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8.2.2.4

Evaluation of wide pulse for VAMOS
8.2.2.4.1
Background

The linearized GMSK pulse shape was first introduced for EGPRS with 8PSK modulation. The pulse introduces inter-symbol interference while keeping the adjacent channel protection at roughly 18 dB
 between GSM carriers.

Introducing a wider pulse for VAMOS will reduce the inter-symbol interference and decrease the adjacent channel protection.

With reduced inter-symbol interference the orthogonality between the paired VAMOS users is improved, which can potentially improve the VAMOS operation with AQPSK resulting in increased speech capacity.

However, for users experiencing the wider pulse shape as adjacent interferer the experienced interference level will potentially increase in which case it would negatively impact performance.
8.2.2.4.2
Methodology

Two different MS penetration scenarios have been investigated, listed in Table 8-16f.
Table 8-16f. MS penetration scenarios investigated

	MS penetration 

scen.
	MS penetrations

(non-SAIC/SAIC/VAMOSI)
	Description

	I
	(0/0/100)
	100% VAMOS I penetrations 

Only one TX pulse applied for AQPSK throughout the respective simulation 

System capacity is evaluated on all users

	II
	(35/15/50)
	50 % penetration of non-VAMOS mobiles

Both non-SAIC and SAIC mobiles are allowed to be allocated on VAMOS channels and also to utilize the TX pulse used (i.e. also wider pulse shapes)

System capacity is evaluated on all users


It should be noted that system evaluation has been performed utilizing only one TX pulse shape (i.e. different TX pulse shapes have not been used depending on the MS capability), unless otherwise stated.

At most 11 different TX pulse shapes, listed in Table 8-16g have been evaluated.
Table 8-16g. Evaluated TX pulse shapes.

	TX pulse
	Description

	LinGMSK
	Linearized GMSK

	VO1
	VAMOS OPT1 (as proposed in [4])

	VO2
	VAMOS OPT2 (as proposed in [4])

	HanRRC
	RRC pulse 

180-320 kHz1 (20 kHz steps)

rolloff = 0.3

Hanning windowed

5 symbols

	1) 3dB bandwith before windowing.


NOTE: In the system level evaluation a power backoff corresponding to the PAR of LinGMSK has been applied to all pulse shapes. Considering that LinGMSK experiences larger PAR than all pulses, except for Han. RRC 320 kHz (where the difference is 0.25 dB), this can be seen as a possibility of further improvements with a wider pulse.
8.2.2.4.2.1 Power control
Alpha-QPSK power control has been applied in the system simulations with a maximum SCPIR of 8 dB and a SCPIR granularity of 2 dB.
8.2.2.4.2.2
Channel allocation
The channel allocation methodology is described in Section 2.1 of [8-11].
8.2.2.4.2.3
Modelling of link performance

An integrated link level simulator has been used in the system level evaluations. More details on the methodology for that simulator are provided in [8-39].

8.2.2.4.3
Results
8.2.2.4.3.1 
Simulation assumptions
Network configurations are according to Section 5 with simulation time of 300 sec. and network size of 144 cells for MUROS-2 and simulation time 500 sec and network size of 75 cells for MUROS-3.
Two MS receivers have been modelled in the simulations with RX bandwidth according to Table 8-16h.
Table 8-16h. MS Rx bandwidth.

	MS receiver 
	RX bandwidth

	SAIC/VAMOS I
	250 kHz

	Non-SAIC
	160 kHz


Two different channel modes have been evaluated, chosen based on the maximum provided gains by VAMOS and relevance of the codecs.
Table 8-16i. Channel mode adaptations.

	Network configuration 
	Channel modes

	MUROS-3A & 3B
	AFS 5.9 (Reference case)

	MUROS-3A & 3B
	AFS 5.9 <-> VAMOS (AFS 5.9)

	MUROS-2
	AHS 5.9 (Reference case)

	MUROS-2
	AHS 5.9 <-> VAMOS (AHS 5.9)


Minimum call quality is defined according to 5.6 unless otherwise stated.
8.2.2.4.3.2
System capacity gains
8.2.2.4.3.2.1
MUROS-2, MS penetration scenario I

