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1 Introduction
VAMOS has been shown to bring substantial hardware efficiency gains by multiplexing two users on the same resources with the use of AQPSK modulation in the DL and multi-user detection receivers in the UL. 
It has for long been discussed in GERAN on whether or not to introduce a spectrally wider pulse than the legacy Linearized GMSK pulse for DL transmission with AQPSK. A wider pulse can reduce the inter-symbol interference and thus increase the orthogonality between the sub channels and potentially improve receiver performance. However, a wider pulse will alter the interference distribution of the network which might have negative impact on performance.
This document evaluates system level performance for VAMOS when using the wider pulse. Systems with 100% VAMOS MSs and system with mixed penetration of VAMOS and legacy mobiles have been investigated.
The document is an update of [7] with updated results for AHS5.90 simulations, based on further network optimization, and a different approach in identifying the impact on legacy mobiles seen from the introduction of a wider pulse.
Significant changes compared to [7] are highlighted in red.
2 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.
3 Methodology
3.1 System evaluation

In order to evaluate both the potential maximum gains brought by a wider pulse and the potential impact to non-VAMOS MSs two different MS penetration scenarios have been investigated, listed in Table 1.
Table 1. 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.
3.2 TX pulse shapes

At most 11 different TX pulse shapes, listed in Table 2, have been evaluated.
Table 2. 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.


The theoretical CCI and ACI values have been calculated, assuming a LinGMSK receive filter truncated at ± 160 Hz, and are shown in Table 3.
Table 3. ACI and CCI values of Tx pulse shapes investigated.

	Pulse shape
	CCI [dB]
	ACI [dB]
	2nd ACI [dB]

	Ref (LGMSK)
	0.0
	18.4
	63.7

	OPT1
	1.4
	11.6
	70.1

	OPT2
	0.3
	15.7
	69.6

	Han. RRC 180
	0.3
	17.1
	74.3

	Han. RRC 200
	0.6
	15.7
	73.9

	Han. RRC 220
	0.8
	14.3
	72.3

	Han. RRC 240
	1.1
	13.1
	71.5

	Han. RRC 260
	1.4
	12.0
	71.3

	Han. RRC 280
	1.7
	10.9
	70.2

	Han. RRC 300
	2.0
	10.0
	65.9

	Han. RRC 320
	2.3
	9.2
	59.7


It should be noted that, in contrast to what is stated in [5], the VAMOS OPT1 pulse seems not to be equivalent to a Hanning windowed RRC 240 kHz of rolloff 0.3 and length 5.
In Table 4 the Peak-to-Average Ratio, PAR, is shown for the pulses investigated.
Table 4. Tx pulse PAR.

	Pulse shape
	PAR [dB]

	Ref (LGMSK)
	3.35

	OPT1
	2.03

	OPT2
	2.77

	Han. RRC 160
	3.52

	Han. RRC 180
	3.14

	Han. RRC 200
	3.32

	Han. RRC 220
	3.29

	Han. RRC 240
	3.04

	Han. RRC 260
	2.58

	Han. RRC 280
	2.39

	Han. RRC 300
	3.10

	Han. RRC 320
	3.60


It can be noted that the Hanning windowed RRC is decreasing in PAR until the symbol rate of 270,833 Hz where the PAR is 2.27 dB.
In the updated simulation results compared to [7] not all pulse shapes have been investigated. The limited set of pulse shapes have still been chosen to range the same bandwidth as the investigation in [7].
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.
3.3 Channel allocation
The channel allocation methodology is described in Section 2.1 of [1]. It should be noted that although different MS penetration levels are investigated the simulations do not consider VAMOS pairs using TSCs from only TSC set 1.
3.4 Power control
VAMOS specific power control has been applied in the system simulations with a maximum SCPIR of 8 dB and a SCPIR granularity of 2 dB.

3.5 Modeling 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].
It should be noted that, compared to previous methodology, no mappings are used but the link is instead modeled by the link simulator. The external interference will be modeled dynamically in each burst and thus reflect change in e.g. modulation, Tx pulse shape and SCPIR for AQPSK.
4 Results

4.1 Simulation assumptions
4.1.1 Network configurations

To evaluate the introduction of a wider pulse for different interference scenarios three different network configurations have been evaluated; one with more sparse frequency re-use and two with a tighter re-use pattern.

The three different system set ups are taken from [3] (Table 1).
Table 5. Network configurations
	Parameter
	MUROS-2
	MUROS-3A
	MUROS-3B

	Frequency band (MHz)
	900
	1800
	1800

	Cell radius
	500 m
	500 m
	500 m

	Bandwidth
	9 MHz
	2.4 MHz
	2.4 MHz

	# channels 
	45
	12
	12

	# TRX
	5
	4
	4

	BCCH frequency reuse
	Not simulated
	Not simulated
	Not simulated

	TCH frequency re-use
	3/9
	1/3
	1/1

	Frequency Hopping
	Baseband 
	Synthesizer
	Synthesizer

	Length of MA
	5
	4
	12

	Fast fading type
	TU-50
	TU-50
	TU-50

	Network sync mode
	Sync
	Sync
	Sync

	Propagation Model
	UMTS 30.03 
	UMTS 30.03
	UMTS 30.03

	Sector Antenna Pattern (*)
	UMTS 30.03
	UMTS 30.03
	UMTS 30.03

	Simulation time*
	300
	500
	500

	Network size (cells)
	144 
	75
	75


       * Unless otherwise stated

4.1.2 MS receivers

The link level performance of the SAIC and VAMOS I MS is identical with the only difference that the VAMOS I MS supports the new set of TSCs defined in [2] and can thus be allocated to both VAMOS sub channels.

