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AQPSK Power vs. Time Mask
1 Introduction

The AQPSK Power vs. Time Mask (PvT) has been discussed in ‎[5]. In the discussions during the presentation and later, there was a preference for making the “dummy” bits (bits before/after the active part of the burst) implementation dependent. One straight-forward implementation is to use explicit ramping and also to mimic the current GMSK dummy bits.
This document proposes a PvT mask to be used with AQPSK modulated bursts, and discusses the adjustments made from the mask presented in ‎[5].

2 Burst Parameters and Assumptions

The tail sequence, and symbol rotations used are according to 45.002 ‎[3], and 45.004 ‎[4] and is listed in Table 1.
	Modulation
	Symbol rotation
	Tail sequence

	GMSK
	“π/2”
	[0;0;0]

	AQPSK
	π/2
	[0,0;0,0;0,0]

	8PSK
	3π/8
	[1,1,1; 1,1,1; 1,1,1]


Table 1: Tail sequences and Symbol rotation angles for GSM modulations under study.
In ‎[5] two SCPIRs (sub channel power imbalance ratios) at 0dB and 12dB were studied. Among others, it was found that:

· SCPIR @ 0dB resulted in the highest PAR equal to 3.4 dB;

· the average power during the burst is independent of SCPIR;

· the signal path over the tail is independent of SCPIR.

The last point, relied on that zero energy symbols were used before/after the active part of the burst as guard period symbols. If instead the guard period symbols are implementation dependent, any combination of dummy bits should be allowed. In this study, the scope is limited to only evaluate guard period bits equal to “1”. That is the case that mimics the GMSK dummy bits today. 
3 Burst Signal Power
In this paper the signal power presented is given in dB relative to the average signal power using TSC pair 5. That is, TSC 5 from set 1 on the first sub channel and TSC 5 from set 2 on sub channel 2. TSC set 1 and set 2 have been taken from ‎[3].

The average power has been measured over the useful part of the burst, as defined in ‎[1]. The average signal power for 8PSK is calculated by averaging over all TSCs ‎[2]. In the calculations here the average has been taken over 2000 bursts using random symbols an all positions except the TSC and the tail positions.

The signal power during ramp-up for the AQPSK modulation using the two different guard symbol configurations can be seen 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 power level over the tail part for AQPSK is about 1.5 dB lower than for 8PSK.
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Figure 1: Transmitted signal power, relative average power, during burst ramp-up and tail sequence for a burst using AQPSK modulation (red SCPIR = 0dB and blue SCPIR = 12dB), with/without 1 as dummy bits (solid/dotted line) and 8PSK (green)

4 Power vs. Time Mask

The design principle has been to keep the tolerances from the ideal-signal power to the mask in the same order of magnitude as for the existing 8PSK mask. 
4.1 Design principle
The general guide for designing the PvT Mask has been to allow for +/-1 dB margin relative the ideal signal power over the tail symbol part. In comparison, the margin for 8PSK across the narrow window part is 1dB. For 16-32QAM, the same margin is +1.5/-1 dB. (The extra +0.5 dB was motivated by the difficulty for an MS to ramp up the signal close to the max amplitude.)
It is proposed that the “roof” for AQPSK is made 1.1 dB higher than the PAR value to allow for a 0.5 dB rounding. In comparison, the PvT “roof” for 8PSK is 0.8 dB above the peak value, and for 32QAM 0.95dB ‎[2]. Further it is proposed not to define a lower part of the PvT Mask, as for existing 16-/32-QAM masks.

The lower left corner of the proposed mask was adjusted in such a way that the timing margin from the ramp-up is comparable with the existing 8PSK case.

Further, it is proposed to narrow the upper part of the “tail window” compared with the previous proposal in [5] due to the dependency on the used guard period symbols, but keeping the margin to the ideal signal at 1dB. 

4.2 Proposed Mask

The proposed PvT Mask for AQPSK is displayed in Figure 2. For reference Figure 3 shows the existing mask for 8PSK. In Figure 4, the two PvT Masks are related to some ideal signals with random data for the considered modulations. The lower left corner of the AQPSK PvT Mask has been adjusted in such a way that the time margin to the ideal signal is comparable with 8PSK. This time is measured from Figure 4 and listed in Table 2.
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Figure 2: Proposed Power vs Time mask for normal duration burst (NB) using AQPSK modulation.
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Figure 3: Time mask for normal duration bursts (NB) at 8-PSK modulation ‎[1].
Definition of notes copied from ‎[1]. (Note: If Figure 2 is to be used, AQPSK needs to be added to the list of modulations in (****).)
	(*)
	For GSM 400, GSM 850, GSM 700 and GSM 900 MS
	:
	See 4.5.2

	
	For DCS 1 800 and PCS 1900 MS
	:
	-48 dBc or  -48 dBm, whichever is the higher.

	
	For all BTS
	:
	no requirement below  -30 dBc (see 4.5.1).

	(**)
	For GSM 400, GSM 900, GSM 700 and GSM 850 MS
	:
	-4 dBc for power control level 16;

	
	
	
	-2 dBc for power control level 17;

	
	
	
	-1 dBc for power control levels 18 and 19-31.

	
	For DCS 1 800 MS
	:
	-4 dBc for power control level 11,

	
	
	
	-2 dBc for power control level 12,

	
	
	
	-1 dBc for power control levels 13, 14 and 15-28.

	
	For PCS 1900 MS
	:
	-4 dBc for power control level 11,

	
	
	
	-2 dBc for power control level 12,

	
	
	
	-1 dBc for power control levels 13, 14 and 15.

	(***)
	For GSM 400, GSM 900, GSM 700 and GSM 850 MS
	:
	-30 dBc or  -17 dBm, whichever is the higher.

	
	For DCS 1 800 and PCS 1900 MS
	:
	-30 dBc or  -20 dBm, whichever is the higher.

	(****)
	For all BTS and all MS
	:
	Lower limit within the useful part of burst is seen as undefined for 16-QAM and 32-QAM.


	Modulation
	Time Margin [µs]

	AQPSK
	1.5

	8PSK
	1.5


Table 2: Time margin from lower left corner in the mask to the ideal signal path (using implicit ramping).
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Figure 4: Power versus Time Mask and some ideal modulated signals, AQPSK left, 8PSK right. (“AQPSK G” – Implicit ramping, 0dB SCPIR, “AQPSK12” – Using 1 as dummy bits, 12 dB SCPIR)
5 Conclusion

In this contribution a PvT Mask for AQPSK is derived. The signal power path during the tail sequence is analyzed and it has been shown that the proposed mask gives the same tolerances as the existing mask for 8PSK modulation. This contribution is provided for discussion. If it is found acceptable and when the proposed mask is checked (e.g. by measurements that may also include other combinations of TSC, SCPIR or guard symbols), it can be included in future releases of the Radio transmission and reception specification 45.005. For checking, measurement equipment manufacturers are encouraged to implement the modified AQPSK PvT mask according to Figure 2 already in their test software packages.
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