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1. Introduction

This paper proposes the text for the UMTS900 WI TR25.816 section 4.2.6 for Ran 4 approval. 

‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
4.2.6 Scenario_6:  UMTS(macro)-GSM(pico) in Urban area in uncoordinated operation  
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Figure 29: UMTS macrocell and GSM picocell co-existence scenario

The co-existence scenario 6 of UMTS macrocell and GSM picocell is indicated in the figure 29. In urban area, the UMTS macrocellular network layout is defined in the scenario 1 of TR25.816 section 4.2.1. GSM pico BTS is situated inside of a building.  UMTS macro BTS antenna is installed on the top of a different building, as shown in the figure 29. Both GSM MS and UMTS UE are located inside of the building within the GSM picocell coverage area.

The interference from UMTS UE to GSM pico-BTS will be analyzed.
4.2.6.1. Link analysis assumptions for scenario 6

The interference analysis assumptions for scenario 6 are summarized in the table 16.

Table 16. Interference analysis assumptions for scenario 6
	
	UMTS macrocell
	GSM picocell

	
	BS
	UE
	BTS
	MS

	Maximum Tx power (dBm)
	43
	21 
	20 
	33

	Antenna height (m)
	TR25.816 Section 4.2.1
	TR25.816 Section 4.2.1
	3
	1.5

	Antenna gain (dBi)
	TR25.816 Section 4.2.1
	TR25.816 Section 4.2.1
	0
	0

	Reference sensitivity (dBm)
	TR25.816 Section 4.2.1
	TR25.816 Section 4.2.1
	-88
	-102

	Noise floor (dBm)
	-103 dBm/3.84 MHz
	-96 dBm/3.84 MHz
	-94 dBm/200 kHz
	-111 dBm/200 kHz

	Spectrum mask
	TS25.104
	TS25.101
	TS45005
	TS45005

	Blocking characteristics
	TS25.104
	TS25.101
	TS45005
	TS45005

	Cell range (m)
	TR25.816 Section 4.2.1
	50

	UMTS UE Tx power typical values from the scenario 1 or scenario 5 simulations
	90%,    50%
	

	Carrier separation (MHz)
	2.8,    4.8
	

	Distance between UMTS UE and GSM pico_BTS (m)
	3,   15
	

	
	


4.2.6.2. Interference analysis with simulated outdoor UE Tx power 
4.2.6.2.1. Simulated outdoor UE Tx power 

Outdoor UMTS UE Tx power distribution are simulated based on the co-existence scenario 1 described in the section 4.2.1. It is simulated without the interference from GSM.
Figure 30 gives an example of the simulated outdoor UE Tx power distribution. An example of the cumulative probability of outdoor UE Tx power is plotted in figure 31.
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Figure 30. Outdoor UMTS UE  Transmit Power distribution 
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Figure 31 C. D. F. of Outdoor Transmit Power of UMTS UE
The table 17 summairizes the outdoor UMTS UE Tx power values at 50th percentile and 90th percentile from simulations performed by different companies. It was agreed to use the averaged values for interference analysis.
Table 17 Simulated outdoor UMTS UE transmit powers at 90% and 50%
	Percentile

	90%

	50%


	Ericsson
	-23.7 dBm
	-32.6 dBm

	Nokia
	-24.0 dBm
	-32.5 dBm

	Nortel
	-19.6 dBm
	-30.4 dBm

	Qualcomm
	-23.9 dBm
	-32.7 dBm

	Lucent
	-21.0 dBm
	-30.6 dBm

	Average
	-22.4 dBm
	-31.8 dBm


4.2.6.2.2. Interference analysis 

1) Tx power of Indoor UMTS UEs 

The Tx power of Indoor UMTS UEs for in-building penetration factor (IPF) of 10 dB and 15 dB is given in Table 18. 
Table 18.  Indoor Tx power of UMTS UEs for different IPF 
	C.D.F.
	90%
	50%

