3GPP TSG GERAN #36

GP-071723
Vancouver, Canada

November 12th – 16th 2007

Source: Telefon AB LM Ericsson

Agenda item 7.1.5.9
3GPP TSG GERAN #36

GP-071723

Investigation of system impact from relaxing IBSS IM performance requirements
1 Introduction

To make the use of multi-carrier transmitters feasible in GSM/EDGE systems it has been proposed to introduce a new class of BTS with relaxed requirements on the IBSS IM performance.

This document presents a number of system simulations performed for several different scenarios to evaluate the impact on system performance.

To reduce the simulation work a simplified model of the IM impact is used. Thus the simulation results should be seen as the upper limit when maximum capacity is used in the networks.

2 Simulation models

2.1 Model of transmitted spectrum

To model the impact from IM products on GSM receivers the requirements are converted from peak-hold to average values. In this investigation a conversion factor of ‑10 dB is used. This is relevant as long as the wideband noise is suppressed at least as much as IM products below wanted carrier power. To describe the requirements in present GSM specifications, -80 dBc (RMS) corresponds to –70 dBc peak hold.

The relaxed requirement set maximum IM to -70 dBc RMS from 1.2 MHz frequency offset to end of transmit band for macro BTSs, and from 1.8 MHz frequency offset for the micro BTSs

The sum of IM products and spurious emissions from a multicarrier RBS is modelled as wideband noise. This implies that all frequencies are always interfered in all time-slots. This corresponds to a really worst case scenario, but it is relevant for comparing the impact from different IM suppression performance. The real situation is less serious due to idle timeslots, power control, frequency hopping, etc.

2.2 Simulation environment and model

Investigations show that the impact on one operator’s network performance is low if the new BTS class replaces the old BTS. In the uncoordinated case there may be an obvious risk of impact on other operator’s network due to near-far effects. This is further studied in this contribution.

2.3 Uncoordinated scenario

Two separate approaches have been used for the simulations:

· Large cells with cell radius above 1000 m. In this case hexagonal cell structure is used and Okumura-Hata propagation model implemented. 

· For small radius cells in city centers, Walfish-Ikegami propagation model is used and geographical description of a real city environment is implemented. This model is limited to cell radii of less than 600 m due to lack of geographical data

In both cases, distribution of C/I in the nodes are calculated, but no traffic generated or analysed. Based on the C/I in different positions the possible data throughput is estimated. In the small-cell scenario also the risk for increased dropped-call is investigated.

To estimate the data throughput following mapping is used:
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Figure 1: Mapping Throughput to C/I for EGPRS and EGPRS2-A
These curves are based on simulation according the following simulation presumptions:

	Parameter
	Value

	Channel profile
	Typical Urban (TU)

	Terminal speed
	3 km/h (TU)

	Frequency band
	900 MHz

	Frequency hopping
	Ideal (TU)

	Interference/noise
	Co-channel

	Antenna diversity
	No

	Equalizer

States


16QAM


32QAM
	DFSE

16

32

	Tx pulse shape
	Lin GMSK pulse

	Rx filter

  - Bandwidth
	RRC1
   240 kHz

	RRC rolloff
	0.3

	Impairments:

– Phase noise

– I/Q gain imbalance

–I/Q phase imbalance

– DC offset

– Frequency error

– PA model
	Tx / Rx

0.8 / 1.0   [degrees (RMS)]

0.1 / 0.2   [dB]

0.2 / 1.5   [degrees]

-45 / -40  [dBc]

  -   / 25   [Hz]

Yes/   -

	MS noise figure
	6 dB

	Note 1: The 3 dB bandwidth of the RRC filter before windowing.


