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1 Introduction

To make the use of multi-carrier transmitters feasible in GSM system it has been proposed to introduce a new BTS class with relaxed requirements on both Intermodulation (IM) and Spurious Emission (SE).

Since GERAN 35, a lot of investigations have been performed on the impact due to the IM relaxation, and all the simulation results show that no significant additional interference could be seen with either 10 dB or 20 dB relaxation.

In this contribution, the simulations are performed with both relaxed IM and relaxed SE to estimate the real situation when introducing MCPA architecture BTS. 
Requirement relaxations levels are extended to align with what is specified in UTRAN.

Monte-Carlo System simulation, considered as co-existence in the same frequency band, will be performed in this contribution.
2 Simulation Assumption

2.1 Spurious Emission Requirement
Spurious Emission Requirement is specified in specification [6] as table a) and table b)
a)
	Band
	Frequency offset
	Measurement bandwidth

	
	(offset from carrier)
	

	relevant transmit
	( 1,8 MHz
	30 kHz

	band
	( 6 MHz
	100 kHz


b)

	Band
	Frequency offset
	Measurement bandwidth

	100 kHz to 50 MHz
	‑
	10 kHz

	50 MHz to 500 MHz outside the

relevant transmit band
	(offset from edge of the

relevant transmit band)
	

	
	( 2 MHz
	30 kHz

	
	( 5 MHz
	100 kHz

	above 500 MHz outside the
	(offset from edge of the
	

	relevant transmit band
	relevant transmit band)
	

	
	( 2 MHz
	30 kHz

	
	( 5 MHz
	100 kHz

	
	( 10 MHz
	300 kHz

	
	( 20 MHz
	1 MHz

	
	( 30 MHz
	3 MHz


For BTS Transceiver Station, the power measured in the conditions specified 
-in table a) shall be no more than ‑36 dBm.
-in table b) shall be no more than 250 nW (‑36 dBm) in the frequency band 9 kHz to 1 GHz;
For all the SE requirements above, peak hold value is assumed.

Proposed Relaxation
· Level 0: No relaxation. As specified in table a) and b) using peak hold measurement bandwidth.
· Level 1: as specified in table a) and b) but using average measurement bandwidth for multicarrier BTS class1.
· Level 2: In the case of multicarrier BTS class 2, the following requirements apply outside the relevant transmit band, where Δf is the frequency offset from the edge of the relevant transmit band. 
	Band
	Frequency offset outside 
relevant transmit band
	Maximum power 
limit all other BTSs
	Maximum power limit multicarriern BTS class 2

	9 kHz to 1 GHz
	( 10 MHz
	-36 dBm (250 nW)
	-36 dBm

	
	( 2 MHz
	-36 dBm
	-21 dBm

	
	( 5 MHz
	-36 dBm
	-36+3*( 10-Δf) dBm (Note)

	1 GHz to 12.75 GHz
	( 10 MHz
	-30 dBm (1 µW)
	-30 dBm

	
	( 2 MHz
	-30 dBm
	-21 dBm

	
	( 5 MHz
	-30 dBm
	-30+3,8*(10-Δf) dBm (Note)

	Note: Δf is the frequency offset outside  relevant transmit band in MHz


This is first proposed by Ericsson on MCBTS telco #2.
2.2 IM Requirement
Two different proposed IM relaxation extends are modeled in this paper:
· Level 0: -79dBc as specified in [5] for normal GSM900 BTS, for reference.
· Level 1: -70dBc for MCBTS Class1
· Level 2: -60dBc for MCBTS Class2
2.3 Relaxation Model
All in sum, in this contribution, the following requirement relaxation modes will be studied.

Original - Using requirements as specified in [5] for normal GSM900 BTS. It would be considered as the reference to evaluate additional impact caused by MCBTS requirement relaxation
MCBTS Class1 - relaxed SE Lv1

relaxed IM Lv1

MCBTS Class2- relaxed SE Lv2

relaxed IM Lv2
2.4 Operating band Description
Two uncoordinated system using GSM 900 system are assumed to be operating in the same location. The interfering system is using MCBTS with relaxed or unrelaxed requirement while the victim is using traditional BTS. It’s assumed that their operating frequency bands are next to each other with one guard band, so that all the relaxed IM and SE products fall into the victim system band and, the impact would be the worst.
MCBTS is operating at 100% traffic load. It implies that all the victim system frequencies are always interfered in all time-slots. 
This corresponds to very severe scenario and, it is relevant for comparing the impact due to the relaxation.
2.5 Simulation environment and model

Investigations show that the impact on one operator network performance is low if the MCBTS with relaxed requirement replaces the traditional BTS. So this paper is focus on the uncoordinated Scenarios. 

Typical urban and dense urban cell radii are used in different scenarios; both the interference network using MCBTS and the victim network using the traditional BTS are simulated. 

