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Spectrally wide pulse shape for HUGE B:           a comparison

1. Introduction

For HUGE level B, it was agreed to assume that there will be a spectrally narrow and a spectrally wide transmit pulse shape. The spectrally narrow pulse shape is assumed to be the linearized GMSK pulse as for level A. For the spectrally wide transmit pulse shape, several pulses were proposed. At the GERAN WG1 ad hoc on HUGE and RED HOT meeting no. 2, the second numerically optimised pulse shape from Tdoc AHG1-070069 [3] was chosen as baseline (in the following also referred to as NSN#2).

2. Candidate pulse Shapes

In addition to the current baseline, another pulse shape has been proposed as candidate for HUGE B that also targets at meeting the ACP values of 12 dB at 200 kHz offset and 50 dB at 400 kHz offset after an MS power amplifier (PA). It was numerically optimized with regard to throughput, ACP and PAR. However, the numerical optimisation of the pulse shape which became the baseline took also the spectrum regrowth due to the PA into account. This effect needs to be assessed for every candidate.

3. Impact of non-linear distortions in the PA

In [1], a 1 dB margin is assumed for the ACP at 200kHz and a 12.1 dB margin is assumed for the ACP at 400kHz in order to allow for possible spectrum re-growth due to power amplifier impairment.

In this section the same PA model which was used to verify the NSN#2 pulse shape has been used to determine whether these margins are needed in order to meet the design goals of 12 dB ACP at 200kHz and 50 dB ACP at 400kHz.

In Table 1, it can be seen that the PA does not change significantly the ACP at 200kHz, which implies that no margin is needed for the 200kHz offset. For the 400kHz offset, the ACP reduces to a value which is lower than the 50dB target for both candidates. Both candidates require a similar back off to achieve the 50 dB limit.

Table 1 - ACP at PA model output using 32-QAM with different back-off
	frequency offset
	200kHz
	400kHz
	600kHz

	Normal back off
	
	
	

	NSN#2
	12.0
	45.8
	59.6

	Motorola
	12.8
	46.6
	62.2

	With 1.5 dB higher back off
	
	
	

	NSN#2
	12.0
	50.3
	65.5

	Motorola
	12.8
	51.3
	68.7


4. Coverage throughput performance

4.1 Simulation assumptions
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Figure 1 - Transfer function of the Rx filter used for Motorola's pulse candidate
In [1], a mis-match Rx filter whose transfer function is shown in figure 1 was assumed for Motorola's pulse candidate to "better mitigate ISI and adjacent channel interference", while for the NSN#2 and RRC pulse shape, a matched filter was assumed. In our opinion, this does not provide a fair comparison between the proposals. While, a network vendor should be allowed to consider optimisations in the receiver that might be dependent on the Tx pulse shape, when comparing candidate Tx pulse shapes, we believe the same optimisations should be assumed.

The assumption made in this contribution is whitened matched Rx filter for all candidates [2].

The throughput was simulated on a TU3iFH channel with two antennas and RF impairments included. Back-off was not taken into account.

4.2 Simulation results

The simulation result is given below. At higher SNR values, the performance of the NSN#2 pulse shape is about 1 dB better.

 SHAPE  \* MERGEFORMAT 



Figure 2 - Throughput simulation results for HUGE B with different Tx pulse shapes
4.3 Peak to average ratio performance

Too high peak-to-average ratio (PAR) should be avoided to limit spectrum regrowth due to the PA's compression. PAR calculations for the different pulse shapes are given in Table 2. Lower values are seen for the NSN#2 pulse shape.

Table 2 - PAR for candidate pulse shapes.

	Modulation
	Motorola
	NSN#2

	QPSK
	3.2
	2.6

	16QAM
	5.7
	5.2

	32QAM
	5.9
	5.2


5. CoNCLUSION

The pulse shape candidates from Motorola [1] and Nokia Siemens Networks and Nokia [3] have been compared with respect to throughput, ACP after a PA model, and PAR. 

Motorola's candidate has a ~1 dB better ACP at 200 and 400 kHz than the candidate from Nokia and Nokia Siemens Networks. On the other hand, similar to the NSN#2 pulse, it is expected to also need a little additional back-off to meet the 50 dB ACP target for 400 kHz.

The PAR of Motorola's candidate is at least 0.5 dB higher than the PAR of the baseline. However, this is not seen as critical since the simulation with the PA model did not indicate a need for a higher back-off with Motorola's pulse shape.

To allow for a fair comparison, the throughput was simulated using a WMF as Rx filter, adapted to each of the candidates. The throughput comparison shows that the price for the slightly higher ACP of Motorola's candidate is a throughput loss of ~1 dB for P/N0B ≥ 17 dB. 

We believe that the higher ACP of Motorola's candidate does not justify the significant throughput loss compared with the current baseline and hence propose that the current baseline is taken as working assumption.
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