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Evaluation of QPSK and 8PSK with high symbol rate
1 Introduction

In GERAN#33 results were shown from Nokia where QPSK modulation had been used with increased symbol rate to improve coverage for the HUGE WI, see ‎[1]. At the meeting questions were raised if not 8PSK could be used with a lower code rate than today. With 8PSK no additional modulation constellation would need to be defined.
In this document the performance of 8PSK and QPSK, both used with 1.2X symbol rate, is investigated and compared in terms of coverage.

The simulations are based on the working assumptions agreed at GERAN#33, see ‎[2].
2 Physical layer
2.1.1 Rotation
The choice of rotation for the symbol constellations have been based on ‎[2].
Table 1. Rotation angles.

	Modulation 
	Rotation

	QPSK-R*
	3π/4

	8PSK-R*
	3π/8













* R denotes that 1.2X symbol rate is used.
2.1.2 Transmit pulse shaping
The transmit pulse used in the simulations have been a Hanning windowed root raised cosine, RRC, with a rolloff of 0.3. The pulses are matched at the transmitter and the receiver. Two different bandwidths have been considered: 240 kHz and 325 kHz.
2.1.3 Peak-to-Average

The Peak-to-Average, PAR, of the respective modulation will be dependent on the shape of the pulse used, the rotation of the symbol constellation and the symbol duration. In Table 2 the PAR for the investigated settings are summarized.
Table 2. PAR for Hanning windowed RRC pulse with rolloff 0.3 at 1.2X symbol rate.

	Modulation
	Bandwidth [kHz]
	PAR [dB]

	QPSK-R
	240
	2.6

	8PSK-R
	240
	3.2

	QPSK-R
	325
	1.7

	8PSK-R
	325
	2.1


2.2 Burst format
The field lengths for RED HOT B have been chosen to make the tails, training sequence and guard period have the same length, or longer (measured in seconds), as for the normal burst at legacy symbol rate
.
Table 3. Burst format.

	Field
	RED HOT B / HUGE B/C

	
	Size (symbols)
	Size (μs)

	Tail (left)
	4
	160/13

	Encrypted bits (left)
	69
	2760/13

	Training sequence
	31
	1240/13

	Encrypted bits (right)
	69
	2760/13

	Tail (right)
	4
	160/13

	Guard
	10.5
	420/13

	Sum
	187.5
	7500/13


The number of bits per radio block available for “encrypted bits” follows from 
Table 3
, and is summarised in Table 4.
Table 4. Bits per radio block.

	Modulation 
	RED HOT B / HUGE B/C

	QPSK-R
	1104

	8PSK-R
	1656


2.3 Channel coding
Three different MCSs have been considered in the simulations: MCS-3/4/5. The MCS structures are shown in Table 5.
Table 5. MCS definitions.
	MCS
	Payload [bytes]
	User data rate [kbps]
	Data code rate
	Header code rate
	USF bits coded
	Stealing bits uncoded/coded

	3-QPSK-R
	1 x 37
	8.8
	0.33
	0.26
	24
	1/8

	4-QPSK-R
	1 x 44
	11.2
	0.39
	0.26
	24
	1/8

	5-QPSK-R
	1 x 56
	14.8
	0.47
	0.40
	24
	1/8

	3-8PSK-R
	1 x 37
	17.6
	0.22
	0.17
	36
	1/12

	4-8PSK-R
	1 x 44
	22.4
	0.26
	0.17
	36
	1/12

	5-8PSK-R
	1 x 56
	29.6
	0.31
	0.27
	36
	1/12


3 Performance

In this section, the link performance of RED HOT B is evaluated. The different transmit pulse shaping filters described in ‎2.1.2 are evaluated. The performance of MCSs for EGPRS is shown as reference. 
3.1 Simulation assumptions

Simulation parameters are summarised in Table 6.

Table 6. Link simulation assumptions
	Parameter
	Value

	Channel profile
	Typical Urban (TU)

	Terminal speed
	3 km/h

	Frequency band
	900 MHz

	Frequency hopping
	Ideal

	Interference/noise
	AWGN

	Antenna diversity
	No diversity

	Equalizer
States

    QPSK-R

8PSK-R
	DFSE

16 (i.e., 64 transitions), 3 MLSE taps
8 (i.e., 64 transitions), 2 MLSE taps

	Tx pulse shape

Rolloff


Length


Design bandwith (see 
note 1)
	Hanning windowed RRC

0.3

5 symbols

240 kHz or 325 kHz

	Rx filter
	Matched to Tx pulse

	Impairments:

– Phase noise

– I/Q gain imbalance

–I/Q phase imbalance

– DC offset

– Frequency error

– PA model
	Tx / Rx

0.8 / 1.0   [degrees (RMS)]

0.1 / 0.2   [dB]

0.2 / 1.5   [degrees]

-45 / -40  [dBc]

  -   / 25   [Hz]

Yes/   -

	Simulation length
	8000 radio blocks per simulation point

	Note 1: The 3 dB bandwidth of the RRC filter before windowing.


3.2 Results

Figure 1 shows throughput (with ideal link adaptation
) of QPSK-R and 8PSK-R using two different transmit pulse shapes. EGPRS is shown as reference. In the figure the PA back off has been taken into account, based on Table 2.
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Figure 1. Throughput for RED HOT B.
3.3 Discussion

It can be seen that the performance of both 8PSK-R and QPSK-R are strongly dependent on the Tx filter bandwidth. Also the PAR is dependent on the pulse shape and differ approx. 1 dB comparing a 240 kHz and 325 kHz wide pulse, see Table 2. 

QPSK-R seems to have an additional gain compared to 8PSK-R of around 1.5-2.5 dB. Thus, QPSK-R, with a lower PAR, improves performance more than increasing the coding using 8PSK. Worth noting is that EDGE with GMSK is superior to 8PSK-R with increased symbol rate and 240 kHz pulse shape.
4 Conclusion
From link level simulations it has been seen that using QPSK with 1.2X symbol rate will improve performance in sensitivity limited scenarios compared to using 8PSK with 1.2X symbol rate and a more robust channel coding. The MCSs investigated for the two modulations were MCS-3/4/5.
It was also seen that the PAR will largely depend on the bandwidth of the pulse shape used. However, the relative change in PAR was approximately the same for the two modulations.
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� The training sequence of RED HOT B is actually 8/13 μs shorter compared to RED HOT A but this is seen as negligible.


� At each SNR, where back-off has been taken into account according to � REF _Ref161051907 \h � \* MERGEFORMAT �Table 2�, the MCS giving the highest throughput for a given filter bandwidth and symbol rate is chosen.
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