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Introduction
Following the conference call of March 30th 2005, where the simulation assumptions for the UMTS900 coexistence simulations were discussed and agreed, Siemens has carried out simulations for scenarios 1 through to 4. This document summarises the findings and presents the ACIR verses capacity loss for each simulation scenario.

The detailed simulation assumptions for each of the four scenarios discussed here are given in [1]. 
The set of simulations investigates the interference generated between a UMTS and GSM network and a UMTS and UMTS network operating in adjoining bands within the 900MHz spectrum allocation. Each GSM network is modelled without frequency hopping and is configured with 24 GSM carriers in a 5 MHz band using a 4/12 reuse pattern. The frequency separation between the centre frequencies of the nearest GSM carrier and the UMTS band is 2.8MHz.

For each simulation case the model was run for a range of different ACIR values and the reduction in capacity of the victim system recorded. The ACIR value represents the ratio of the power received in the adjacent band to the interference generated in the victim’s band. For example when calculating the interference from the UMTS DL into first adjacent GSM DL, the power received in the UMTS band  at the GSM mobile is scaled by the ACIR value to calculate the total UMTS DL adjacent channel interference power.

Therefore the results are plotted against the victim’s first adjacent channel ACIR value, where the ACIR value gives the ratio of the power received from the aggressor’s band to the adjacent channel interference power experienced in the victim’s band. 

The results of these simulations are presented in the following section and summarised in Table 5.
Results
Scenario 1: UMTS(macro)-GSM(macro) co-existence in an Urban area
Scenario 1 investigates the interference generated between two co-existing uncoordinated UMTS and GSM networks. The GSM BSs are positioned at the UMTS cell edge, to generate the maximum interference between the adjacent networks. Four simulation cases for this scenario were modelled as shown in Table 1.

The results for the four cases are given in Figure 1 to Figure 4, all graphs show the capacity loss verses ACIR. 
	Scenario
	Scenario Description
	Simulation Case
	Scenario Index

	Scenario_1


	UMTS(macro)-GSM(macro) in Urban area with cell range of 500 m in uncoordinated operation
	Downlink: GSM (BCCH only)/WCDMA for WCDMA victim
	1(a)

	
	
	Downlink: GSM (non-BCCH with PC)/WCDMA for GSM victim
	1(b)

	
	
	Uplink: GSM / WCDMA for WCDMA victim
	1(c)

	
	
	Uplink: GSM / WCDMA for GSM victim 
	1(d)


Table 1 Scenario 1 simulation cases

Scenario 1(a)

The WCDMA DL capacity loss due to the adjacent channel GSM DL interferer is given in Figure 1 for varying ACIR values. Given an ACIR of 33 dB (assuming the WCDMA UE ACS dominates) the capacity loss in the WCDMA DL is small.

Scenario 1(b)

The GSM DL capacity loss due to the adjacent channel WCDMA DL interferer is given in Figure 2 for varying ACIR values. Assuming the dominant component of the ACIR is the UMTS BS’s ACLR, from the 3GPP spectrum emissions mask define in [2] we have a minimum ACIR of 45 dB from one UMTS band into the adjacent UMTS band. Applying the appropriate bandwidth correction factor
 gives us an effective ACIR as seen by the GSM carrier of 57.8 dB. Using this value as a crude approximation of a likely operating point we see from Figure 2 that the impact on the GSM DL is small.

Scenario 1(c)

The WCDMA UL capacity loss due to adjacent channel GSM UL interferes is given in Figure 3 for varying ACIR values. In [3] a WCDMA UL ACIR value of 50 dB is assumed, if this is the case from Figure 3 we see a drop in capacity of 2.7 %. This seems large compared with the results from similar scenarios obtained in the 1800 MHz simulations (see [3]), where an average capacity loss of 0.9 dB was obtained. 