	Outdoor Tx power [dBm]
	-22.4
	-31.8

	  IPF [dB]
	10
	15
	10
	15

	  Indoor  Tx power [dBm]
	-12.4
	-7.4
	-21.8
	-16.8


2) Determination of UMTS UE Tx power in GSM BS receiving channel

The frequency separation between the carriers of UMTS UE and GSM BS is denoted by df. In this study, it is assumed that df is 2.8 MHz and 4.8 MHz. The adjacent channel leakage ration (ACLR) of UMTS UE for these carrier separations in Table 19 is obtained from the spectrum emission mask of UMTS UE defined in TS25.101, as shown in figure 32. 
Table 19.  ACLR at carrier separations 2.8MHz and 4.8MHz
	Frequency separation
	2.8MHz
	4.8MHz

	ACLR [dB]
	31.3
	43.3
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Figure 32. WCDMA UE emissions to GSM

The power of UMTS UE emissions in the GSM uplink channel for considered df  values is calculated in Tables 20 and 21.
Table 20.  Tx Power of UMTS UE in GSM BS channel for df = 2.8 MHz
	C.D.F.
	90%
	50%

	Outdoor Tx power [dBm]
	-22.4
	-31.8

	  IPF [dB]
	10
	15
	10
	15

	  Indoor  Tx power [dBm]
	-12.4
	-7.4
	-21.8
	-16.8

	Tx power in GSM channel [dBm/200kHz]
	-43.7
	-38.7
	-53.1
	-48.1


Table 21.  Tx Power of UMTS UE in GSM channel for df = 4.8 MHz
	C.D.F.
	90%
	50%

	Outdoor Tx power [dBm]
	-22.4
	-31.8

	  IPF [dB]
	10
	15
	10
	15

	  Indoor  Tx power [dBm]
	-12.4
	-7.4
	-21.8
	-16.8

	Tx power in GSM channel [dBm/200kHz]
	-55,7
	-50.7
	-65.1
	-60.1


3) Typical GSM picocell cell range

It is assumed that the typical cell range of the GSM picocellular is 50 m, as shown in figure 33. In addition, the separation distance between UMTS UE and GSM pico BS is considered to be 3 m and 15 m.  
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Figure 33. Ilustration of relative position of GSM MS and GSM pico-BTS

4) Indoor propagation model and 
COST231 indoor propagation model is used for the indoor pathloss calculation :

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





(1)

Where D is the distance in meter.   
The pathloss as function of distance D(m) calculated by the equation (1) is plotted in figure 34. the pathloss for three typical distances are given in table 22.
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Figure 34. Indoor propagation pathloss in function of distance D(m)

Table 22. Pathloss for three typical distances

	D (m)
	Pathloss (dB)

	3
	51.3

	15
	72.3

	50
	88.0

	


5) Determination of interference level on GSM uplink

The Interference level (Iext) from UMTS UE emissions to the GSM pico-cell uplink for the considered separation distances are presented in Tables 23 and 24. 
Table 23. Interference Power in GSM channel from UMTS UE (Iext) for df = 2.8MHz

	C.D.F.
	90%
	50%

	Outdoor Tx power [dBm]
	-22.4
	-31.8

	  IPF [dB]
	10
	15
	10
	15

	  Indoor  Tx power [dBm]
	-12.4
	-7.4
	-12.4
	-7.4

	   Tx power in GSM channel [dBm/200kHz]
	-43.7
	-38.7
	-53.1
	-48.1

	D [m]
	3
	15
	3
	15
	3
	15
	3
	15

	Iext [dBm/200kHz]
	-95
	-116
	-90
	-111
	-104.4
	-125.4
	-99.4
	-120.4


Table 24. Interference Power in GSM channel from UMTS UE (Iext) for df = 4.8MHz
	C.D.F.
	90%
	50%

