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1. Introduction
It is agreed in GERAN #35 [1] that HUGE-B (or EGPRS2-B UL) “shall apply a wide band pulse shape and a narrow band pulse shape,” while the RED-HOT B (EGPRS2-B DL) “shall apply only a single narrow band pulse shape.”  The narrow band pulse shaping filter is required to fit into the existing spectral mask and ACP requirements.  This indicates that the legacy linearised GMSK pulse may continue to be used as the narrow band pulse.  The remaining design problem is the selection of the wide band pulse for HUGE-B.  This contribution addresses this issue with a wide pulse design for HUGE-B.
It is generally believed that better link and throughput performance can be achieved with a wide pulse for HUGE-B; while the uplink impact of adjacent channel interference due to the wide pulse may not be as severe as downlink.  There are certain constraints for a wide pulse design: ACP (adjacent to co-channel protection), PAR (peak-to-average power ratio), and link performance.

Currently there are multiple pulse shaping filters proposals.  Ericsson proposed several pulse based on Hanning windowed RRC pulse [2].  Numerical optimization approach was proposed by Motorola [3] for HSR (high symbol rate) pulse design.  Recently NSN and Nokia applied numerical approach to yield two HUGE-B pulses [4], one of which (the 2nd NSN pulse) was taken as the baseline assumption.
In this contribution, a new pulse shaping filter for HUGE-B is proposed based on numerical optimization method.  The ACP, PAR, and link performance of the new pulse are presented and compared with other HUGE-B pulse proposals.  Although the required ACP for uplink is not quite clear at this stage, we use ACP 12dB @ 200kHz and 50dB @400kHz, which are similar to [2] and [4].  In our design, 1-dB ACP margin is applied to cover possible spectrum re-growth due to power amplifier impairment.  The PAR values of the new pulse with the three modulations are listed.  Using various transmit pulse shaping filters, we compare the throughput performance of HUGE-B, indicating that the proposed pulse can achieve similar or better throughput performance than the baseline assumption.
2. Pulse Shaping Filters and Power Spectral Density
Numerical optimization method is applied with ACP considerations to yield a new pulse shaping design.  The target ACP is 12dB @ 200kHz and 50dB @400kHz at the output of Tx PA.  A 1-dB margin at 200kHz is used for possible PA impairment.  This pulse is illustrated in Figure 1.  Its power spectrum density is shown in Figure 2.  The filter coefficients are listed in Annex A.  
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Figure 1   The New Proposed Tx Pulse
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Figure 2   Power Spectral Density of the Proposed Tx Pulse
To compare the spectrum properties, we illustrate the PSD of windowed RRC (325kHz) pulse, the 2nd pulse proposed by NSN and Nokia [4] (called NSN #2 Pulse), and the new pulse in Figure 3.  It shows that the proposed pulse is narrower than NSN #2 in frequency domain.
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Figure 3   PSD of Windowed RRC, NSN #2 Pulse, and the New Pulse
3. Adjacent Channel Protection

ACP is defined as the tolerated power difference between a CCI (co-channel interference) and an ACI (adjacent channel interference) at reference performance.  ACP can be measured as the power difference after Rx-filter when a CCI source and an ACI source of equal power are applied.  The calculation of ACP is based on the approach in [2].  The Rx-filter is a legacy linearised GMSK filter.  The energy after Rx-filter is measured in the frequency band [-160kHz, 160kHz].  The legacy linearised GMSK filter is used as the reference CCI. 
Table 1   ACP of Wide Pulse Shaping Filters of HUGE-B
	Proposed Tx Pulse Shaping Filters
	ACP @200kHz (dB)
	ACP @400kHz (dB)
	ACP @600kHz (dB)

	Legacy Linearised GMSK
	18.5
	63.9
	107.7

	Linearised GMSK with HSR
	15.4
	52.8
	87.3

	NSN #1 Pulse [4]
	14.1
	66.4
	71.1

	NSN #2 Pulse [4]
	12.0
	62.2
	75.1

	New Proposed Pulse
	13.0
	62.1
	71.1


A wide pulse design requires loose adjacent to co-channel interference protection.  The legacy ACP is 18dB @200kHz, 50dB @400kHz, and 58dB @600kHz.  Although there are many discussions on loose ACP for downlink (RED-HOT B), there is little guidance on uplink ACP requirement for HUGE-B wide pulse design.  In this contribution, we use similar ACP values in [4] and [2], which is ACP 12dB @200kHz, and ACP 50dB @400kHz.  Please note that these loose ACP values were originally proposed for downlink.  It is still not clear whether these ACP are suitable for uplink.
Table 1 lists ACP of various pulses.  All these pulses can meet the ACP requirement of 12dB @200kHz.  However, some ACP margin shall be provided in case of spectrum re-growth of MS PA impairment.  From Table 1, the ACP of the new proposed pulse has 1dB margin over ACP 12dB @200kHz, which is also about 1dB better than that of the NSN #2 pulse.  
4. PAR Performance