No optimization to take the wider pulse shape into account has been done in the receiver.

The Rx bandwidth of the receivers used are listed in Table 6.

Table 6. MS Rx bandwidth
	MS receiver 
	RX bandwidth

	SAIC/VAMOS I
	250 kHz

	Non-SAIC
	160 kHz


4.1.3 Channel modes
In order to understand the impact of different Tx pulse shapes for VAMOS it is desirable to use network configurations and channel modes giving reasonably high capacity gains. Thus, two different channel modes have been evaluated, chosen based on the provided gains by VAMOS in e.g. [1]. 

Table 7. Chanel 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)


4.1.4 Minimum call quality performance

The following criteria for call quality definition have been used, unless otherwise stated, acc to [3]:

· Average DL Call FER < 2% for at least 95% of the users (Full Rate calls)

· Average DL Call FER < 3% for at least 95% of the users (Half Rate calls)

· Blocked Calls > 2% (Blocked Calls / Call Attempts * 100%)

Note: Only the DL has been evaluated while an ideal UL has been assumed.

4.2 Simulation results
In Section 4.2.1.1 - 4.2.3 the performance gains for MUROS-2, MUROS-3A and MUROS-3B are depicted for the different pulse shapes used for AQPSK. 
The mobile penetration was according to MS penetration scenario I, II, see Table 1.
The blocking reference used in all scenarios to calculate capacity gains is taken from [6].
4.2.1 System capacity gains

4.2.1.1 MUROS-2
In Figure 1 the absolute system capacity of each simulated Tx pulse shape is depicted. The system capacity gains achieved with each pulse shape is indicated in the legend.
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Figure 1. Capacity gain MUROS-2, Scenario I.

In order to ease readability and draw conclusions from the results the presentation used in Figure 2 will be used in the rest of the document.
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Figure 2. Capacity gain MUROS-2, 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 3. MUROS-2, 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.
It should be noted that in the simulations it is assumed that all MS can be allocated on a VAMOS channel, i.e. both legacy MSs and VAMOS MSs will be allocated with wanted signals utilizing the wider pulse.

4.2.1.2 MUROS-3A & MUROS-3B
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Figure 4. MUROS-3A, Scenario I.
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 nor at 50 % VAMOS I penetration.
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Figure 5. MUROS-3A, Scenario II.

At 1/1 re-use, similar gains are seen as for 1/3 with no difference between the wider pulses investigated.
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Figure 6. MUROS-3B, Scenario I.
4.2.2 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 as presented in 4.2.1.1 and 4.2.1.2. E.g. for MUROS-2 100% VAMOS I penetration, the load is placed at 118 Erlang/Cell (see Figure 1). 
All MS types are investigated and can be considered legacy users since there is no difference in RX performance for SAIC or VAMOS I MSs (see 4.1.2).
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. The target FER value is shown in the figures below.
For these simulations the simulation time has been extended according to Table 8 to ensure that small performance differences are captured in the simulations.
Table 8. Simulation time.
	Network configuration
	Simulation time

	MUROS-2
	1800 sec.

	MUROS-3A
	10000 sec.


4.2.2.1 MUROS-2
Firstly, the potential gains by a wider pulse are investigated in Figure 7 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 7. 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 the quality of users allocated in non-VAMOS mode are depicted for MS penetration scenario I.
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Figure 8. 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 9 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 9. Impact on performance from different TX pulse shapes on users in non-VAMOS mode, MS penetration scenario II.
4.2.2.2 MUROS-3A

Simulations have also been carried out for MUROS3-A for MS penetration scenario I and II.
In Figure 10 the impact to non-VAMOS allocations are shown.
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Figure 10. Impact on performance from different TX pulse shapes on users in non-VAMOS mode, MS penetration scenario I.
There is no clear trend on the impact to non-VAMOS users when increasing the bandwidth. This can be explained by the C/I-distributions in Figure 14 where the AQPSK interferer levels are around 15 dB below the corresponding GMSK level.
For MS penetration scenario II there are again small differences seen in quality for non-VAMOS allocations for the SAIC MSs, while also in this scenario a more clear gain for the non-SAIC MS in performance from the lower CCI present with a wider pulse. 
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Figure 11. Impact on performance from different TX pulse shapes on users in non-VAMOS mode, MS penetration scenario II.
4.2.3 Applicability of the wider pulse

