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1. Introduction

This contribution proposes the interference analysis results for scenario 6 which is uplink coexistence between UMTS macrocell and GSM picocell in an urban environment. The assumptions and analysis method are agreed in [1].  

2. Interference analysis method 

The distribution of Tx power of outdoor UMTS UEs simulated according to assumptions for scenario 1 is depicted in Fig.1 and Fig.2 in form of cumulative distribution function (C.D.F.) and Occurrence Rate, respectively.
Fig. 1   C. D. F. of transmit power for outdoor UMTS UEs

[image: image1.emf]-50 -45 -40 -35 -30 -25 -20 -15 -10

0

10

20

30

40

50

60

70

80

90

100

C.D.F.  [%]

-23.8947

-32.7455

Outdoor Transmit Power of UMTS UEs [dBm]


Fig. 2   Occurance Rate  of transmit power for outdoor UMTS UEs
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The transmit power of UMTS UE for 90th percentile and 50th percentile of C.D.F. is listed in Table 1. 
Table 1.  Outdoor Tx power of UMTS UEs 

	C.D.F.
	90%
	50%

	Outdoor Tx power [dBm]
	-23.89
	-32.75


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 2. 
Table 2.  Indoor Tx power of UMTS UEs for different IPF 
	C.D.F.
	90%
	50%

	Outdoor Tx power [dBm]
	-23.89
	-32.75

	  IPF [dB]
	10
	15
	10
	15

	  Indoor  Tx power [dBm]
	-13.89
	-8.89
	-22.75
	-17.75


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 3 is obtained from the spectrum emission mask of UMTS UE defined in TS25.101. 
Table 3.  ACLR at carrier separations 2.8MHz and 4.8MHz 
	Frequency separation
	2.8MHz
	4.8MHz

	ACLR [dB]
	31.3
	43.3


The power of UMTS UE emissions in the GSM uplink channel for considered df  values is calculated in Tables 4 and 5.
Table 4.  Tx Power of UMTS UE in GSM BS channel for df = 2.8 MHz
	C.D.F.
	90%
	50%

	Outdoor Tx power [dBm]
	-23.89
	-32.75

	  IPF [dB]
	10
	15
	10
	15

	  Indoor  Tx power [dBm]
	-13.89
	-8.89
	-22.75
	-17.75

	Tx power in GSM channel [dBm/200kHz]
	-45.19
	-40.19
	-54.05
	-49.05


Table 5.  Tx Power of UMTS UE in GSM channel for df = 4.8 MHz
	C.D.F.
	90%
	50%

	Outdoor Tx power [dBm]
	-23.89
	-32.75

	  IPF [dB]
	10
	15
	10
	15

	  Indoor  Tx power [dBm]
	-13.89
	-8.89
	-22.75
	-17.75

	Tx power in GSM channel [dBm/200kHz]
	-57.19
	-52.19
	-66.05
	-61.05


3) Typical GSM picocell cell range

It is assumed that the typical cell range of the GSM picocellular is 50 m. In addition, the separation distance between UMTS UE and GSM pico BS is considered to be 3 m and 15 m.  
4) Indoor propagation model and determination of interference level on GSM uplink

According to the path-loss model given in [1], the path-loss for considered distances in the previous step is given in Table 6.
Table 6.  Pathloss for three typical distance 
	D [m]
	Pathloss(D) [dB]

	3
	51.31

	15
	72.38

	50
	87.96


The Interference level (Iext) from UMTS UE emissions to the GSM pico-cell uplink for the considered separation distances are presented in Tables 7 and 8. 
Table 7. Interference Power in GSM channel from UMTS UE (Iext) for df = 2.8MHz
	C.D.F.
	90%
	50%

	Outdoor Tx power [dBm]
	-23.89
	-32.75

	  IPF [dB]
	10
	15
	10
	15

	  Indoor  Tx power [dBm]
	-13.89
	-8.89
	-22.75
	-17.75

	   Tx power in GSM channel [dBm/200kHz]
	-45.19
	-40.19
	-54.05
	-49.05

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

	Iext [dBm/200kHz]
	-96.50
	-117.47
	-91.5
	-112.47
	-105.36
	-126.33
	-100.36
	-121.33


Table 8. Interference Power in GSM channel from UMTS UE (Iext) for df = 4.8MHz
	C.D.F.
	90%
	50%

	Outdoor Tx power [dBm]
	-23.89
	-32.75

	  IPF [dB]
	10
	15
	10
	15

	  Indoor  Tx power [dBm]
	-13.89
	-8.89
	-22.75
	-17.75

	   Tx power in GSM channel [dBm/200kHz]
	-57.19
	-52.19
	-66.05
	-61.05

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

	Iext [dBm/200kHz]
	-108.5
	-129.47
	-103.5
	-124.47
	-117.36
	-138.33
	-112.36
	-133.33


5) 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.
3. Link analysis for Scenario 6
1) 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) = 9.96 dBm
Table 9 summarizes these results. 
Table 9. 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]
	9.96


2) 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  10. 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]
	-23.89
	-32.75

	  IPF [dB]
	10
	15
	10
	15

	  Indoor  Tx power [dBm]
	-13.89
	-8.89
	-22.75
	-17.75

	   Tx power in GSM channel [dBm/200kHz]
	-45.19
	-40.19
	-54.05
	-49.05

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

	Iext [dBm/200kHz]
	-96.50
	-117.47
	-91.5
	-112.47
	-105.36
	-126.33
	-100.36
	-121.33

	Nt+Iext [dBm/200kHz]
	-92.06
	-93.98
	-89.56
	-93.94
	-93.69
	-93.99
	-93.09
	-93.99

	Rx_required [dBm]
	-76.06
	-77.98
	-73.56
	-77.94
	-77.69
	-77.99
	-77.09
	-77.99

	Tx_required [dBm]
	11.90
	9.98
	14.40
	10.03
	10.27
	9.97
	10.87
	9.97


 Table  11. 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]
	-23.89
	-32.75

	  IPF [dB]
	10
	15
	10
	15

	  Indoor  Tx power [dBm]
	-13.89
	-8.89
	-22.75
	-17.75

	   Tx power in GSM channel[dBm/200kHz]
	-57.19
	-52.19
	-66.05
	-61.05

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

	Iext [dBm/200kHz]
	-108.5
	-129.47
	-103.5
	-124.47
	-117.36
	-138.33
	-112.36
	-133.33

	Nt+Iext [dBm/200kHz]
	-93.85
	-93.99
	-93.54
	-93.99
	-93.98
	-93.99
	-93.93
	-93.99

	Rx_required [dBm]
	-77.85
	-77.99
	-77.54
	-77.99
	-77.98
	-77.99
	-77.93
	-77.99

	Tx_required [dBm]
	10.11
	9.97
	10.42
	9.97
	9.98
	9.97
	10.03
	9.97


4. Conclusions
As it can be anticipated, the strongest impact of the UMTS UE emissions on the GSM uplink is in the case where df = 2.8 MHz, IPF = 15 dB and separation distance between UMTS UE and GSM MS is 3 m (marked yellow in Table 10). It is an extreme situation with a low occurrence probability. The UMTS UE interference in this situation results in the rise of the GSM MS Tx power by 4.44 dB compared to the case where there is no UMTS interference.  However, the Tx power of the GSM MS is by far below the maximum allowable GSM MS transmit power of 33 dBm. Therefore, there is no adverse effect on the GSM uplink quality. The GSM co-channel interference is not considered in this analysis, however the available headroom for the GSM MS Tx power could cope with such potential co-channel interference.
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