At 100% VAMOS I penetration, there are clear gains with all wider TX pulse shapes investigated with maximum additional gains (compared to the linearized GMSK pulse) of 14 percentage points for the Hanning windowed RRC of 240 and 260 kHz pulse. At pulse width 300 kHz a loss, compared to the maximum gain, is seen when increasing the width further.
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Figure 8-69a. Capacity gain MUROS-2, Scenario I.
8.2.2.4.3.2.2
MUROS-2, MS penetration scenario II

At 50% VAMOS I penetration and 35% non-SAIC penetration the gains profile  with a wider pulse is similar to the case of 100% penetration, with maximum additional gains of 10 percentage points.
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Figure 8-69b. MUROS-2, Scenario II.
8.2.2.4.3.2.2 MUROS-3A and MUROS3-B, MS penetrations scenario I
8.2.2.4.3.2.3 In the tighter re-use scenario, 1/3, the gains with a wider pulse shape are smaller. However, no losses are observed at neither 100 % VAMOS I penetration
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Figure 8-69c. MUROS-3A, Scenario I
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Figure 8-69d. MUROS-3B, Scenario I
8.2.2.4.3.3 
Impact on legacy users
To estimate the impact a wider pulse might have on legacy users network simulations were carried out with the MS penetrations listed in Table 1. 

In these simulations statistics are logged for all users in the network but the allocations are separated between users in VAMOS mode and non-VAMOS mode. I.e. for the case of non-VAMOS allocations the statistics are always collected with GMSK as carrier modulation experiencing increased adj-channel interference and decreased co-channel interference due to the wide band TX pulse. Users in VAMOS mode will be subject to possible gains with the wide band pulse while also being subject to the difference in interferer characteristics.

The network is placed at a load corresponding to the highest capacity gain achieved with a wide pulse at quality limitation
The requirement on minimum call FER, as defined in 4.1.4, has been chosen to target 95 % happy users. This is to allow for more statistics to be calculated and to make it easier to identify the impact from a wider pulse.
8.2.2.4.3.3.1
MUROS-2

Firstly, the potential gains by a wider pulse are investigated in Figure 8-69e for users in VAMOS mode in MS penetration scenario I. It can be seen that the quality is significantly increased with at most 9 percentage points of users fulfilling the quality requirement.
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Figure 8-69e. Impact on performance from different TX pulse shapes on users in VAMOS mode, MS penetration scenario I.

In the remainder of this section only impact to users in non-VAMOS mode is investigated.

In figure 8-69f the quality of users allocated in non-VAMOS mode are depicted for MS penetration scenario I.
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Figure 8-69f. Impact on performance from different TX pulse shapes on users in non-VAMOS mode, MS penetration scenario I.

It can be seen that the impact to users in non-VAMOS mode due to the wide pulse is negligible up to a bandwidth of 240 kHz where a more visible impact is seen especially for HanRRC300. However, if using the quality criteria as defined in 4.1.4 (a call FER requirements of 3%) the quality difference between the two extremes in the pulses investigated (i.e. LinGMSK and HanRRC300) is still below 0.1% percentage points.
Figure 8-69g shows the performance per MS type in the mixed MS type penetration scenario II for MUROS-2. It can be seen that a similar profile is seen for the SAIC MS as in Figure 8. For non-SAIC MSs an improved performance can be seen with a widening of the pulse up to 260 kHz. This is due to the relatively narrow RX bandwidth (160 kHz) that will be less impacted by the increased ACI from the wide pulse, while the reduced CCI benefits the receiver.
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Figure 8-69g. Impact on performance from different TX pulse shapes on users in non-VAMOS mode, MS penetration scenario II

Similar impact to legacy users have been seen also in tighter frequency re-use scenario MUROS3-A. Please see [8-38] for more details.
8.2.2.4.3.4
Discussion
This document evaluates the impact on system capacity of a wider pulse. It has been seen that a wider pulse can bring gains in all three network configurations investigated (3/9, 1/3 and 1/1 re-use). The largest gains were seen for the 3/9 re-use with up to 14 percentage points in addition to the gains with the LinGMSK pulse. In all scenarios there are no large additional gains by increasing the 3 dB bandwidth of the un-windowed RRC pulse larger than 220 kHz. It should be noted that the bandwidth actually transmitted, i.e. after windowing has not been investigated.
The contribution has shown that there are gains in speech capacity to be expected by the introduction of a wide pulse both at high and moderate penetration of VAMOS MSs and in both the tight and sparse frequency re-use scenarios investigated.
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8.2.5 Methodology and verification of integrated link simulator modeling
In the following subclause a methodology that integrates a link simulator in the network simulator is desctibed. Details on the modeling of interferers are given as well as the simplifications made to the modeling.
8.2.5.1
Methodology
8.2.5.1.1
Interferers
To limit the execution time of the integrated link simulator the number of interferers has been limited.

