3GPP TSG GERAN#53

Tdoc GP-120152
Hamburg, Germany

Agenda item 7.1.5.1.4
27th Feb – 2nd March, 2012
Source: Telefon AB LM Ericsson, ST-Ericsson


3GPP TSG GERAN#53

Tdoc GP-120152

Wide pulse for VAMOS
1 Introduction

The VAMOS feature has been implemented in Rel-9 of the GERAN specifications. Its implementation was based on the conclusions from the MUROS study, see ‎[1].
As part of the MUROS study a spectrally wide pulse shape for VAMOS was also investigated but never included in VAMOS Rel-9 due to time constraints and lack of proposals on what pulse to specify.
In this contribution a spectrally wide pulse for VAMOS is proposed and different options on how to specify the wide pulse is discussed. A number of CRs are also submitted to this meeting taking one of the approaches outlined, to limit the specification impact of the wide pulse to the BTS.
2 Background

In the MUROS study the possible network capacity improvements with a wide pulse was evaluated for the candidate technique “Adaptive Symbol Constellation“. Impact to non-VAMOS allocations due to the introduction of a wide pulse was also evaluated, see ‎[2]. 
Figure 1 and Figure 2 show examples of results from the investigation. It can be seen that a spectrally wide pulse brings network capacity gains in the order of 15 percentage points in the scenario investigated. It is also noted that the pulse should not be chosen too wide if maximum system capacity is sought and impact to users in non-VAMOS is to be kept low.
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Table 1. Capacity gain MUROS-2, Scenario I, see ‎[2].
In Figure 2 the impact on quality to users not in VAMOS mode is investigated. Very little negative impact on quality was seen up to HanRCRC240 and even improvements in quality of non-SAIC MS with a narrower receiver filter than SAIC was observed, see ‎[2] for more details.
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Table 2. Impact on performance from different TX pulse shapes on users in non-VAMOS mode, MS penetration scenario I (upper) and II (lower), see ‎[2].
Based on these, and other, results from the MUROS TR it was concluded that:

“Additional capacity enhancements have been identified through the evaluation of a number of spectrally wide transmit pulse shapes to be used in downlink. The impact on legacy mobiles has been studied and for a number of the evaluated pulse shapes no harmful degradation of voice services for those users has been observed (the pulse shapes for which the impact was negligible were the Hann windowed RRC with 180 kHz, 220 kHz and 240 kHz bandwidths and the numerically optimised Tx pulse OPT2). It is proposed to add a spectrally wide TX pulse shape to VAMOS in order to fully exploit these gains in network capacity with details of the TX pulse shape left to be specified under the VAMOS work item.”
3 Wide pulse

3.1 Design
Based on the conclusions of the MUROS study a spectrally wider pulse is proposed. The pulse has been chosen to:

· Comply with the conclusions of the MUROS TR 
· Be possible to specify with an analytical expression
· Provide lower PAR characteristics than LinGMSK 

The pulse chosen is a Chebyshev windowed RRC pulse with un-windowed 3 dB bandwidth of 220 kHz and a roll-off of 0.5.
The characteristics of the pulse in terms of CCP, 1st ACP, 2nd ACP is listed in Table 3. Also the characteristics of Hanning windowed RRC and the numerically optimized Tx pulse OPT2-pulse are shown, together with the legacy Linearized GMSK pulse.
It can be seen that the proposed pulse shape complies with the characteristics of the Hanning windowed RRC 240 kHz pulse from the conclusions of the MUROS TR. 
Table 3. Transmit pulse shape characteristics.
	Transmit pulse shape
	CCP [dB]
	ACP [dB]
	2nd ACP [dB]
	PAR [dB] @

SCPIR 0 dB

	LinGMSK
	0.0
	18.4
	63.7
	3.4

	OPT2
	0.3
	15.7
	69.6
	2.8

	Han. RRC 240
	1.1
	13.1
	71.5
	3.2

	ChebyRRC220 (R=0.5)
	1.1
	12.8
	70.8
	2.3


3.2 Definition

The pulse is defined in the Annex. In ‎[3] the oversampling rate os has been constrained to values os >= 8 because the frequency response of the pulse shaping filter is slightly dependent on the value of os when os <  8. This is due to the fact that the digital Chebyshev window, unlike continuous time windows, is itself dependent on the value of os. However, for values of os >= 8, the frequency response of the pulse shaping filter is essentially independent of the oversampling rate, with variations appearing in the stop band, well under the level of the wideband noise, thus resulting in a spectrum due to modulation that is independent of os.
3.3 Spectrum mask