3  Large-cell scenarios

3.1 Scenario description

These scenarios are described by traditional hexagon cell structures. The interfering system is structured in the same way as the interfered system, but is BTS locations are shifted geographically to be at cell borders of the other system.
[image: image2.emf]
Figure 2. Example of scenario where EDGE cells overlaid the GSM cells

Note that although the same frequency plan is assumed for both systems, the resulting impact on EDGE performance is applicable to other reuse in the interfering system as well. This is due to the basic assumptions for the spectrum described in chapter 2.1. 

It assumed that interfering BTSs are transmitting at maximum power and emitting IM products to a fixed level on all EDGE channels. However, to evaluate the impact on GSM system performance, the knowledge of frequency reuse in GSM system is essential.

Simulation assumptions are:

· Output power from BTSs of both systems is +38 dBm

· All cell radius is 1.0, 2.0 or 4.0 km cell radius 

· Frequency reuse for the interfered system is varied: 3/9 and 4/12

· Cumulated IM/spurious emission level from each BTS in the interfering system is -70 dBc.

3.2 Simulation results

The areas where the C/I of EDGE signal is degraded more than 3 dB by the presence of GSM signals is illustrated below:

	[image: image3.emf]Area where C/I degradation > 3 dB compared to no IM


Figure 3. Area with >3 dB degradation of C/I when BTSs of interfering system is located at cell borders and its IM is -32 dBm.


As seen the area with highest C/I degradation is located close to the sites of the second, interfering system. The percentage area where C/I is degraded more than 3 dB when interfering transmitters are switched on is listed in the table below for a number of cases:

	IM level of interfering system 
	-22 dBm
	-32 dBm

	Frequency reuse
	3/9
	4/12
	3/9
	4/12

	Cell radius (m)
	1000
	2000
	4000
	1000
	2000
	4000
	1000
	2000
	4000
	1000
	2000
	4000

	Degraded area (%)
	1.14
	0.86
	0.40
	1.4
	0.93
	0.35
	0.31
	0.25
	0.13
	0.33
	0.24
	0.09


Table 1: Percentage of area showing degradation more than 3 dB.
Corresponding C/I degradation, bit-rate degradation and relative bit-rate respectively are shown below for frequency reuse 4/12 and cell radius 4000 m and 1000 m:  
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Figure 4: Distribution of degradation in C/I (dB) in EDGE system with 4/12 reuse plan. Cell radius 4000 m.
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Figure 5: Distribution of degradation in C/I (dB) in EDGE system with 4/12 reuse plan. Cell radius 1000 m
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Figure 6: Distribution of bit-rate degradation (kbps) in EGPRS system with 4/12 reuse plan. Cell radius 4000 m.
	[image: image7.emf]0 1 2 3 4 5 6 7 8 9 10

90

91

92

93

94

95

96

97

98

99

100

Degradation in bitrate for EGPRS

Degradation in bitrate [kbps]

C.D.F. [%]

 

 

IM relaxed to -70 dBc


Figure 7: Distribution of bit-rate degradation (kbps) in EGPRS system with 4/12 reuse plan. Cell radius 1000 m.

	[image: image8.emf]90 91 92 93 94 95 96 97 98 99 100

  1 

    

  3 

    

    

    

    

    

    

 10 

    

 30 

    

    

    

    

    

    

100 

Relative degradation in bitrate for EGPRS

Degradation in bitrate compared to interfering system switched off[%]

C.D.F.   [%]

 

 


Figure 8: Distribution of relative bit-rate (%) in EGPRS system with 4/12 reuse plan. Cell radius 4000 m.
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Figure 9: Distribution of relative bit-rate (%) in EGPRS system with 4/12 reuse plan. Cell radius 1000 m
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Figure 10: Distribution of bit-rate degradation (kbps) in EGPRS2-A system with 4/12 reuse plan. Cell radius 4000 m.
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Figure 11: Distribution of bit-rate degradation (kbps) in EGPRS2-A system with 4/12 reuse plan. Cell radius 1000 m.
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Figure 12: Distribution of relative bit-rate (%) in EGPRS2-A system with 4/12 reuse plan. Cell radius 4000 m.
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Figure 13: Distribution of relative bit-rate (%) in EGPRS2-A system with 4/12 reuse plan. Cell radius 1000 m.


