3GPP TSG GERAN#35

Tdoc GP-071243
Dublin, Ireland

Agenda item 7.1.5.3, 7.1.5.4
August 27th-31st, 2007

Source: Ericsson


3GPP TSG GERAN#35

Tdoc GP-071243

Spectrum mask design for Higher Symbol Rate
1 Introduction

At the 7th telephone conference on RED HOT/HUGE, some quantitative design criteria were presented for the TX-pulse shape for higher symbol rate (HSR) ‎[1]. Two sets of design criteria were presented: Narrow Pulse, with criteria designed in such a way that legacy GSM speech networks are fully protected, and a Wide Pulse, with slightly looser requirements in order to fully benefit the potential of HSR.

The measure used in ‎[1] was ACP (Adjacent to Co-Channel Protection), the difference in tolerated interference energy in the air from a CCI (Co-Channel Interferer) and an ACI (Adjacent Channel Interferer) at reference performance.

For quick reference, an requirement on ACP@200kHz of 18dB was proposed for the narrow pulse and an ACP@200kHz of 12dB for the wide pulse. This applied to the downlink. At 400kHz offset, an ACP requirement of 50dB was proposed for both pulses.
In this paper, three wide spectrum masks and two narrow, with corresponding Tx-pulses, are presented, where one is the legacy spectrum mask used for EDGE. The ACP has been evaluated for the presented masks, including the legacy spectrum mask. Also presented is simulated HSR downlink throughput for the presented Tx-pulses.
Finally, it is shown in the paper that the 5 HSR symbol long time stretched linearized GMSK pulse is a good candidate for the narrow band HSR Tx-pulse shape.
2 Spectrum Mask for HSR
Five different spectrum masks have been evaluated. They are in this paper denoted and described:

1. LSM: The legacy spectrum mask used for EDGE.

2. N: An alternative spectrum mask to the Legacy Mask to be used for the Narrow Pulse (a resampled (i.e., scaled in time) linearized GMSK pulse to a length of 5 HSR symbols).

3. W325: A spectrum mask that can fit a Tx-pulse defined by a Hanning windowed RRC pulse with 325kHz bandwidth of length 6 with 0.2 rolloff.

4. W280: A spectrum mask that can fit a Tx-pulse defined by a Hanning windowed RRC pulse with 280kHz bandwidth of length 6 with 0.1 rolloff.

5. WlG4: A spectrum mask that can fit a Tx-pulse defined by a resampled (i.e., scaled in time) linearized GMSK pulse to a length of 4 HSR symbols.

The spectrum masks with the proposed Tx-pulse are displayed below in Figure 1-5. Detailed mask specifications can be found in Annex A, Table 4-8.
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Figure 1. Legacy Spectrum Mask and the spectrum of a linearized GMSK pulse of 6 HSR symbols length.
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Figure 2. A Narrow Spectrum Mask and the spectrum of a linearized GMSK pulse of 5 HSR symbols length.
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Figure 3. A Wide Spectrum Mask (W325) together with a Hanning windowed 325kHz RRC pulse of length 6 and rolloff 0.2.
[image: image4.png]dB

Spectrum, (30kHz measurement filter)

S SRR S N\ W280 Mask [
: : : : : HanRRC 280

; N i i
-600 -400 -200 0 200 400 600
kHz





Figure 4. Spectrum Mask W280 and a Hanning windowed 280kHz RRC pulse of length 6 and rolloff 0.1.
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Figure 5. The WlG4 Spectrum Mask and a linearized GMSK pulse of length 4 HSR symbols.
3 Adjacent Channel Protection

Here, the ACP is approximated by the difference in energy measured after the Rx-filter from a CCI (Co-Channel Interferer) and an ACI (Adjacent Channel Interferer) of equal energy measured in the air.
For ACP measurements the legacy linearized GMSK pulse has been used as Rx-filter. Further, to model the effect of other filters in the receive path (e.g., anti-aliasing filter) the interfering energy after the Rx-filter have been measured within the frequency band [-160kHz, 160kHz].

The legacy spectrum mask has been used as the reference CCI, Figure 1. When evaluating the ACP the ACI spectrum is normalized such that the total energy is equal to the reference CCI before the Rx-filter.

	Spectrum Mask
	Proposed Tx-pulse
	ACP @200kHz
	ACP @400kHz
	Fulfil requirements

	Legacy
	LinGMSK 6
	18.6dB
	51.7dB
	Yes

	Narrow
	LinGMSK 5
	17.8dB
	53.3dB
	“Yes”

	W325
	HanRRC325 6 0.2
	8.6dB
	56.7dB
	No

	W280
	HanRRC280 6 0.1
	12.1dB
	60.6dB
	Yes1)

	WlG4
	LinGMSK 4
	12.1dB
	43.0dB
	No

	1) Relaxed requirements as proposed in ‎[1].