Another consideration for pulse shaping filter design is the peak-to-average power ratio (PAR) of transmitting signal.  Simulations are performed to calculate average Tx output power over bursts.  The PAR values shown in Table 2 are the peak-to-average power ratio where 99% of Tx output signal is below.  Although a large PAR may require a large power backoff, the PAR value is only an indicator, and not the required power backoff value.
Table 2   Peak-to-Average Power Ratio
	(dB)
	QPSK
	16QAM
	32QAM

	LGMSK pulse
	2.75
	4.86
	4.82

	NSN 1 pulse
	3.07
	4.84
	4.76

	NSN 2 pulse
	2.40
	4.40
	4.32

	New pulse
	2.80
	4.65
	4.65


5. Rx Filter

Other than using a match filter for the proposed Tx pulse, we use a “mis-match” filter shown in Figure 4.  The purpose is to better mitigate ISI and adjacent channel interference.  The filter coefficients of the Rx filter are listed in Annex B.
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Figure 4   Rx Pulse
The combined TxRx filter in frequency domain is illustrated in Figure 5.
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Figure 5   |Tx(f) Rx(f)|2
6. Simulation Assumptions and Throughput Performance

Table 3    Simulation Assumptions

	Parameters
	Values

	Channel Profile
	Typical Urban

	Terminal Speed
	3km/hr

	Frequency Band
	900MHz

	Frequency Hopping
	on

	Interference
	Sensitivity

	Interference Modulation
	Noise

	Direction
	Uplink

	Antenna diversity
	Two antennas

	Carrier/Interf time sync
	Ideal

	Symbol Rate
	HSR

	TSC
	Ericsson's TSC

	Channel Coding
	Convolutional

	Modulation Rotation
	16QAM: pi/4, 32QAM: -pi/4

	MCS
	UBS-7,8,9,10,11,12

	Modulation Detection Algorithm
	Ideal

	Transmitter Mode
	Generic IQ Tx

	Transmitter Impairments
	on

	Transmit Pulse
	Various

	Receiver Filter
	Various

	Receiver Over Sampling Rate
	4x

	Receiver Impairments
	on

	Equalizer
	RSSE-DFE


Simulation is performed to evaluate throughput performance of HUGE-B.  Simulation assumptions are listed in Table 3.  The Rx filters for W-RRC pulse and NSN #2 pulse are match filters.  The Rx filter for the new pulse is the pulse discussed in Section 5, and its coefficients are listed in Annex B.
The throughput performance of HUGE-B is shown in Figure 6.  The Hanning windowed RRC (325kHz bandwidth) has the best throughput performance among the three pulses.  It also shows that the new proposed pulse has very close throughput performance to the baseline NSN #2 pulse.  At high SNR (>20dB), it performs better than the NSN #2 pulse.
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Figure 6   Throughput Performance of HUGE-B
7. Conclusions

A new wide pulse shaping filter is proposed for HUGE-B in this contribution.  ACP, PAR, and throughput performance are discussed with the baseline assumption.  It can be concluded that:
1. The proposed pulse has better ACP than the NSN #2 pulse.  Its ACP @ 200kHz is 13dB; while that of NSN #2 is 12dB.

2. The PAR performance of NSN #2 pulse is slightly better than that of the proposed pulse.
3. The throughput performance of the proposed pulse is similar or better than that of NSN #2 pulse.

