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System performance evaluation of candidate pulse shapes
1. Introduction

It is already understood that in a noise limited network scenarios, the wider pulse shape is not expected to have any impact to legacy speech users. However, in [1] it was questioned whether the wider pulse shapes 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:

· no CCI reduction, only increase in ACI

· 100% penetration for the wider pulse shape

· no improvement in speech by power control and frequency hopping
In this contribution, the impact of candidate pulse shapes on legacy voice services is evaluated by dynamic system level simulation, where power control and frequency hopping is assumed. Additionally CCI reduction was taken into account as well as increase in ACI.

The results assumed 100% penetration of the wider pulse shape for the data and so can be considered as optimistic.

system scenario
In this study reuse 1/3 (hopping layer) is assumed. Mixed traffic model was used including fixed voice traffic (EFR) and variable data traffic (FTP) load. DL voice was evaluated for single antenna receiver. Voice quality was measured in terms of good quality users (connection TCH FER > 1%). System simulation assumptions are shown in Table 1. 
Table 1 System simulation parameters
	Parameter
	Value

	Reuse
	1/3 (only TCH simulated)

	Bandwidth
	2.4 MHz

	TRX per cell
	4

	Shadow fading std
	6 dB

	Hopping
	Random

	Speech codec 
	EFR

	Speech load 
	7 Erlangs

	Speech Power Control
	Quality and level based

	EGPRS load
	Variable

	EGPRS DL Power Control
	No

	EGPRS traffic model
	FTP (120 kB)


The evaluated pulse shapes were the legacy linearised GMSK, the linearised GMSK scaled to 325ksymbols/s, the optimised pulse shape and the RRC at 325kHz bandwidth described in [2].
Table 2 shows CCI and ACI attenuation values for the evaluated pulse shapes that were used in the system simulation. The values are based on link level simulations results given in [2].

It can be seen that apart from the RRC at 325kHz bandwidth, all other pulse shapes fulfil the 12 dB adjacent channel protection value for the 1st adjacent channel which is the proposed boundary condition given in [3] for the spectrally wide pulse shape.

Table 2 Attenuation values of candidate pulse shapes
	dB
	CCI
	ACI

	Legacy GMSK
	0.0
	-20.9

	Lgauss325
	-0.2
	-17.2

	Proposed
	-0.9
	-14.1

	W-RRC
	-2.3
	-9.6


2. Results

System results are shown in Figure 1. It can be seen that apart from the RRC at 325kHz bandwidth, the impact of wider pulse shapes when compared to the linearised GMSK is quite marginal.  Even the RRC at 325kHz bandwidth the impact is only at very high data load where the legacy speech is anyway degraded by the linearised GMSK pulse shape.

[image: image1]
Figure 1 – Scenario 1 results (EFR speech, shadow fading std 6 dB)
Conclusion

The wider pulse shape can be used without impact to legacy speech services for interference limited networks as well as noise limited networks provided they are sufficiently co-channel limited.
At least networks with 1/3 reuse frequency planning can support the wider pulse shape.

Looser re-uses such as 4/12 are FSS, but as they are less co-channel they may exhibit a minor impact. However, as the interference is in general low in these networks, the increase in the actual number of bad quality samples is expected to be low.

In any case, it should be at the operators discretion in which scenarios the wider pulse shape shall be used and the degredation (in any) that can be tolerated.

Based on these conclusions, it is proposed that the TSG-GERAN agrees to:

· the introduction of two pulse shapes:
· a spectrally wide pulse shape for performance optimisation both for noise limited and interference limited networks

· a narrow pulse shape that filfils the 45.005 requirements in ACP for use on edge channels 
· the adjacent channel protection that is desired for the wide pulse shape

· non-exhaustive performance requirements for both pulse shapes
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