Table 1. ACP for the evaluated spectrum masks
4 Throughput Simulation

The proposed Tx-pulses have been evaluated for RED HOT B, without incremental redundancy. For simplicity, only one Rx-filter has been considered. 
	Parameter
	Value

	Channel profile
	Typical Urban (TU)

	Terminal speed
	3 km/h

	Frequency band
	900 MHz

	Frequency hopping
	Ideal

	Interference/noise
	Sensitivity and Co-channel (same modulation and Tx-pulse as the carrier)

	Antenna diversity
	No (single antenna)

	Equalizer
States

     QPSK


16QAM


32QAM
	DFSE

4

16

32

	Tx pulse shape
	LinGMSK 4, 5, 6 and HanRRC 280/325

(As specified above)

	Rx filter
	HanRRC, 270kHz, length 6 and 0.3 rolloff

	Impairments:
	None

	Simulation length
	10000 radio block per simulation point.


Table 2. Simulation Setup

(Unfortunately the set of MCSs do not completely coincide with the working assumptions, as of today. They are based on a previous working assumption around Geran #34. However, the outcome from this simulation may serve as a good comparison between the considered Tx-pulses.)
In the simulations, the average Tx output power have been calculated over the useful part of the burst, as defined in 45.004. The peak output power has been determined as the level where 99% of the signal in the useful part of the burst is below. The obtained Peak to Average values are presented for each modulation and Tx-pulse in Table 3. The PAR has been compensated for in the sensitivity simulation. 

	Tx-Pulse
	QPSK
	16QAM
	32QAM

	Lin GMSK 4
	1.8dB
	3.6dB
	3.5dB

	Lin GMSK 5
	2.5dB
	4.2dB
	4.0dB

	Lin GMSK 6
	3.2dB
	4.4dB
	4.4dB

	Han RRC280
	2.9dB
	4.1dB
	4.1dB

	HanRRC325
	1.9dB
	3.5dB
	3.3dB


Table 3. Measured 99% PAR

4.1 Simulation Results
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Figure 6. Throughput using the considered Tx-pulse in a single antenna sensitivity scenario. (PAR compensated).
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Figure 7. Throughput using the considered Tx-pulse in a single antenna Co-Channel interference limited scenario.

5 Discussion and Conclusion
A safe spectrum mask selection for the narrow pulse would be the legacy spectrum mask. With some small adjustments it is possible to fit a time stretched linGMSK pulse (linGMSK 5) with higher bandwidth than the legacy one (linGMSK 6). By doing so it is possible to increase the throughput with almost 3dB in a sensitivity limited scenario and 2dB in a Co-Channel interference limited scenario. The presented narrow spectrum mask may need some tuning to completely fulfil the ACP requirements (currently 0.2dB too high for ACP@200kHz). However, such tuning may be accomplished by straightforward optimization of the mask. The optimization should strive to fit the 5 HSR symbols long linearized GMSK pulse shape.

Based on the throughput simulation presented in this paper we propose that the 5 HSR symbols long linearized GMSK pulse shape should be used as the narrow band transmit pulse for HSR. It has been shown that it has superior throughput performance in both interference and noise limited scenarios, over the legacy linearized GMSK pulse and meets the ACP requirements.

Three wide spectrum masks have been evaluated. W280 fulfils the relaxed ACP requirements, WlG4 is 7dB from the ACP@400kHz requirement and W325 is 3.4dB from the relaxed ACP@200kHz requirement. It may be possible to adjust the WlG4 mask to meet both the ACP requirements. 
Naturally, the widest pulse has the best performance, almost 1dB over the second best for sensitivity and slightly less with CCI. However, the widest pulse does not fulfil the proposed relaxed requirements with respect to ACP. A reasonable trade-off may be the HanRRC280 pulse which fulfils the proposed relaxed ACP requirements.
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Annex A Detailed Spectrum Mask Definitions
The following spectrum mask definitions have been used in this study.

	kHz
	dB

	0
	0.5

	100
	0.5

	200
	-30

	250
	-33

	400
	-55

	600
	-60

	>600
	-66


Table 4. Legacy Spectrum Mask

	kHz
	dB

	0
	0.5

	80
	0.5

	200
	-24

	400
	-58

	600
	-70

	>600
	-70


Table 5. Narrow Spectrum Mask

	kHz
	dB

	0
	0.5

	100
	0.5

	150
	-6

	200
	-17

	300
	-55

	600
	-70

	>600
	-70


Table 6. W280 Spectrum Mask

	kHz
	dB

	0
	0.5

	130
	0.5

	200
	-10

	400
	-65

	600
	-70

	>600
	-70


Table 7. W325 Spectrum Mask

	kHz
	dB

	0
	0.5

	75
	0.5

	150
	-7

	200
	-15

	300
	-38

	350
	-38

	600
	-70

	>600
	-70


Table 8. WlG4 Spectrum Mask
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