The impact in smaller cell case is greater. While the degradation of bit rate compared  to the bitrate when GSM system is switched off, is less than 0.6% for 99% of the users for the larger cells the higher C/I in the smaller cells are more sensitive to increased IM products from interfering system. 
4 City environment simulations
4.1 Scenario description

From a street map of a fairly large city, sites for BTSs of 2 systems are located. The sites were adjusted to be located on roof of building (macro sites) or in street corners (micro sites). Two cases are investigated: uncoordinated systems (2 macro systems or 1 macro and 1 micro system) and 2 co-sited macro systems. Examples of site locations are shown in figure 2 and 3:

	[image: image14.wmf]
Figure 14: Street map with 2 macro systems
	[image: image15.wmf]
Figure 15: Street map with 1 macro and 1 micro system


A frequency plan for each system was allocated. 

The systems deployed in same area are independently frequency planned in adjacent bands with 200 kHz guard band. The macro systems have 3/9 reuse pattern and its BTS output power is +38 dBm fed into a 3-sector 17 dBi antenna (no power control), transmitting max power on all TS. The micro systems have 6/6 reuse pattern, BTS output power +30 dBm into an omni antenna, transmitting max power on all TS. The interfering system may be GSM or EDGE (EGPRS or EGPRS2-A).

Nodes in all the streets are located (blue dots in figure 2 or 3) and an attenuation matrix between each node and the different BTSs is calculated for each case. 

C/I in each node are calculated, but no traffic is generated or analysed.
Parameters were varied to minimise the dependence of cell planning and geographical details. Following parameters were varied:

· C/I in each node is calculated assuming spectrum for each carrier to be

· according to GSM 45.005, i.e. –80 dBc RMS IM floor level

· according to GSM 45.005 but IM relaxed to -70 dBc floor level

· Cell size macro: 300 m radius (called dense), 600 m radius (called sparse)
· Cell size micro: 10-150 m radius (adjusted to street corners)
· Average roof height and Macro BTS antenna height above street level to simulate different dense city scenarios and signal strength distribution:

· roof 16 m, BTS antenna 25 m (Figure 16-17 for dense macro system)

· roof 20.5 m, BTS antenna 25 m (Figure 18-19 for dense macro system)

· Dropped call criterion is defined as the minimum C/I required sustaining a call. This C/I criterion was varied 6 to 14 dB for one scenario.

· Rate adaptation for packet service is perfect and immediate to changes in C/I

Although the simulations are based on a specific map, the results can be interpreted in a statistical way. This means that the result can be applied to other urban scenarios. The conclusions drawn are seen as general.

4.2 Simulation results

4.2.1 Dense macro cell scenario

Varying the antenna height above average roof height different signal and C/I distributions are obtained:
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Figure 16: Signal strength distribution in a dense macro scenario. Roof height 16 m, BTS antenna height 25 m
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Figure 17: C/I distribution on the networks IM<-80 dBc. Roof height 16 m, BTS antenna height 25 m
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Figure 18: Signal strength distribution in a dense macro scenario. Roof height 20.5 m, BTS antenna height 25 m
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Figure 19: C/I distribution on the networks IM<-80 dBc. Roof height 20.5 m, BTS antenna height 25 m


4.2.2 Dropped call impact

Checking for nodes where criterion for dropped call (C/I=10 dB) is fulfilled for BTS spectrum according to 45.005 but not fulfilled if IM requirements are relaxed, a small number of nodes are found:

	[image: image20.wmf]
Figure 20: Nodes in a micro system with increased risk of dropped call at C/I= 10 dB


The number of affected nodes is low and fairly independent of the scenario. The macro systems show even less number of affected nodes. 