A wider pulse can impact the performance of legacy mobiles, both SAIC and non-SAIC, in either a positive or negative way. In either case, the applicability of the wider pulse, i.e. if it can be applied to all VAMOS allocations or only to VAMOS allocations with two VAMOS MSs (i.e. VAMOS I or VAMOS II), will impact system capacity.
In Figure 12 the impact of applying the wider pulse to a VAMOS pairs with two VAMOS MSs compared to all pairs irrespective of mobile capability is investigated . MUROS-2 has been simulated using MS penetration Scenario II, where a 50% penetration of VAMOS I mobiles is used.
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Figure 12. Applicability of the wide pulse to either all MSs or only VAMOS MSs. MUROS2, MS penetration Scenario II.
It is clear that additional gains are brought by allowing all MSs to utilize the wider pulse. 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 maximize paring of TSCs from set 1 and set 2, compared to allocating VAMOS MSs in pairs to maximize the use of the wider pulse. It should be noted that the channel allocation algorithm in the simulator is implemented to maximize VAMOS pairing.
5 Analysis

To better understand the impact of a wider pulse, network level dumps have been collected to estimate the distribution of interferers in the system. The system load has been chosen at which point 95% of the users are satisfied (as defined in Section 4.1.4). 
Both MUROS-2 and MUROS-3A has been investigated for the Linearized GMSK pulse and the Hanning windowed RRC with bandwidth 240 kHz.
In Figure 13 the C/I-distribution is plotted with co-channel, and adjacent channel interference separated, as well as the modulation of the interferers. Included in the legend is also the probability of presence (PoP) and the median C/I value of each type. The interferer level of each interferer type has been summarized on a burst-by-burst basis.
In the legends of the figure the following conventions apply:
[Intf. type (CO/ADJm/ADJp)], ([GMSK=G/AQPSK=A]),[PoP], [median C/I value]
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Figure 13. C/I distributions MUROS-2, LinGMSK (left) and HanRRC240 (right).
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Figure 14. C/I distributions MUROS-3A, LinGMSK (left) and HanRRC240 (right).

It can be seen that widening the pulse has impact on both interferer levels and PoP.
It can be noted that in both scenarios the AQPSK, ADJ interferer (which is the interferer expected to be of most significance to performance when widening the pulse) is significantly lower than the dominating interferer type, GMSK. The reason for this is partly depending on the fact that the VAMOS system does not reach blocking in any of the two network configurations and thus the ratio of non-VAMOS (GMSK) channels is still significant. Further, given the nature of VAMOS, where the base station, even for VAMOS allocations, will use GMSK modulation when the paired user is inactive, the GMSK ratio will further increase. For an activity factor of 0.6, GMSK will still be used in 0.57% of the transmitted bursts.
6 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.

Whether the additional gains seen in the sparser re-use network is solely due to the different interferer characteristics or if the lower gains of VAMOS with LinGMSK in the tighter re-uses play a role is left FFS.

In any case, the different interferer profiles present in the two systems give rise to different impacts from the wider pulse. In the 3/9 re-use system investigated a Hanning windowed (5 symbols) RRC of 240 kHz bandwidth was reaching the highest capacity gains while at the 1/3 and 1/1 re-use there are small gains observed with a wider pulse with not as clear difference depending on the bandwidth.
Regarding possible gains with a wider pulse it should also be mentioned that no increase in the max Tx power has been considered due to lower PAR (see Table 4) which could have a positive effect on the results (with the downside that the wide interference levels could increase).
Further, no optimization in the MS receiver has been performed for the wider pulse, and a legacy SAIC implementation has been used.
It should however be noted that only three network configurations have been investigated. Any introduction of a wider pulse for VAMOS shall strive to minimize impacts on the spectrum mask and general spectral properties of legacy networks, while considering possible capacity gains brought by a wider pulse. Apart from network configuration it has also been seen that the impact from a wider pulse depends e.g. on the speech activity factor and VAMOS gains at which the wider pulse is introduced.
The impact on capacity gains comparing strictly limiting the wide pulse to a VAMOS allocation with two mobiles explicitly supporting VAMOS or if also legacy mobiles (and/or VAMOS mobiles not explicitly indicating support for the wider pulse) can be allocated on a VAMOS channel utilizing the wider pulse has been investigated. The possible gains brought by a wider pulse will be significantly impacted if there is a restriction on the use of the wider pulse as can be seen in 4.2.3.
Further it has not been extensively discussed if the support of a wider pulse should be optional or mandatory for the MS.
7 Conclusion

Based on the findings in this discussion paper it is proposed to specify a spectrally wide pulse for VAMOS and, further to:
· Allow for allocations of a wider pulse in VAMOS irrespective of MS capability (see 4.2.3).

· Make it mandatory for both VAMOS I and VAMOS II mobiles to support a wider pulse (i.e. the support of a wider pulse is implicitly signaled by the VAMOS support indication by the MS and the MS shall fulfill performance requirements both with the Linearized GMSK pulse and a wider pulse).
· It is further proposed to, if possible, define a pulse shape chosen among commonly known, well defined, pulse shapes and windows. 
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� If using the Linearized GMSK pulse shape as reference pulse.
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