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1. Introduction

It was agreed to use simulated outdoor UE Tx power at 50% and 90% .  The simulation scenario is derived from the co-existence scenario 1 without interference, a single UMTS network is simulated with the cell range of 500 m in urban environment.  Then interference analysis for scenario 6 is performed by using the simulated UMTS UE Tx powers.
2. Simulated outdoor UE Tx power
The simulated outdoor UE Tx power cumulative distribution is plotted in the figure 1 below.
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Figure 1. Cumulative distribution of outdoor UE Tx power
The Outdoor UE Tx power at 90 th percentile and 50th  percentile are given in table 1.
Table 1.  Outdoor UE Tx power 

	C.D.F.
	90%
	50%

	Outdoor Tx power [dBm]
	-19.6
	-30.4


3. Interference analysis
1) Outdoor UMTS UE Tx power distribution

Outdoor UE Tx power distribution is derived from the Monte-Carlo simulations for the UMTS900 deployment scenario 1 defined in TR25.816 section 4.2.1 without interference. The outdoor UMTS UE Tx power distribution (CDF %) is indicated in the figure 2.
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Figure 2: UMTS UE Tx power distribution

The simulated outdoor UE Tx power cumulative distribution is given in the figure 1. The simulated transmitted powers at 90% and  50% are given in the table 1.
2) Indoor UMTS UE Tx power
Indoor UMTS UE Tx power can be estimated by the addition of the In-building Penetration Factor IPF to the outdoor UE Tx power, as shown in Figure2.  

Indoor UE Tx power = Outdoor UE Tx power  + IPF




(1)

Where IPF (Indoor Penetration Factor) represents the in-building penetration loss, two typical IPF values of 15 dB and 10 dB are to be used in the analysis.


If 


Indoor UE Tx power > Maximum UE Tx power


Then




Indoor UE Tx power =   Maximum UE Tx power



(2)

Where Maximum UE Tx power = 21 dBm .
Table 2.  Indoor WCDMA UE Tx power at 90% and 50% 

	
	90%
	50%

	Indoor UE Tx power (dBm) with IPF=10 dB
	-9.6
	-20.4

	Indoor UE Tx power (dBm) with IPF=15 dB
	-4.6
	-15.4


Based on the above assumptions, four typical indoor UMTS UE transmitting powers, -4.6 dBm, -9.6 dBm, -15.4 dBm, and -20.4 dBm will be considered in the analysis hereafter.

3) Determination of UE Tx power in GSM receiving channel

UE Tx power in GSM channel = Indoor UE Tx power – ACLRdf


(3)   

Where UE Tx power is the indoor UMTS UE Tx power obtained by step 2). ACLRdf is the attenuation which can be obtained from UMTS UE Tx spectrum mask defined in TS25.101 at UMTS – GSM carrier separation df. Two typical carrier separations of 2.8 MHz and 4.8 MHz will be considered. The ACLRdf for 2.8 MHz and 4.8 MHz are calculated and given in section 4.2.1 of TR25.816.

Table 3.  ACLRdf at df=2.8 MHz and df=4.8 MHz  

	df 
	2.8 MHz
	4.8 MHz

	ACLRdf (dB)
	31.3
	43.3


The indoor UE Tx power in GSM channel at carrier separation of 2.8 MHz and 4.8 MHz are calculated with the formula (3), the results are given in table 4.

Table 4. Indoor UE Tx power in GSM channel at carrier separation of 2.8 MHz and 4.8 MHz

	Indoor UE Tx power (dBm/3.84 MHz)
	Tx power in GSM channel (dBm/200 kHz)

	
	2.8 MHz
	4.8 MHz

	-4.6
	-35.9
	-47.9

	-9.6
	-40.9
	-52.9

	-15.4
	-46.7
	-58.7

	-20.4
	-51.7
	-63.7


4) Indoor propagation model

COST231 indoor propagation model will be used for the indoor pathloss calculation :

PL( D)  ( dB) = 37  + 30 Log (D)





(4)

Where D is the distance in meter.   
The pathloss as function of distance D(m) calculated by the equation (4) is plotted in figure 3. the pathloss for three typical distances are given in table 5.


[image: image2.emf]Indoor Pathloss as function of distance

50.0

60.0

70.0

80.0

90.0

100.0

3 9 15 21 27 33 39 45 51

Distance D (m)

Pathloss (dB)


Figure 3. Indoor propagation pathloss in function of distance D(m)

Table 5. Pathloss for three typical distances

	D (m)
	Pathloss (dB)

	3
	51.3

	15
	72.3

	50
	88.0

	


5) Typical GSM picocell cell range

It is assumed that the typical GSM picocellular cell range is 50 m.
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Figure 4. Ilustration of relative position of GSM MS and GSM pico-BTS

By considering that the sensitivity of GSM pico-BTS is of -88 dBm, the GSM uplink power control is activated, the GSM MS transmits at D=50 m a power of 0 dBm based on the threshold of SNR=6 dB.