Looking at the percentage of nodes with C/I for different degree of relaxation, the following applies:

	BTS antenna /Roof height
	25m/16m
	25m/20.5m

	IM requirement
	-80
	-70
	-80
	-70

	Macro interfered by Macro (%)
	0.38
	0.38
	0.56
	0.56

	Macro interfered by Micro (%)
	0.30
	0.30
	0.64
	0.64

	Micro interfered by Macro (%)
	0.38
	0.65
	0.37
	0.61


Table 2: Percentage of nodes with C/I> 10 dB before but C/I<10 dB after relaxation

The percentage of affected nodes is low for relaxation to –70 dBc:
	[image: image21.wmf]


Figure 21: Nodes in a micro system with increased risk of dropped call at C/I= 10 dB
Varying the criteria for dropped call the following dependence was found:
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Figure 22: Percentage of nodes with risk for dropped call as function of C/I, Macro to macro nterference
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Figure 23: Percentage of nodes with risk for dropped call as function of C/I. Micro interfered by macro.


The impact on macro systems is negligible. For the micro system the impact is larger, and may be significant in some areas.

4.2.3 Impact on data rates

For services whose data rate is adapting to actual C/I to optimise performance, any degradation in C/I may have an impact on system performance. Looking at the street map, the nodes with more severe degradation than 3 dB (arbitrary number) are shown below for micro system interfered by a dense macro system with IM relaxed to –70 dBc
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Figure 24: Nodes in micro system showing >3 dB degradation in C/I at relaxation to –70 dBc

Looking at the distribution of C/I degradation for the different scenarios when IM suppression is relaxed to – 70 dBc, compared to –80 dBc:
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Figure 25: Distribution of C/I degradation in dense macro scenario. Roof height 16m, BTS antenna 25 m
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Figure 26: Distribution of C/I degradation in dense macro scenario. Roof height 20.5 m, BTS antenna 25 m.


A summary of the impact as the percentage of nodes with more than 3 dB C/I degradation is found in table below.

	BTS antenna / Roof height (m)
	25/16
	25/20.5

	IM requirement (dBc)
	-70
	-70

	Macro interfered by Macro (%)
	0.03
	0.54

	Macro interfered by Micro (%)
	0.06
	0.22

	Micro interfered by Macro (%)
	10.6
	10.6


Table 3 Percentage of nodes degraded more than 3 dB compared to –80 dBc IM attenuation.

The distribution C/I degradation can be translated to a distribution of degradation in user data rate, in absolute measures (kbps) or relative to maximum data bit rate possible with no relaxation (%).

4.2.3.1 EGPRS systems
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Figure 27: Distribution of absolute data rate degradation (kbps) when IM –70 dBc. Dense macro scenario, roof height 16 m, BTS antenna height 25 m.
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Figure 28: Distribution of relative data rate (%) when 
IM –70 dBc. Dense macro scenario, roof height 16 m, BTS antenna height 25 m.
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Figure 29: Distribution of absolute data rate degradation (kbps) when IM –70 dBc. Dense macro scenario, roof height 20.5 m, BTS antenna height 25 m.
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Figure 30: Distribution of relative data rate (%) when 
IM –70 dBc. Dense macro scenario, roof height 20.5 m, BTS antenna height 25 m.


The degradation in data rate for macro system is small for all normal cases. The relative data rate is better than 96% for 99% of the positions. For micro cell system there are a few nodes with large degradation, but only 3% have more than 8% degradation.

The impact on total system capacity, measured as cumulative data rate in percentage of cumulative data rate with no relaxation, is very low (table 4).

	BTS-antenna / Roof height (m)
	25/16
	25/20.5

	IM requirement (dBc)
	-70
	-70

	Macro interfered by Micro (%)
	100.0
	100.0

	Micro interfered 
by Macro (%)
	99.3
	99.5

	Macro interfered 
by Macro (%)
	100.0
	99.9


Table 4 System capacity relative to system without relaxation

For relaxation –70 dBc the system capacity is at least 99.3% in all cases.

