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1. Introduction

It is understood that already in noise limited network scenarios, the spectrally wider pulse shape is not expected to impact legacy speech users. However, in [1] it was questioned whether the wider pulse shape will have an impact in interference limited cases. In that contribution, a static simulator was used to analyse the impact to the overall C/I in a  4/12 and 1/3 reuse network when the 1st adjacent channel protection of the transmit filter was reduced from 18dB to 12dB. An impact was noted in both scenarios. However, in these simulations, the following was assumed:

· The wide pulse shape only increased the adjacent channel interference and did not lower co-channel interference.
· The wide pulse shape was assumed for all services (100% penetration).
· The simulation did not model the impact to interference by power control or DTX.

· The simulation did not model the improvement in speech quality by frequency hopping
In this contribution, the impact of an optimised pulse shape on legacy voice services is evaluated by dynamic system level simulation, where power control, DTX and frequency hopping is assumed and where the co-channel interference from the wide pulse shape is taken into account as well as the adjacent channel interference.

2. Pulse shape

The proposed pulse shape is the 1st Optimised Tx pulse shape described in Section 3 of reference [2]. Table 1 shows the co-channel, and adjacent channel attenuation values for the linearised GMSK Tx pulse shape and the Optimised Tx pulse shape, when calculated using a linearised GMSK Rx filter, truncated to ±160 kHz [3].

Both pulse shapes were modelled in the system simulation for the packet data service.

In order to cover differences in legacy receiver filter implementations, a significant margin of 2dB was assumed. The system simulation therefore evaluated the impact of the 1st adjacent channel at 12.3 dB for a pulse shape providing 14.3 dB suppression.

Table 1. Suppression, relative to lin. GMSK filter at 0 kHz offset.
	
	0 kHz
	200 kHz
	400 kHz*

	Linearised GMSK pulse shape (narrow)
	0 dB
	18 dB
	50 dB

	Optimised pulse shape measured after PA (wide)
	0.3 dB
	14.3 dB
	52.0 dB

	*this was not taken into account in the system simulation


3. system scenarioS
The system scenarios which were used to evaluate both pulse shapes were taken from Table 4-1 of the SAIC Feasibility Study [4]. These scenarios were specified with operator input to determine the capacity gain for different penetrations of SAIC terminals. In this contribution, Configuration 1 and Configuration 4 are considered.
Both configurations assume 4 transceivers per sector, with speech and packet data restricted to 2 transceivers each. Hopping was used across all transceivers, so that speech and packet data were mixed.
	Parameter
	Value
	Unit

	Configuration 1 - Asynchronous

Frequency

Bandwidth 

Reuse

Hopping

Voice Codec

Blocking

Cell Radius


	900

7.8

4/12 (BCCH) 
3/9 (TCH)

Baseband

AMR 12.2 FR

2

500
	MHz

MHz

%



	Configuration 4 - Asynchronous

Frequency

Bandwidth 

Reuse

Hopping

Voice Codec

Blocking

Frequency Load

Cell Radius


	900

7.2

1/3 (TCH)

Random RF

AMR 12.2 FR

2

30

300
	MHz

MHz

 %

%

 m


Common simulation assumptions for both configurations were taken from Table 4-2 of [4] and are shown below.

	Parameter
	Value
	Unit
	Comment

	Sectors (cells) per site
	3
	
	

	Sector antenna pattern
	UMTS 30.03 
	
	

	
	
	
	

	Propagation model
	UMTS 30.03 
	
	Pathloss exponent, MCL

Per 30.03

	Log-normal fading 
	standard deviation
	6 (900)

8 (1900)
	dB

dB
	

	
	Correlation distance
	110
	m
	

	Adjacent channel interference attenuation
	18
	dB
	Carrier +/- 200 KHz

	Handover margin
	3
	dB
	

	Mobile speed
	TU3
	km/h
	

	Mean Call length

Minimum Call Length
	90

5
	sec.

sec.
	

	Voice activity
	60%
	
	Includes SID signalling.