	Outdoor Tx power [dBm]
	-22.4
	-31.8

	  IPF [dB]
	10
	15
	10
	15

	  Indoor  Tx power [dBm]
	-12.4
	-7.4
	-12.4
	-7.4

	   Tx power in GSM channel [dBm/200kHz]
	-55,7
	-50.7
	-65.1
	-60.1

	             D [m]
	3
	15
	3
	15
	3
	15
	3
	15

	Iext [dBm/200kHz]
	-107
	-128
	-102
	-123
	-116.4
	-137.4
	-111.4
	-132.4


6) Analysis of the impact on GSM picocell uplink

The GSM picocell uplink performance should be analyzed in the cases with and without the presence of interference from the UMTS UE for the assumptions given above; i.e. df = 2.8 MHz & 4.8 MHz, IPF = 10 dB & 15 dB and separation distance between UMTS UE and GSM pico BS = 3 m & 15 m. It is assumed that GSM uplink is power controlled and the link performance is achieved at 6 dB target SIR. In addition, the thermal noise floor is Nt = -94 dBm/200 kHz and 10 dB margin is assumed for interference and shadow fading denoted by M.
7) GSM picocell uplink without UMTS UE interference
The required received power at the GSM pico BS to achieve the target SIR is denoted by Rx_required and given as
Rx_required = Nt + M + SIR = -78 dBm
Hence, the required transmit power of GSM MS at the cell edge denoted by Tx_required in dBm is

Tx_required = Rx_required + Pathloss(D =50) = 10 dBm

Table 25 summarizes these results. 
Table 25. Required Tx and Rx power at the cell edge without UMTS UE interference
	GSM picocell uplink without interference

	 Rx_required [dBm]
	-78

	 Tx_required  [dBm]
	10


8) GSM picocell uplink with UMTS UE interference (Iext)
When the interference from UMTS UE is introduced, the required receive power at GSM BS and the required transmit power of GSM MS at the cell edge is

Rx_required = (Nt + Iext) + M + SIR,
Where (Nt + Iext) in dBm is the sum of noise floor and the interference caused by UMTS UE. The required transmit power of GSM MS is again calculated as

Tx_required = Rx_required + Pathloss(D=50)
Rx_required and Tx_required are determined in the following tables.
 Table  26. Required Tx and Rx power at the cell edge for df = 2.8 MHz with the presence of Iext
	C.D.F.
	90%
	50%

	Outdoor Tx power [dBm]
	-22.4
	-31.8

	  IPF [dB]
	10
	15
	10
	15

	  Indoor  Tx power [dBm]
	-12.4
	-7.4
	-12.4
	-7.4

	   Tx power in GSM channel [dBm/200kHz]
	-43.7
	-38.7
	-43.7
	-38.7

	D [m]
	3
	15
	3
	15
	3
	15
	3
	15

	Iext [dBm/200kHz]
	-95
	-116
	-95
	-116
	-95
	-116
	-95
	-116

	Nt+Iext [dBm/200kHz]
	-91,5
	-94,0
	-91,5
	-94,0
	-91,5
	-94,0
	-91,5
	-94,0

	Rx_required [dBm]
	-75,5
	-78,0
	-75,5
	-78,0
	-75,5
	-78,0
	-75,5
	-78,0

	Tx_required [dBm]
	12,5
	10,0
	12,5
	10,0
	12,5
	10,0
	12,5
	10,0


 Table  27. Required Tx and Rx power at the cell edge for df = 4.8 MHz with the presence of Iext
	C.D.F.
	90%
	50%