4.2.3.2 EGPRS2

Introduction of new, higher-order modulations in EGPRS2 have some different impact on the distribution of user data rates:
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Figure 31 Distribution of absolute data rate degradation (kbps) when IM –70 dBc. Dense macro scenario, roof height 16 m, BTS antenna height 25 m.
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Figure 32: Distribution of relative data rate (%) when 
IM -70 dBc. Dense macro scenario, roof height 16 m, BTS antenna height 25 m.
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Figure 33: Distribution of absolute data rate degradation (kbps) when IM -70 dBc. Dense macro scenario, roof height 20.5 m, BTS antenna height 25 m.
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Figure 34: Distribution of relative data rate (%) when 
IM –70 dBc. Dense macro scenario, roof height 20.5 m, BTS antenna height 25 m.


The degradation in data rate for macro system is very small for all normal cases. The data bit rate is better than 94% for 99% of the positions. 
For micro cell system there are a few nodes with large degradation, 4.6% have >10% degradation.

The impact on total system capacity, measured as cumulative data rate in percentage of cumulative data rate with no relaxation, is very low (table 5).

	BTS-antenna / Roof height (m)
	25/16
	25/20.5

	IM requirement (dBc)
	-70
	-70

	Macro interfered by Micro (%)
	100.0
	99.9

	Micro interfered by Macro (%)
	98.9
	99.2

	Macro interfered by Macro (%)
	100.0
	99.9


Table 5 System capacity relative to system without relaxation

For relaxation –70 dBc the system capacity is at least 98.9% in all cases.
4.3 Sparse macro scenario

To check how sensitive the results of the simulations are to cell planning, some simulations were performed with double size of the macro cell (called sparse macro scenario). All other parameters were unchanged.

The scenario shows lower average signal strength:
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Figure 35: Signal strength in sparse macro scenario. 
Roof height 16 m, BTS antenna 25 m
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Figure 36: C/I distribution in sparse macro scenario. 
Roof height 16 m, BTS antenna 25 m


4.3.1 Impact on dropped call rate

The same type of behaviour as in dense macro scenario is seen, with only a few nodes affected. Nodes with low signal strength from its connected BTS and close to BTS of other system show increased risk of dropped call.

Varying the criteria for dropped call the following dependence was found:
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Figure 37: Percentage of nodes with risk for dropped call as function of C/I, Macro to macro interference
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Figure 38: Percentage of nodes with risk for dropped call as function of C/I. Micro interfered by macro.


The impact on macro systems is negligible. For the micro system the impact is fairly small, but may be significant in some areas.

	BTS antenna / Roof height (m)
	25/16

	IM requirement
	-80
	-70

	Macro interfered by macro (%)
	0.18
	0.20

	Macro interfered by micro (%)
	0,27
	0.28

	Micro interfered by macro (%)
	0.26
	0.26


Table 6 Percentage of nodes with C/I> 10 dB before but C/I<10 dB after relaxation 
(increased in risk for dropped calls)

4.3.2 Impact on data rates

A street map showing the nodes that experience degradation in C/I that is more than 3 dB, is similar to that in dense case:

The percentage of nodes where C/I is degraded by more than 3 dB is shown in Table 7 for some different scenarios.

	[image: image39.wmf]
Figure 39: Street map with nodes where C/I degraded >3 dB


	BTS antenna / Roof height (m)
	25/16

	IM requirement (dBc)
	-70

	Macro interf. by Macro (%)
	0.42

	Macro interf. by Micro (%)
	0.77

	Micro interf. by Macro (%)
	3.59


Table 7: Percentage of nodes where C/I degraded >3 dB.

Characteristic for this scenario is that the impact on micro system is significantly lower (1/3). On the other hand is the impact on macro systems a little higher, but still fairly small. The increased impact on macro system is due to lower signal strength in many nodes from its own BTSs.