	DTX
	Enabled
	
	

	AMR link adaptation
	Disabled
	
	

	BTS output power
	20
	W
	

	Power control

Dynamic Range

Step Size
	RxQual/RxLev

14

2
	dB

dB
	

	Noise figure
	10 
	dB
	Reference temperature 25c

	Inter-site Lognormal Correlation Coefficient
	0
	
	

	Traffic data models for EGPRS
	FTP file sizes ranging from 200 to 400kB
	
	


4. Results

4.1 SAIC configuration 1

4.1.1 Pulse shape impact to legacy speech services

Six system simulations have been carried out in total, one for each PS data traffic load (FTP file sizes of 200, 300 and 400kB) and one for each pulse shape (narrow = Linearised GMSK Tx pulse shape and wide = Optimised pulse shape).

The first diagram shows the proportion of speech traffic (CS) and data traffic (PS) for each simulation as a function of total resources. Speech traffic load was set to achieve the target blocking rate of 2 %.

The second diagram shows the speech quality as a function of the data load (file size in kB from 200 to 400). Two metrics for speech quality are shown. The orange/yellow colours show the percentage of calls whose average number of bad frames exceeded 2% (Bad Quality Calls) and the green colours show the percentage of 2 second samples whose  average number of bad frames exceeded 2% (Bad Quality Samples). Both metrics were used in [4] (see Section 7.3.1).
Table 2 summarises the difference as a percentage of Bad Quality Calls and Bad Quality Samples between the narrow and the wide Tx pulse shape for each configured data load.
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Table 2. Difference as a percentage of bad calls between the narrow and the wide Tx pulse shape.
	Data load
	Difference in percentage of Bad Quality Calls (BQC)
	Difference in percentage of Bad Quality Samples (BQS)

	200
	0.0%
	0.1%

	300
	0.4%
	0.1%

	400
	0.2%
	0.2%


4.1.2 System interference statistics

The cumulative distribution functions of C/Ic, C/Ia, C/N and overall C/I are shown below (taken after the Rx filter) for the highest data load and for the narrow and wide Tx pulse shapes.
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The following can be observed from the distribution functions.

When the wide pulse shape was used:

· Adjacent channel interference increased by 2dB.

· Co-channel interference did not change and remained the dominant interference (by 4 dB).

· Overall C/I for 90% of the bursts was greater than 10.5 dB compared to 11.5 dB for the narrow pulse shape.
4.1.3 Pulse shape impact to RED HOT B throughput

[this part will be included later]
4.2 SAIC configuration 4

4.2.1 Pulse shape impact to legacy speech services

In this section, the same results as described in 4.1.1 are given but for the SAIC configuration 4 (1/3 reuse).

Table 3 summarises the difference as a percentage of Bad Quality Calls and Bad Quality Samples between the narrow and the wide Tx pulse shape for each data load.
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Table 3. Difference as a percentage of bad calls between the narrow and the wide Tx pulse shape.
	Data load
	Difference in percentage of Bad Quality Calls (BQC)
	Difference in percentage of Bad Quality Samples (BQS)

	200
	0.0%
	0.5%

	300
	0.2%
	0.5%

	400
	0.3%
	0.6%


4.2.2 System interference statistics

The cumulative distribution functions of C/Ic, C/Ia, C/N and overall C/I are shown below (taken after the Rx filter) for the highest data load and for the narrow and wide Tx pulse shapes.
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The following can be observed from the distribution functions.

When the wide pulse shape was used:

· Adjacent channel interference increased by 3 dB.
· Co-channel interference increases by 0.5 dB and remained the dominant interference (by 5 dB). Note that the increase in co-channel interference is probably due to the power control reacting to the higher level of adjacent channel interference.

· Overall C/I ratio for 90% of bursts was higher than 7.5 dB compared to 8.5 dB for the narrow pulse shape.

4.2.3 Pulse shape impact to RED HOT B throughput

[this part will be included later]
5. Conclusion

The wider pulse shape can be used without noticeable impact to legacy speech services for interference limited networks as well as noise limited networks.
Two system scenarios were considered: 

For the mixed 4/12 and 3/9 reuse network, interference is not a major problem and a negligible impact to legacy speech quality was observed.
For the tigher 1/3 reuse network, only a small impact was seen in speech quality even though a rather pessimistic 30% penetration of total traffic was assumed for the wide pulse shape.
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