8.2.5.1.1.1
Interferer types

Only co-channel and first adj-channel interferer is modeled by the link simulator. Thus, any higher order adj-channel interferers are discarded.

The interferer bursts are all modeled with random bits in the TSC symbol positions to model a non-synchronized network.

8.2.5.1.1.2
Limit of interferers
In a system simulation there are typically a significant number of interferers experienced by each radio link. Due to the frequency re-use of the system, interferers will generally have lower gains the longer the distance to the receiver. How different number and types of (e.g. co-channel and/or adj-channel) interferers impact the receiver performance is very dependent on the receiver architecture.

8.2.5.1.1.2.1



Limiting the number of interferers
To limit the number of interfering bursts that needs to be generated for each carrier burst a fixed minimum number can be applied per interfering class. ‘Class’ is here referring to any difference in Tx-characteristics between interferers and/or interferer types. Thus, a GMSK co-channel interferer would be classified as a different class compared to an AQPSK interferer of SCPIR = 0 dB. Further, two AQPSK co-channel interferers of different SCPIR would also be classified as different interferer classes.

8.2.5.1.1.2.2 Requirement on modeled energy level

An additional requirement can also be added to the limitation of interferers to ensure that at least a certain amount of the energy in each class is modeled. This would primarily ensure performance accuracy in cases where the number of interferers is higher than the minimum number modeled and the interferers are at similar signal levels.
8.2.5.1.1.2.3

Conservation of energy
Both when limiting the interferers based on a fixed number and/or a requirement on modeled energy level it is always the momentary, faded energy level that is used.

Further, in order to conserve interferer energy the interferers are scaled based on the residual interferer power of each class.

8.2.6
Results
Two interferer scenarios have been investigated, CO-X and Multi-X, where the X refers to X number of interferers of equal strength. The multi scenario is based on two interferer types, CO-ch and ADJ-ch where the adjacent channel interferers are placed 3 dB higher than the corresponding CO-channel interferer,
For more details on the interferer scenarios used, see [8-39].
8.2.6.1


Limit of number of interferers

In Figure 8-90 the CO-X scenario have been simulated for AHS5.90. This is considered to be a worst case scenario in terms of the number of interferers needed to model correct link level performance. I.e. the structure of the interfering signal is most impacted if the interfering levels are similar for the different interferers.

The number of external co-channel interferers has been set between 3 and 10 and different requirements on energy levels have been scanned. For all simulations a minimum requirement of 2 interferers per class applies.
In the figures the performance difference (y-axis) is compared at 1% FER to the performance with no limitation on interferers.
At low requirements of modeled energy (<30%) there is a difference in performance of around 2 dB using interferer limit of two. It can further be seen that when 90% of the interferer energy is modeled there is at most a degradation of 0.2 dB irrespective of the number of interferers used (CO-X) and the minimum number of interferers being modeled.
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Figure 8-90. Different number of CO-interferers with minimum if-limit of two.

It must be noted that this is an extreme worst case scenario that has been modeled. I.e. as soon as more than one class is present and/or different type of interferers is present (adj-ch) a lower energy requirement is sufficient.
This is shown in Figure 8-91 where the Multi-X scenario with adj-ch interferers on both sides of the co-channel interferers has been used.
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Figure 8-90. Different number of Multi-interferers with minimum if-limit of two.
It can be seen that in this scenario a three interferer limit is sufficient to describe the interference with a maximum simulation difference of 0.1 dB.
8.2.6.2 Impact on simulated system capacity

In Figure 8-91 system level performance with and without (limit=20) a limitation of interferers in each class is shown. The system modeled is taken from [6] for the case of 100% VAMOS I MS penetration, MUROS-2 network and TX pulse HanRRC280. The choice of the wide HanRRC pulse is to ensure that there is a significant difference in the spectral properties of different interferer (GMSK vs. AQPSK).

It can be seen that impact on the simulated system capacity is minimal by limiting the number of interferers to 3.

An additional minimum energy requirement will increase the number of interferers being modeled and lower the impact further.
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Figure 8-91. System level VAMOS performance with (limit set to 3) and with interferer limitation set to 20.
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