The distribution of C/I degradation shows this clearly:
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Figure 40: Distribution of C/I degradation in sparse macro scenario with IM -70 dBc. Roof height 16 m, BTS antenna 25 m


Corresponding impact on user data rates is shown below.

4.3.2.1 EGPRS
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Figure 42: Distribution of data rate degradation (kbps) in sparse macro scenario when relaxed to –70 dBc. Roof height 16 m, BTS antenna height 25 m.
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Figure 43: Distribution of relative data rate (%) in sparse macro scenario when relaxed to –70 dBc. Roof height 16 m, BTS antenna height 25 m


The impact on the distribution of data rates is quite low for systems relaxed to –70 dBc.

The total capacity reduction is still quite small (Table 8):

	BTS-antenna / Roof height (m)
	25/16

	IM requirement (dBc)
	-70

	Macro interfered by Micro (%)
	99.8

	Micro interfered by Macro (%)
	99.6

	Macro interfered by Macro (%)
	99.9


Table 8: System capacity relative to system without relaxation
The impact in extreme scenario for macro systems interfered by micro systems is higher than in the dense case, but is still reasonable for IM -70 dBc.

4.3.2.2 EGPRS2
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Figure 44: Distribution of data rate degradation (kbps) in sparse macro scenario when relaxed to –70 dBc. Roof height 16 m, BTS antenna height 25 m.
	[image: image44.emf]50 55 60 65 70 75 80 85 90 95 100

  1 

    

  3 

    

    

    

    

    

    

 10 

    

 30 

    

    

    

    

    

    

100 

C.D.F.   [%]

Relative bit rate [%] in sparse EGPRS2-A system with -70 dBc IM attenuation

Heights: Roof 16m, BTS antenna 25m

 

 

Macro interf. by Micro

Micro interf. by Macro

Macro interf. by Macro


Figure 45: Distribution of relative data rate (%) in sparse macro scenario when relaxed to –70 dBc. Roof height 16 m, BTS antenna height 25 m


The impact on the distribution of data rates is quite low for systems relaxed to –70 dBc.

The total capacity reduction is still quite small (Table 9):

	BTS-antenna/Roof height (m)
	25/16

	IM requirement (dBc)
	-70

	Macro interfered by Micro (%)
	99.7

	Micro interfered by Macro (%)
	99.5

	Macro interfered by Macro (%)
	99.8


Table 9: System capacity relative to system without relaxation
The impact in extreme scenario for macro systems interfered by micro systems is higher than in the dense case, but is still reasonable.

5 Discussion and conclusion

Relaxing the IBSS IM requirements to -70 dBc (RMS) seems to have small impact on system performance except in some specific environments. In the simulations the impact on a micro system from surrounding, uncoordinated macro system may be significant. This seems to be due to originally high C/I in the micro cells, i.e. this system has low co-channel interference. In this case the degradation is noticeable both from risk of dropped call and from data throughput point of view. The conclusion is that similar impact can be expected in a macro system as well if he same C/I conditions applies. This trend is seen when the cell radius is decreased and the C/I is increasing in the cells.
It should be noted that the simulation results here shall be seen as a worst case and reflects an upper limit for the impact. There are several factors that will reduce the impact:

· The assumption corresponds to that there will be IM products of the same size from interfering network at every channel and burst used. This is probably not the case in practical system, even if it is fully loaded. For instance, typically IM amplitude decreases at higher order of modulation. The contribution from each BTS depends thus on the frequency distance and is not constant. The total IM power from an interfering system is then lower than assumed in these simulations.
· Rate adaptation is assumed to be perfect and instantaneous. In practice algorithms will act a bit slower and less aggressive. This will probably reduce the impact as well.

· Downlink power control would also reduce the potential problem.

· Frequency hopping will reduce the impact considerably.

· The impact from MS IM has not been considered.
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