Due to the lower 1st ACP the spectrum mask need to be relaxed accordingly. A proposal of spectrum mask relaxation is shown in Figure 4. The proposal is also incorporated in ‎[4] and ‎[5]. 
As can be seen, only the requirement at 200 kHz offset needs to be relaxed to be able to keep the wide pulse within the proposed mask. The legacy spectrum mask is kept at frequency offsets > 250 kHz.
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Table 4. LinGMSK spectrum mask and proposed relaxation of spectrum mask at 200 kHz offset together with the respective pulse shaping filter.
4 Way forward
Since the wide pulse for VAMOS has not been included from Rel-9 due to time constraints the wide pulse is proposed to be defined in a later release. 
The sub-sections below outline aspects to be considered and alternatives on way forward for the specification work.
4.1 Specification work

4.1.1 Only additional BTS performance requirements
The wide pulse is defined in the specifications with no additional downlink performance requirements for the MS. There will be added requirements on Spectrum due to modulation and a new PvT mask for the wide pulse that needs to be defined for the BTS.
The necessary changes could be done within VAMOS Rel-10.
4.1.2 Additional performance requirements for BTS and MS 

The wide pulse is defined in the specifications as a requirement on Spectrum due to modulation and wideband noise, and a new PvT mask, for the BTS. Additional performance requirements for the MS are defined together with a MS capability indication to the network.
Given the larger scope of the work (considering MS requirements are needed) the changes are better suited for a new work item for VAMOS.
4.2 Technical aspects of specification work
4.2.1 Applicability of the wide pulse

The applicability of the wider pulse, i.e. if the pulse can be applied to all VAMOS allocations or only to VAMOS allocations with two MS explicitly indicating support for either one of the two VAMOS levels (i.e. VAMOS I or VAMOS II), will impact system capacity.
This aspect was evaluated in ‎[2] and the results are shown in Figure 5. In the simulations the penetration of non-SAIC/SAIC/VAMOS I MSs were assumed to be 35/15/50 %. 
Table 5. Applicability of the wide, see ‎[2].
	Configuration
	VAMOS capacity gains [%]

	Only LinGMSK (reference)
	63

	Wide pulse applied if both users in a VAMOS pair are VAMOS MSs
	64

	Wide pulse applied to all MSs in VAMOS mode
	72


It is clear that additional gains are brought by applying the wide pulse to all users in VAMOS mode. If this is not allowed there is a clear trade-off between allowing VAMOS MSs to, as much as possible, be allocated together with non-VAMOS MSs to avoid TSCs pairing from only set 1, compared to allocating VAMOS MSs in pairs to maximize the use of the wider pulse. There will also be a conflict of suitable pairing of users and maximizing VAMOS MS pairing.
4.2.2 VAMOS performance impacts

In the MUROS TR the impact to both VAMOS users and non-VAMOS users, due to the introduction of a wide pulse, was evaluated. However, there was no analysis on the impact to the interferer scenarios in the specification (no VAMOS specification existed at the time). The VAMOS interferer scenarios are specified with both VAMOS modulated wanted and interfering signal. To determine the impact to the minimum performance requirements specified in Rel-9 the relative performance difference to the current requirements should be investigated assuming a wide pulse is deployed in the network, i.e. the wide pulse applied to both wanted and interfering signal. 
An initial investigation on the impact of VAMOS II MS performance was performed in ‎[7] and additional input on this topic is submitted to this meeting in ‎[8], ‎[9] and ‎[10]. Based on the input it is clear that a discussion is needed in GERAN1 on how to proceed.
5 Conclusions
The document has discussed the introduction of a spectrally wide pulse in the specifications based on the conclusion of the MUROS study.
A pulse shape has been proposed that follow the conclusion reached for MUROS and that can be analytically specified in 3GPP TS 45.004.
Different ways on how to proceed with specification work depending on technical input has been outlined. It has also been noted that important input to the discussion has been submitted in ‎[8], ‎[9] and ‎[10] that need to be discussed before reaching a conclusion on a way forward
A set of Rel-10 CRs have also been submitted to GERAN#53 following the approach of only specifying additional performance requirements for the BTS, see ‎[6], ‎[3]. ‎[4], ‎[5]. 
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7 Annex

Below is the definition of a spectrally wide pulse shape 
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 is the continuous time representation of a discrete time pulse shape 
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 defined at the sampling instants 
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 denotes the oversampling rate. 
The filter coefficients 
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The base band signal is
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The spectrally wide pulse shaping filter is a root raised cosine filter 
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[image: image17.wmf]76

=

m

dB. The pulse has a duration of 5 normal symbol periods T. 
Define:

· the length of the discrete pulse  
[image: image18.wmf]1

5

+

×

=

os

N


· the sampling frequency 
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· the half length of the pulse 
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The root raised cosine filter is given by the following expression.
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The Chebyshev window coefficients
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are defined in terms of the Chebyshev polynomial 
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as follows:

Firstly, attenuation 
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Secondly, a normalization factor 
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is defined. 
With these definitions, the window coefficients are given by
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Finally, the discrete filter coefficients are obtained multiplying the root raised cosine filter coefficients by the Chebyshev window coefficients.
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