Back-offs for different modulations: 

· EDGE 8PSK

4dB

· QPSK 

2dB
· 16QAM and 32QAM 
6dB
· Multislot Power Class 0 for 4 slots was applied with 6dB reduction, thus differences in back-offs above has no impact.
3. Results
3.1 Sensitivity performance
Sensitivity performance, throughput versus SNR (B=270 kHz) for different HUGE modulations is shown in Figure 1. The throughput and gain versus coverage area are shown in Figure 2 and Figure 3 respectively. 
All three modulations under interest seem to have significant contribution on performance. When sensitivity results are mapped with cell SNR distribution as shown in Figure 3, 16QAM seems to excel in a middle area, QPSK at lowest quarter and 32QAM at highest quarter of the cell area. 
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Figure 1 Throughput versus SNR (B=270 kHz)
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Figure 2 Throughput versus cell coverage with 4 slots
HUGE seems to offer 200 kbps median throughput with 4 slots in a coverage limited scenario. 
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Figure 3 Gain versus cell coverage with 4 slots

3.2 Interference performance
Throughput of modulations in DTS-2 interference scenario versus C/I1 is shown in Figure 4 and relative gain over EGPRS in Figure 5. 
It can be seen that relative throughput gain exceeds 50% over the whole C/I1 range and that QPSK can about double the throughput at 0 dB C/I1. 
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Figure 4 Throughput versus C/I1 at DTS-2 (TU3 iFH)
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Figure 5 Gain of HUGE compared to EDGE versus C/I1 at DTS-2

4. Conclusion

In this contribution, the following conclusions were noted:

· It seems that HUGE may benefit at cell border from introduction of QPSK and with that all three modulations should have significant contribution on performance.
· Throughput gain of HUGE exceeds 50% almost at whole cell area in coverage limited scenario with 4 slots and multislot profile 0. 

· Throughput gain of HUGE at DTS-2 interference scenario seems to exceed 50% over the whole C/I1 range.
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