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1. Introduction

It is already understood that in noise limited network scenarios, the wider pulse shape is not expected to have any impact to legacy speech users. 
For the interference scenarios, the impact is expected to be related to the dynamic interaction of a number of factors e.g.:

· whether the network scenario is CCI or ACI dominated;

· the reduction in activity time of the optimised pulse shape coming from the throughput gain of the optimised pulse shape

· the shape of the optimised pulse shape as characterised by its associated attenuation values
· the proportion of data traffic with respect to speech traffic

· the back-off that is specified for the data traffic on the BCCH

A study item was opened at TSG-GERAN#36 in order to provide the opportunity to evaluate the factors.
In this contribution, a system performance evaluation based on a dynamic system model is provided. The model has been configured using the assumptions given in Table 2 in the WIDER Technical Report [3] and also the scenarios which are proposed in [2].

Link to system interface
The pulse shape under evaluation was the 2nd optimised pulse shape in [3] section 7.2. This pulse provides 12.1 dB ACP for the first adjacent channel, and fulfils also the second adjacent channel protection with 50.1 dB (this latter figure was obtained from simulations that used a realistic PA model).
Table 2 shows CCI and ACI attenuation values for the evaluated pulse shape that was used in the system simulations. The attenuation derivation of these values are further described in [1].
Table 2 Attenuation values of optimised pulse shape
	dB
	legacy receiver
	RRC receiver

	
	CCI
	ACI
	CCI
	ACI

	Legacy GMSK
	0.0
	-18
	0.0
	-6.1

	Proposed
	-1.0
	-12.1
	-0.1
	-5.0


Given that the mappings obtained from link-level simulations in [1] were found to be very similar for all of the different scenarios, only the link to system interface obtained for the 4/12 BCCH WIDER-1/2 configuration has been used in the system evaluations in this contribution.
2. system scenarioS
The evaluated system scenarios were taken from [2] with the exception that 3 TRXs instead of 4 TRXs have been assumed for WIDER-1. The simulation assumptions common for each of the scenarios were taken from [3]. 
Table 1: Configuration specific assumptions

	Parameter
	WIDER-1
	WIDER-3

	Frequency band
	900 MHz
	900 MHz

	Cell radius
	500 m
	500 m

	Bandwidth
	4.4 MHz
	8.0 MHz

	Guard band
	0.2 MHz
	0.2 MHz

	Number of channels (excl. guard band)
	21
	39

	Number of TRX
	3
	4

	BCCH frequency reuse
	4/12
	4/12

	TCH frequency reuse
	1/1
	3/9

	Frequency hopping
	synthesized
	baseband

	Length of MA
	9
	4 (includes BCCH carrier)

	BCCH or TCH under interest
	BCCH and TCH
	BCCH and TCH

	Network sync mode
	sync1
	sync1

	1timeslots are assumed to be aligned; TDMA frames are assumed to be aligned on intra-site level and randomly aligned on inter-site level.


Table 2: Common assumptions

	Parameter
	Value
	Unit
	Comment

	Sectors per site
	3
	
	

	Sector antenna pattern
	UMTS 30.03
	
	

	Propagation model
	UMTS 30.03
	
	Path loss exponent, MCL

Per 30.03

	Log-normal fading
	Standard deviation
	6
	dB
	

	
	Correlation distance
	110
	m
	

	Handover margin
	3
	dB
	

	Channel profile and mobile speed
	TU50
	km/h
	

	Mean call length

Minimum Call Length
	50

5
	s

s
	

	Voice activity
	60%
	
	Includes SID signalling

	DTX
	enabled
	
	

	Voice codec
	AFS12.2
	
	

	AMR link adaptation
	disabled
	
	

	Channel rate adaptation
	disabled
	
	

	Channel allocation
	Random
	
	

	BTS output power
	20
	W
	

	Power control

Dynamic range

Step size
	RxQual/RxLev

20

2
	dB

dB
	

	Noise figure
	10
	dB
	Reference temperature 25ºC

	Inter-site log-normal correlation coefficient
	0
	
	

	Traffic data model
	FTP with 1 MByte file size
	
	

	Link adaptation
	enabled
	
	

	Incremental redundancy
	disabled
	
	

	Back off
	8PSK / QPSK
	
	
	The maximum back-off on the BCCH carrier shall be vendor specific

	
	16QAM / 32QAM
	
	
	

	Penetration of the optimised pulse shape
	100%
	
	


3. Results
In this section, the results for the following simulation cases are given:

WIDER-1 NB (BCCH only) – WIDER-1 scenario with only BCCH layer simulated, where the EGPRS2-B data service used the LGMSK pulse shape.