Therefore, the proposed pulse in this contribution is a better candidate pulse for HUGE-B wide pulse than the baseline assumption.  
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Annex A: The Proposed Tx Pulse

6 symbol duration, with 16x over-samples
   0.00225918460000

   0.00419757900000

   0.00648420700000

   0.00931957020000

   0.01259397500000

   0.01605878900000

   0.01959156100000

   0.02292214900000

   0.02570190500000

   0.02767928100000

   0.02852115300000

   0.02791904300000

   0.02568913000000

   0.02166792700000

   0.01579963100000

   0.00821077000000

  -0.00089211394000

  -0.01114601700000

  -0.02201830600000

  -0.03289439200000

  -0.04302811700000

  -0.05156392200000

  -0.05764086800000

  -0.06034025400000

  -0.05876224400000

  -0.05209962100000

  -0.03961692000000

  -0.02072323500000

   0.00496039200000

   0.03765364500000

   0.07732192300000

   0.12369249000000

   0.17639444000000

   0.23478700000000

   0.29768326000000

   0.36418213000000

   0.43311409000000

   0.50316152000000

   0.57298225000000

   0.64120681000000

   0.70645485000000

   0.76744762000000

   0.82295721000000

   0.87187027000000

   0.91325439000000

   0.94628290000000

   0.97030623000000

   0.98493838000000

   0.99006899000000

   0.98493838000000

   0.97030623000000

   0.94628290000000

   0.91325439000000

   0.87187027000000

   0.82295721000000

   0.76744762000000

   0.70645485000000

   0.64120681000000

   0.57298225000000

   0.50316152000000

   0.43311409000000

   0.36418213000000

   0.29768326000000

   0.23478700000000

   0.17639444000000

   0.12369249000000

   0.07732192300000

   0.03765364500000

   0.00496039210000

  -0.02072323500000

  -0.03961692000000

  -0.05209962100000

  -0.05876224400000

  -0.06034025400000

  -0.05764086800000

  -0.05156392200000

  -0.04302811700000

  -0.03289439200000

  -0.02201830600000

  -0.01114601700000

  -0.00089211395000

   0.00821077000000

   0.01579963100000

   0.02166792700000

   0.02568913000000

   0.02791904300000

   0.02852115300000

   0.02767928100000

   0.02570190500000

   0.02292214900000

   0.01959156100000

   0.01605878900000

   0.01259397500000

   0.00931957020000

   0.00648420700000

   0.00419757900000

   0.00225918460000
Annex B: Rx Filter
6 symbol duration, with 16x over-samples
   0.00048956104000

   0.00102884340000

   0.00174083040000

   0.00261779960000

   0.00363034660000

   0.00473297480000

   0.00586686760000

   0.00696102600000

   0.00793587280000

   0.00871144850000

   0.00920817090000

   0.00935525270000

   0.00909404520000

   0.00838253640000

   0.00719769640000

   0.00553977690000

   0.00343022660000

   0.00091460873000

  -0.00194066340000

  -0.00504909700000

  -0.00830803820000

  -0.01160031500000

  -0.01480046900000

  -0.01777607100000

  -0.02039437300000

  -0.02252490000000

  -0.02404533000000

  -0.02484435500000

  -0.02482811600000

  -0.02392193500000

  -0.02207651400000

  -0.01926909800000

  -0.01550763900000

  -0.01083059500000

  -0.00530913480000

   0.00095599102000

   0.00783439230000

   0.01517168300000

   0.02279213100000

   0.03050595500000

   0.03811362500000

   0.04541443000000

   0.05221099600000

   0.05831793300000

   0.06356591600000

   0.06780914700000

   0.07092818300000

   0.07283573200000

   0.07347745400000

   0.07283573200000

   0.07092818300000

   0.06780914700000

   0.06356591600000

   0.05831793300000

   0.05221099600000

   0.04541443000000

   0.03811362500000

   0.03050595500000

   0.02279213100000

   0.01517168300000

   0.00783439230000

   0.00095599102000

  -0.00530913480000

  -0.01083059500000

  -0.01550763900000

  -0.01926909800000

  -0.02207651400000

  -0.02392193500000

  -0.02482811600000

  -0.02484435500000

  -0.02404533000000

  -0.02252490000000

  -0.02039437300000

  -0.01777607100000

  -0.01480046900000

  -0.01160031500000

  -0.00830803820000

  -0.00504909700000

  -0.00194066340000

   0.00091460873000

   0.00343022660000

   0.00553977690000

   0.00719769640000

   0.00838253640000

   0.00909404520000

   0.00935525270000

   0.00920817090000

   0.00871144850000

   0.00793587280000

   0.00696102600000

   0.00586686760000

   0.00473297480000

   0.00363034660000

   0.00261779960000

   0.00174083040000

   0.00102884340000

   0.00048956104000
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