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Tail symbol sequences and Time Masks for EGPRS2
This is an update of GP-071712. This contribution includes time masks for the wider TxPulse in HUGE B. The additional sections are marked with red.
1 Introduction

The tail symbol sequences make the start and end of a burst well defined. They can be utilized as known states at the start/end of a trellis-based demodulator. Further, at the transmitter the output signal power will be well defined if a set of fixed symbols is transmitted. The power masks versus time for higher order modulation at normal symbol rate (NSR) and for the modulations at high symbol rate (HSR) specified in 45.005 needs to be harmonized with a proper selection of tail sequences.
In this paper, tail symbol sequences and corresponding power versus time (PvT) masks are proposed for the new EGPRS2 modulations, 16QAM and 32QAM at normal symbol rate (NSR) and QPSK-R, 16QAM-R and 32QAM-R at higher symbol rate (HSR), for the legacy TxPulse (LinGMSK) and also the wide TxPulse for HUGE B. The ideal burst signal power using the proposed tail sequences have been used as a basis for the design of the new PvT masks.
2 Tail symbol sequences

The following tail symbol sequences have been considered in this paper. In Table 1, the symbols are given as both decimal integers and binary symbols, according to the symbol constellations in 45.004, Table 1, 2, 3 and 4.
	Modulation
	Symbol rotation
	Proposed tail sequence

	8PSK
	3π/8
	[7 7 7] 1)

[1,1,1; 1,1,1; 1,1,1] 1)

	16QAM
	π/4
	[1 6 6] 1)
[0,0,0,1; 0,1,1,0; 0,1,1,0] 1)

	32QAM
	-π/4
	[30 14 14] 1)
[1,1,1,1,0; 0,1,1,1,0; 0,1,1,1,0] 1)

	QPSK-R
	3π/4
	[0 1 3 2]1)
[0,0; 0,1; 1,1; 1,0]1)

	16QAM-R
	π/4
	[1 6 6 13] 1)
[0,0,0,1; 0,1,1,0; 0,1,1,0; 1,1,0,1] 1)

	32QAM-R
	-π/4
	[30 30 14 14] 1)
[1,1,1,1,0; 1,1,1,1,0; 0,1,1,1,0; 0,1,1,1,0] 1)

	1) Tail symbols for 8PSK and QPSK-R are already defined in 45.002.


Table 1: Considered tail sequences and Symbol rotation angles for different modulations using normal and high symbol rate.
3 Burst Signal Power
In this paper the signal power presented is given in dB relative to the average signal power for the given modulation and symbol rate. The average power is discussed below in Section ‎3.2.
3.1 Transmit Pulse

The transmit pulse used for NSR is the legacy LinGMSK pulse of 5 NSR symbol time duration. For HSR the legacy LinGMSK pulse has been resampled to 6 HSR symbol times. The wide HSR uplink TxPulse is defined in 45.004 Annex A. During the calculations an over sampling rate of 16 samples per symbol has been used. (Some calculations has been verified using an over sampling rate of 48 and 40 for NSR and HSR respectively, with good agreement.)

3.2 Average Power

In this contribution, the definition of average power is intended to agree with the definition given in 45.005 Section 4. However, in 45.005 nothing is said about which TSC to use when measuring the average power. For legacy GMSK and 8PSK this is a minor problem, since the different TSC have about the same energy. For the introduced modulations in EGPRS2 it will make a difference which TSC to use when measuring the average power. Preliminary calculations have shown that the average power for different TSC differ approximately 0.2dB, see Table 2.
	
	LinGMSK NSR
	LinGMSK HSR
	HugeB Wide Pulse

	TSC
	8PSK
	16QAM
	32QAM
	QPSK
	16QAM
	32QAM
	QPSK
	16QAM
	32QAM

	0
	-0.010
	-0.032
	-0.033
	-0.027
	0.042
	0.040
	-0.014
	0.022
	0.022

	1
	-0.010
	-0.032
	-0.033
	0.016
	-0.025
	-0.025
	0.010
	-0.015
	-0.015

	2
	0.013
	0.035
	0.031
	0.016
	-0.024
	-0.025
	0.008
	-0.013
	-0.013

	3
	0.013
	0.035
	0.031
	-0.028
	0.043
	0.042
	-0.017
	0.027
	0.026

	4
	-0.010
	-0.032
	-0.033
	0.017
	-0.026
	-0.026
	0.011
	-0.017
	-0.018

	5
	-0.034
	-0.100
	-0.099
	-0.028
	0.043
	0.042
	-0.017
	0.027
	0.026

	6
	0.009
	0.032
	0.032
	0.015
	-0.024
	-0.024
	0.008
	-0.013
	-0.013

	7
	0.036
	0.099
	0.094
	0.016
	-0.026
	-0.026
	0.011
	-0.017
	-0.017

	Max ∆
	0.070
	0.199
	0.194
	0.045
	0.069
	0.068
	0.029
	0.044
	0.044


Table 2: Average transmitted power in dB for each TSC relative an average over all TSCs.
In this contribution, the average has been defined as the average power over the useful part of the burst using random data and a random TSC evenly drawn from the eight possible TSCs. This may not be a practical definition from a measurement perspective, although not impossible. However, this issue is only raised in this paper. Further elaboration in this topic is left for future studies and discussions. Due to this uncertainty the time mask window is increased somewhat relative to the legacy time mask window for 8PSK. It can be seen in Table 2 that TSC 6 has an average power that is closest to the average power over all TSCs, for all modulations, rates and transmit pulses.
In this study, the average was taken over a set of 2000 bursts with random data parts, according to the definition above.
3.3 Peak Power