· 600m, radius for macro cells

· 200m radius for micro cells
Uncoordinated scenario

Two scenarios have been used for the simulations:

· Scenario1: Interfering BTSs are placed at the edge of the victim cells as figure 1
· Scenario2: Micro victim cells interfered by Macro cell BTSs as figure 2
In all scenarios, distribution of C/I in all nodes are calculated, but no traffic is generated or analyzed. Based on C/I value the risk for increased dropped-call and the possible data throughput are investigated.
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Figure 1 simulation scenario 1
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Figure 2 micro system interfered by macro system, scenario 2
PS simulation

To estimate the data throughput the following uplink level simulation result is used:
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Figure 3 Mapping Throughput to C/I for EGPRS and EGPRS2-A

Other simulation parameters

Table 2.1 simulation assumptions
	BTS and MS of the victim network

	Frequency Reuse 
	3/9

	Frequency Hoping
	ON

	TRx per cell
	4

	BTS single carrier maximum output power 
	40dBm for Macro Cell

30dBm for Micro Cell

	BTS antenna maximum gain
	15dBi

	BTS antenna main direction
	0°

	BTS height
	30m

	MS antenna maximum gain
	0dBi

	MS thermal noise
	-115dB

	MS linearity (IP3) 
	10dB better than according to specification

	Call drop criteria 
	C/I<10dB

	MCPA System

	frequency reuse factor
	4/12

	TRx per cell
	4

	Traffic Load per carrier
	100%

	Frequency Hoping
	OFF

	Maximum power 
	40dBm

	antenna maximum gain
	15dBi

	antenna main direction
	0°

	Simulation environment

	cell radius 
	600m for macro cell

200m for micro cell

	path loss model 
	Cost231‑Walfish‑Ikegami 

	slow fading(Note1)
	enabled


Note1: The slow fading is modeled as a Gaussian distributed random variable with zero mean and standard deviation σ. The shadow fading is expressed as the weighted sum of a common component, Zn, to all cell sites, and an independent component, Zl, from each cell site. In other words, Zn is generated based on local shadowing point at the node coordinates (e.g. related to a mobile station location), and Zl is generated based on local shadowing point for a given base station. The shadow fading value between node n and base station l is: 
SBn,l =a*Zn +b*Zl
The values for a and b are a2=b2=0.5

3 Simulation result
All the simulation results are summarized in this part. 
3.1 Marco interfered by Macro, Scenario 1
3.1.1 CS Domain

Very small SIR distribution difference can be seen.
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Figure 4 SIR CDF of Scenario 1
No increase of the drop call rate due to the dominating impact of MS IM.
Table 3.1

	
	Original
	MCBTS Class1
	MCBTS Class2

	Average C/I [dB]
	38.222
	38.196
	38.176

	Call drop rate increasing [%]
	-
	0
	0


3.1.2 PS Domain

The throughput rate decreases slightly with both of the 2 MCBTS classes. 
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Figure 5 Throughput Degradation of EGPRS in Scenario 1

The criteria of ‘throughput rate degradation>1kbps point rate’ is used here to evaluate the range of radio condition worsening due to the relaxation.
Table 3.2
	
	Original
	MCBTS Class1
	MCBTS Class2

	Average throughput rate [kbps]
	57.774
	57.767
	57.761

	Throughput rate degradation 

>1kbps point rate[%]
	-
	0.019048
	0.080952


It can be seen that the increased interfered area is less than 0.1% by the introducing of both MCBTS class 1 and class 2.
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Figure 6 Throughput degradation of EGPRS2-A in Scenario 1

Table 3.3

	
	Original
	MCBTS Class1
	MCBTS Class2

	Average data throughput [kbps]
	89.26
	89.227
	89.202

	Throughput rate degradation 

>1kbps point rate[%]
	-
	0.0119
	0.7095


It can be seen that the increased interfered area is less than 0.8% by the introducing of both class 1 and class 2.
3.2 Micro interfered by Macro, Scenario 2
3.2.1 CS Domain

Still, very small SIR distribution difference is seen in this scenario.
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Figure 7 SIR CDF of Scenario 2
Small increase of drop call rate in this scenario will be introduced by the relaxation MCBTS due to the original bad radio environment. 
Table 3.4
	
	Original
	MCBTS Class1
	MCBTS Class2

	Average C/I [dB]
	25.156
	25.155
	25.154

	Call drop rate increasing [%]
	-
	0.001
	0.003


3.2.2 PS Domain
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Figure 8 Throughput Degradation of EGPRS in Scenario 2
Table 3.5
	
	Original
	MCBTS Class1
	MCBTS Class2

	Average data throughput [kbps]
	48.095
	48.093
	48.092

	Throughput rate degradation 

>1kbps point rate[%]
	-
	0.0047619
	0.0095238


It can be seen that the increased interfered area is less than 0.1% by the introducing of both class 1 and class 2.
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Figure 9 Throughput Degradation of EGPRS2-A in Scenario 2
Table 3.6
	
	Original
	MCBTS Class1
	MCBTS Class2

	Average data throughput [kbps]
	63.835
	63.832
	63.829

	Throughput rate degradation 

>1kbps point rate[%]
	-
	0.02381
	0.033333


It can be seen that the increased interfered area is less than 0.1% by the introducing of both class 1 and class 2.
4 Conclusion
All the simulation results in this contribution show that:
· Relaxing the MCBTS IM requirements to average -70 dBc or -60 dBc seems to have a quite small impact on system performance in all scenarios, sometimes it even can not been seen because of the dominative impact from MS IM3 products.
· Additional relaxation of SE will lead to no significant system performance degradation as well.
· Impact due to relaxation on EGPRS2-A is larger than on EGPRS, but only slight PS throughput degradation could be seen.
· It should be noted that the simulation results in this paper shall be seen as a very severe situation because the assumption corresponds to that all the MCBTS carriers are working at 100% traffic load level. 
· Power control application could further decrease this impact.

All in sum, there will be neglectable impact to the co-exist GSM900 equipment when the MCPA using relaxed requirement, both MCBTS class1 and class2.
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