WIDER-1 WB (BCCH only) – same as above, but where the EGPRS2-B data service used the optimised pulse shape.

WIDER-1 NB (TCH only) – WIDER-1 scenario with only TCH layer simulated, where the EGPRS2-B data service used the LGMSK pulse shape.
WIDER-1 WB (TCH only) – same as above, but where the EGPRS2-B data service used the optimised pulse shape.
WIDER-3 NB (BCCH + TCH) – WIDER-3 scenario where both the BCCH and TCH layers were simulated, and where the EGPRS2-B data service ued the LGMSK pulse shape.
WIDER-3 WB (BCCH + TCH) – same as above, but where the EGPRS2-B data service used the optimised pulse shape.

It can be expected that the results are dependent on the load of both PS and CS resources in the network. For the CS resources, a loading was used so that there was about 2% of blocked calls. For the PS resources, a loading was used so that for the reference case (data using the LGMSK pulse shape), there was a balance in the rate of newly arriving and ending PS calls. This corresponds to the maximum PS load the network can support without being overloaded. In other words, it is the worst case load sustainable. In the optimised pulse simulation cases (WB) the network PS load was somewhat lower due to higher throughput of the optimised EGPRS2-B pulse. However, the offered data load (amount of FTP data to be transfered – as requested by the users) was about the same in both NB and WB cases.
3.1 Pulse shape impact to legacy speech services
The impact to speech service was evaluated based on speech quality and user satisfaction criteria. A bad quality call was having 2% or more speech frame erasures. A satisfied user in the simulation was represented by a completed call of acceptable quality (FER < 2%), which was neither blocked nor dropped. Call dropping in this case, occured due to radio link failure or due to handover signalling failure.
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[image: image2.emf]Satisfied voice users
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We can see that the optimised pulse shape has rather negligible impact on legacy speech performance in scenarios WIDER-1 (BCCH only) and WIDER-3 (BCCH + TCH). The network configuration in scenario WIDER-1 (TCH only) was found not to be good enough to support speech service. Even when the data service was using LGMSK pulse, the proportion of bad quality speech calls was around 27% and overall user satisfaction around 70%. This is a highly interference-limited scenario, and so any shortening in the activity time of the data calls due to the optimised pulse shape was seen to translate directly into a lower overall interference in the network. A summary of the activity times of the data service when using the LGMSK and the optimised pulse shape is shown below. It can be seen that the largest improvement from the optimised pulse shape is with WIDER-1 (TCH only) .
[image: image3.emf]Data service mean activity time
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The resulting overall CIR levels perceived by the speech service users are shown as a CDF is the figure below. The median levels are summarised as follows:

	Scenario
	Total C/I towards speech users (dB)

	WIDER-1 NB (BCCH only)
	23.3

	WIDER-1 WB (BCCH only)
	23.2

	WIDER-1 NB (TCH only)
	17.5

	WIDER-1 WB (TCH only)
	19.1

	WIDER-3 NB (BCCH + TCH)
	23.6

	WIDER-3 WB (BCCH + TCH)
	23.9


It can be seen that while the total C/I due to the optimised pulse shape remains unchanged for WIDER-1 (BCCH only) and WIDER-3 (BCCH + TCH), the total C/I for WIDER-1 (TCH only) shows a marked improvement coming from the optimised pulse shape.
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3.2 Pulse shape impact to EGPRS2-DL level B throughput
The evaluation criteria was throughput per call. Three percentiles from the collected throughput cumulative distribution statistics were selected: 10th, 50th and 90th percentile, representing the majority, median and peak throughput respectively.
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[image: image6.emf]Wider pulse throughput gains
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The results show that the optimised pulse shape nearly doubles the throughput in case of WIDER-1 (BCCH only) and WIDER-3 (BCCH + TCH). For the WIDER-1 (TCH only) scenario, the gain is greater than 100%. This is because both the optimised pulse has a higher throughput and the total CIR is improved for data users when using the optimised pulse.
	Scenario
	Total C/I towards data users (dB)

	WIDER-1 NB (BCCH only)
	15.5

	WIDER-1 WB (BCCH only)
	14.0

	WIDER-1 NB (TCH only)
	15.5

	WIDER-1 WB (TCH only)
	16.8

	WIDER-3 NB (BCCH + TCH)
	18.2

	WIDER-3 WB (BCCH + TCH)
	17.8
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4. Conclusion

The optmised pulse shape can be used without impact to legacy speech services for interference limited networks. At least networks with 4/12, 3/9 and 1/1 reuse frequency planning can support the wider pulse shape.
For data services, the wider pulse provides the expected gains in throughput.
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