For 8PSK and QPSK the use of random symbols is often enough to generate a symbol sequence that result in the maximum signal amplitude. However, for 16QAM and 32QAM this is not the case
 . In order to measure the maximum output power, a fixed sequence of symbols was derived. The measured peak power and the generating sequence for the modulations and rated under consideration is listed in Table 3. The sequences are six symbols long and will after rotation generate a sequence of I/Q values close to each other and with maximum amplitude.
	Modulation
	Sequence2)
	Peak power3)

	8PSK
	[7 6 5 1 2 3]
	3.20dB

	16QAM
	[3 7 7 15 15 11]
	4.62dB

	32QAM
	[18 2 6 4 0 16]
	5.05dB

	QPSK-R
	[0 1 2 0 3 2]
	3.33dB

	16QAM-R
	[3 7 7 15 15 11]
	5.21dB

	32QAM-R
	[18 2 6 4 0 16]
	5.69dB

	QPSK-RW
	[0 2 2 0 0 2]
	3.13dB

	16QAM-RW
	[3 15 7 7 3 15]
	5.09dB

	32QAM-RW
	[18 16 6 4 18 16]
	5.52dB

	2) A sequence of constellation points, before symbol rotation.
3) Relative average power


Table 3: Maximizing output power sequence and measured peak power relative average power.
4 Power versus Time Mask
The signal power during ramp-up using the tail sequence in Table 1 is displayed in Figure 1. Since the tail sequences are symmetric, the behavior will be identical during the burst ramp-down. It can be seen that the rise-time and the power level over the flat part is for all tail sequences comparable with legacy 8PSK and HSR QPSK-R. The use of the wide transmit-pulse for HSR will introduce some power ripple during the tail sequence. This could be compensated for by designing a new tail sequences to be used together with the wide pulse. However, in this contribution it is assumed that a separate set of tail sequences is not an option. 
The PvT masks for the modulations using the LinGMSK pulse are displayed in Figure 6, Figure 7 and Figure 8. In Figure 3 and Figure 4, the PvT masks are related to some ideal signals with random data for the considered modulations. The general guide for designing the PvT mask have been to allow for +/-1.5dB margin relative the ideal signal power over the flat part of the tail symbols.

For QPSK-R an asymmetric window is chosen to compensate for the fact that the tail part is close to the peak-amplitude. (Here the target margin is +1.2/-1.8dB.) Further, the lowest ideal signal level for QPSK-R can from Figure 4 be expected to be around -10 dB. In the proposed mask for QPSK-R in Figure 7, a lower level of -20 dB has been defined.
The design parameters above have been applied for QPSK-R, 16QAM-R and 32QAM-R using the wide transmit pulse. The proposed PvT masks for the wide TxPulse is shown in Figure 9 and Figure 10. Two illustrations with the proposed masks and the power profile of some random burst signals are displayed in Figure 5.
During ramp-up the time margin from the mask to the ideal signal has been measured and is given in Table 4. The aim is to have a comparable time margin for the new masks as with the legacy 8PSK mask.

For the HSR modulations, the window is shifted 1us in time from the start of the useful burst. This is due to that the shorter symbol duration will move the ideal signal closer to the start of the useful burst. 
	Modulation
	Time Margin [us]

	8PSK
	1.5

	16QAM
	1.7

	32QAM
	1.6

	QPSK-R
	2.1

	16QAM-R
	1.9

	32QAM-R
	1.7

	QPSK-R wide Tx
	2.1

	16QAM-R wide Tx
	2.4

	32QAM-R wide Tx
	2.3


Table 4: Time margin from lower left corner in the mask to the ideal signal
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Figure 1: Transmitted signal power, relative average power, during burst ramp-up and tail sequence for a burst at normal symbol rate (left) and at high symbol rate (right), using LinGMSK TxPulse
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Figure 2: Transmitted signal power, relative average power, during the burst ramp-up and tail sequence for a burst at high symbol rate using the wide transmit pulse for uplink, using wide TxPulse
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Figure 3: Power versus Time Mask and some ideal 16/32QAM modulated signals at NSR
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Figure 4: Power versus Time Mask and some ideal QPSK, 16QAM and 32QAM modulated signals for HSR, using LinGMSK TxPulse
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Figure 5: Proposed Power versus Time Mask and some ideal QPSK, 16QAM and 32QAM modulated signals for HSR, using wide TxPulse

[image: image9]
Figure 6: Time mask for normal duration bursts (NB) at 16QAM and 32QAM modulation (at normal symbol rate) [45.005]
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Figure 7: Time mask for higher symbol rate bursts (HB) at QPSK modulation [45.005]
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Figure 8: Time mask for higher symbol rate bursts (HB) at 16QAM and 32QAM modulation [45.005]
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Figure 9: Proposed time mask for higher symbol rate bursts (HB) at QPSK modulation with [wide] pulse shaping filter
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Figure 10: Proposed time mask for higher symbol rate bursts (HB) at 16QAM and 32QAM modulation with [wide] pulse shaping filer

(*),(**),(***),(****) These notes are defined in 45.005, Annex B, v7.11.0 or later.
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� A large amount of bursts with random symbols has to be transmitted in order to reach peak power with high probability.
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