	Outdoor Tx power [dBm]
	-22.4
	-31.8

	  IPF [dB]
	10
	15
	10
	15

	  Indoor  Tx power [dBm]
	-12.4
	-7.4
	-12.4
	-7.4

	   Tx power in GSM channel[dBm/200kHz]
	-55,7
	-50.7
	-65.1
	-60.1

	             D [m]
	3
	15
	3
	15
	3
	15
	3
	15

	Iext [dBm/200kHz]
	-107
	-128
	-102
	-123
	-116.4
	-137.4
	-111.4
	-132.4

	Nt+Iext [dBm/200kHz]
	-93,8
	-94,0
	-93,4
	-94,0
	-94,0
	-94,0
	-93,9
	-94,0

	Rx_required [dBm]
	-77,8
	-78,0
	-77,4
	-78,0
	-78,0
	-78,0
	-77,9
	-78,0

	Tx_required [dBm]
	10,2
	10,0
	10,6
	10,0
	10,0
	10,0
	10,1
	10,0
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4.2.6.3. Interference analysis with simulated indoor UE Tx power 

1) Indoor UMTS UE Tx power

The C.D.F. of WCDMA Indoor UE Tx power is simulated in scenario 5, an example of the cumulative propabability of simulated indoor UMTS UE Tx power is shown in Figure 35. 90th-percentile and 50th-percentile points of the distribution from simulations are summarized in Table 28.
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Figure 35 C. D. F. of Indoor Transmit Power of UMTS UE
Table 28 Simulated indoor UMTS UE transmit powers at 90% and 50%
	Percentile

	90%

	50%


	Ericsson
	-9.1 dBm
	-21.7 dBm

	Lucent 
	0 dBm
	-9.7 dBm

	Average
	-4.5 dBm
	-15.7 dBm


2) UMTS UE Tx power in GSM channel 
The UE Tx power falling into the GSM Base Station (BS) receive channel can be determined by the following equation:

UE Tx power in GSM channel = Indoor UE Tx power – ACIR(∆f)
 in dB

(2)

where ∆f denotes the center frequency spacing between UMTS and GSM carriers. When the UMTS UEs interfere with GSM picocell, the ACIR is 31.3 dB for 2.8 MHz center frequency separation and 43.3 dB for 4.8 MHz center frequency separation. Table 29 shows the UE Tx power in GSM channel for various UE Tx power percentiles and center frequency separations. 

Table 29.  UMTS UE Tx Power in GSM channel 
	Cumulative Distribution Function (CDF)
	90%
	50%

	Indoor UE Tx power (dBm)
	-4.5
	-15.7

	  ∆f (MHz)
	2.8
	4.8
	2.8
	4.8

	UMTS UE Tx power in GSM channel (dBm/200kHz)
	-35.8
	-47.8
	-47.0
	-59.0


3) UMTS UE interference level received by GSM picocell
It is assumed that the distance (D) between the interfering UMTS UE and affected GSM picocell could be 3 m and 15 m. The associated UE to picocell propagation losses based on the COST231 indoor model are 51.3 dB and 72.3 dB, respectively. The GSM picocell received interference power (Iext) from UMTS UE can be expressed as


Iext = UMTS UE Tx power in GSM channel – PL(D)
      in dB



(3)

where PL is the path loss (including the propagation loss and antenna gains) from UMTS UE to GSM picocell.  Table 30 shows the UMTS UE interference power received by GSM picocell for various UE Tx power percentiles, center frequency separations and UE-to-picocell distances.

Table 30.  UMTS UE interference power received by GSM picocell
	CDF
	90%
	50%

	Indoor UE Tx power (dBm)
	-4.5
	-15.7

	  ∆f (MHz)
	2.8
	4.8
	2.8
	4.8

	UMTS UE Tx power in GSM channel (dBm/200kHz)
	-35.8
	-47.8
	-47.0
	-59.0

	UE-to-picocell Distance (m)
	3
	15
	3
	15
	3
	15
	3
	15

	Iext (dBm/200kHz)
	-87.1
	-108.1
	-99.1
	-120.1
	-98.3
	-119.3
	-110.3
	-131.3


4)  Impact of UMTS UE interference on GSM picocell uplink 

When the GSM uplink power control is activated and the UMTS UE interference is present, GSM mobile needs to transmit more power to maintain the uplink SINR target (SINR) in the GSM picocell receiver as long as the required mobile transit power does not exceed the maximum power (33 dBm). Without UMTS UE interference, the required Tx power of a GSM mobile at the picocell edge can be determined by:

GSM_mobile_Tx_required = Nt + SINR + PL(D=50 m) + M       in dB      

(4)

where Nt denotes the GSM picocell receiver noise floor (-94 dBm/200 kHz), PL(D=50 m) denotes the path loss (88.0 dB) for a 50 m distance between the GSM picocell and the GSM mobile at the picocell edge, and M denotes the lognormal fading and interference margin (10 dB). Consequently, in the absence of UMTS UE interference, the GSM mobile power requirement is 10 dBm.

In the presence of UMTS UE interference, the required Tx power of a GSM mobile at the picocell edge can be expressed as:

GSM_mobile_Tx_required = (Nt + Iext) + SINR + PL(D=50 m) + M       in dB     

(5)

where (Nt + Iext) in dBm is the linear sum of the GSM picocell noise floor and the UMTS UE interference. Table 31 shows the required GSM mobile Tx power with UMTS UE interference for various UE power percentiles, center frequency separations and UE-to-picocell distances.

Table 31.  Required GSM mobile transmit power in the presence of UMTS UE interference 
	CDF
	90%
	50%

	Indoor UE Tx power (dBm)
	-4.5
	-15.7

	  ∆f (MHz)
	2.8
	4.8
	2.8
	4.8

	UMTS UE Tx power in GSM channel (dBm/200kHz)
	-35.8
	-47.8
	-47.0
	-59.0

	UE-to-picocell Distance (m)
	3
	15
	3
	15
	3
	15
	3
	15

	Iext (dBm/200kHz)
	-87.1
	-108.1
	-99.1
	-120.1
	-98.3
	-119.3
	-110.3
	-131.3

	Nt+Iext (dBm/200kHz)
	-86.3
	-93.8
	-92.8
	-94.0
	-92.6
	-94.0
	-93.9
	-94.0

	GSM_mobile_Rx_power (dBm)
	-70.3
	-77.8
	-76.8
	-78.0
	-76.6
	-78.0
	-77.9
	-78.0

	GSM_mobile_Tx_power (dBm)
	17.7
	10.2
	11.2
	10.0
	11.4
	10.0
	10.1
	10.0


4.2.6.4. Conclusion 

The Interference from UMTS UE to GSM picocell BS has been analyzed with the simulated outdoor UE Tx powers and indoor UE Tx power. 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 distance from GSM pico-BTS, the interference from UMTS UE to GSM pico-BTS is lower than the GSM pico-BTS noise floor hence the transmitting power of GSM MS located at cell edge is not affected.

· When UMTS UE is located at 3 m distance from GSM picro-BTS and the carrier separation between UMTS and GSM is of 2.8 MHz, the transmitting power of GSM MS at cell edge (50 m from pico-BTS) will be increased of a quantity between 0 and 7.7 dB depending on the interference caused by the UMTS UE transmitter. However, the required GSM MS transmitting power stays still below the maximum power and therefore it is considered that there is no call dropping in GSM system caused by the interference from UMTS UE.

· When UMTS UE is located at 3 m distance from GSM pico-BTS and 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 quantity between 0 and 1.2 dB depending on the interference caused by the UMTS UE transmitter. As the interference is small and GSM transmitters have more than enough power margin to compete against it is considered that there is no call dropping in GSM system caused by the interference from UMTS UE.

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

· For ensuring a good co-existence between UMTS macrocells and GSM picocell, it is recommended to have maximum separation between UMTS carrier and GSM picocell carrier in order to minimize the possible interference from UMTS UE to GSM picocellular BS.

​​​​​​​​​​​‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
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