On GSM downlink, the power control is not activated on BCCH channel, the signal strength at GSM MS is estimated as : Sdl = 20 (dBm) – 88 = -68 dBm

6) Determination of interference level on GSM uplink

Interference level from UMTS UE with several typical MCL values is to be added to the GSM pico-cell uplink.


Iext = UE Tx power in GSM channel – MCL





(5)

Where MCL is the minimum coupling loss between UMTS UE and GSM pico_BTS, MCL values corresponding two typical distances of 3 m and 15 m between UMTS UE and GSM pico_BTS are to be analyzed. 


Figure 5. Interference from UMTS UE to GSM pico-BTS at distance X

Interference levels Iext (dBm/200 kHz) at GSM pico-BTS from UMTS UE located at distance of 3 m and 15 m for different Indoor UMTS UE transmitting powers are summarized in table 6. 

Table 6. Interference level Iext (dBm/200 kHz) at GSM pico-BTS from UMTS UE 
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7) Analysis of the impact on GSM picocell uplink

In order to analyze the GSM picocell uplink performance with the presence of interference from UMTS UE in different typical cases, it is supposed that GSM uplink power control is activated. The GSM uplink performance is maintained at the threshold of SINR≥6 dB. It is supposed that GSM MS maximum Tx power is 33 dBm. When the required GSM MS Tx power is smaller or equal to its maximum Tx power, it is considered that the GSM radio link is maintained without outage. In contrary, if the required GSM MS Tx power is bigger than its maximum Tx power, then it is considered that the GSM radio link can no more be maintained for the MS located at its cell edge of 50 m distance. 

The calculated results for the required signal strength S (dBm) at GSM pico-BTS with the threshold SINR=6 dB and the required GSM MS Tx power for MS located at 50 meters from GSM pico-BTS are given in table 7.

Table 7. Required signal strength at GSM pico-BTS and GSM MS Tx power
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It can be seen that the worst case is when i) UMTS UE transmit at its maximum power of -4.6 dBm; ii) it is located at 3 meters from GSM pico-BTS, iii) the UMTS and GSM carrier separation is of 2.8 MHz. For this worst case, the required signal strength at GSM pico-BTS is estimated as -80.4 dBm, for a GSM MS located at 50 meters from GSM pico-BTS, the required GSM MS transmitting power is estimated as 7.6 dBm, which is still below its maximum transmitting power of 33 dBm.

For the case when UMTS UE is located at 3 m from GSM pico BTS, the GSM MS located at cell edge has to transmit at a power between 0 and 7.6 dBm for combating the interference from UMTS UE, compared to its transmit power of 0 dBm without interference from UMTS UE, there is several dB, upto to 7.6 dB, power increase, but there is no call drop due to interference from UMTS UE located at 3 meters from GSM pico-BTS. 

For the case where UMTS UE is located at 15 m from GSM pico-BTS, there is almost no power increase due to the interference from UMTS UE, since the interference from UMTS UE is lower than its noise floor.

4. Conclusion 
Based on the analysis results For the co-existence scenario 6 between UMTS macrocell and GSM picocell, the following conclusions can be made 

· When UMTS UE is located at 15 m from GSM pico-BTS, the interference from UMTS UE to GSM pico-BTS is lower than the GSM pico-BTS noise floor, the transmitting power of GSM MS located at cell edge is not affected.

· When UMTS UE is located at 3 m from GSM picro-BTS, if the carrier separation between UMTS and GSM is of 2.8 MHz, the transmitting power of GSM MS et cell edge (50 m from pico-BTS) will be increased of upto 7.6 dB for combatting the interference from UMTS UE, but there is no call drop produced due to interference from UMTS UE.

· When UMTS UE is located at 3 m from GSM picro-BTS, if the carrier separation between UMTS and GSM is of 4.8 MHz, the transmitting power of GSM MS et cell edge (50 m from pico-BTS) will be increased of a very small amount, between 0 and 0.2 dB, for combatting the interference from UMTS UE, there is no call drop produced due to interference from UMTS UE.  

· UMTS UE spectrum mask allow a relative good co-existence between UMTS macrocell and GSM picocell, there is no need to harden the UMTS UE spectrum mask.
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