Scenario 1(d)
The GSM UL capacity loss due to the adjacent WCDMA UL interference is given in Figure 4 for varying ACIR. Assuming the dominant component in the GSM BS’s ACIR will be the ACLR of the WCDMA mobile, defined by the  3GPP spectrum emissions mask [4] (33 dB). Then as a first approximation we can apply the bandwidth correction factor, giving an expected ACIR value relative to the GSM BS of 45.8 dB. From Figure 4 we can see that the interference into the GSM UL from an adjacent UMTS deployment will be negligible.    
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Figure 1 Results for simulation 1(a)
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Figure 2 Results for simulation 1(b)
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Figure 3 Results for simulation 1(c)
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Figure 4 Results for simulation 1(d)

Scenario 2: UMTS(macro)-GSM(macro) co-existence in an Rural area
Scenario 2 investigates the interference generated between two co-existing uncoordinated UMTS and GSM networks located in a rural environment. The GSM BSs are positioned at the UMTS cell edge to generate the maximum interference between the adjacent networks. Four simulation cases for this scenario were modelled as shown in Table 2.

The results for the four cases are given in Figure 5 to Figure 8, all graphs show the capacity loss verses ACIR.

	Scenario
	Scenario Description
	Simulation Case
	Scenario Index

	Scenario_2
	UMTS(macro)-GSM(macro) in Rural area with cell range of 5000 m in uncoordinated operation
	Downlink: GSM (BCCH only)/WCDMA for WCDMA victim
	2(a)

	
	
	Downlink: GSM (non-BCCH with PC)/WCDMA for GSM victim
	2(b)

	
	
	Uplink: GSM / WCDMA for WCDMA victim
	2(c)

	
	
	Uplink: GSM / WCDMA for GSM victim 
	2(d)


Table 2 Scenario 2 simulation cases

Scenario 2(a)

The Rural WCDMA DL capacity loss due to the adjacent channel GSM DL interferer is given in Figure 5 for varying ACIR values. As with the Urban simulation we see that the capacity loss is small if we assume a minimum ACIR value of 33 dB.
Scenario 2(b)

The Rural GSM DL capacity loss due to the adjacent channel WCDMA DL interferer is given in Figure 6 for varying ACIR values. As with the Urban scenario we can assume an effective ACIR as seen by the GSM carrier of 57.8 dB, resulting in a negligible capacity loss for the GSM DL

Scenario 2(c)

The Rural WCDMA UL capacity loss due to the adjacent channel GSM UL interferes is given in Figure 7 for varying ACIR values. Here we see a significant improvement in the capacity WCDMA capacity loss due to the GSM UL, with a capacity loss of 0.6 % if we assume a WCDMA UL ACIR value of 50 dB as in [3]. 
Scenario 2(d)
The Rural GSM UL capacity loss due to the adjacent WCDMA UL interference is given in Figure 4 for varying ACIR. As with the Urban scenario we see a negligible drop in the UL capacity due to the adjacent channel WCDMA network.  
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Figure 5 Results for simulation 2(a)
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Figure 6 Results for simulation 2(b)
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Figure 7 Results for simulation 2(c)
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Figure 8 Results for simulation 2(d)

Scenario 3: UMTS(macro)-GSM(macro) co-located in an Rural area
Scenario 3 investigates the interference generated between co-located UMTS and GSM networks, representing a deployment where a GSM band has been re-deployed to support a UMTS carrier. In this scenario the UMTS victim is “sandwiched” between two adjacent GSM bands. Three simulation cases for this scenario were modelled as shown in Table 3.

The results for the three cases are given in Figure 9 to Figure 11, all graphs show the capacity loss verses ACIR.

	Scenario
	Scenario Description
	Simulation Case
	Scenario Index

	Scenario_3


	UMTS(macro)-GSM(macro) in Rural area with cell range of 5000m in coordinated operation
	Downlink: GSM (BCCH only) / WCDMA for WCDMA victim
	3(a)

	
	
	Uplink: GSM / WCDMA for WCDMA victim (no power control for GSM)
	3(b)

	
	
	Uplink: GSM / WCDMA for WCDMA victim (with power control for GSM)
	3(c)



Table 3 Scenario 3 simulation cases

Scenario 3(a)

The results for the WCDMA DL capacity loss due to the co-located GSM DL interferer is given in Figure 9 for varying ACIR values. Assuming a minimum ACIR value of 33 dB the reduction in capacity due to the co-located GSM downlink will be negligible.

Scenario 3(b)

The results for the WCDMA UL capacity loss due to the co-located GSM interferer is given in Figure 10 for varying ACIR values. In this scenario the GSM UL is not power controlled and all mobiles are transmitting at maximum power. This inevitably impacts the capacity of the WCDMA UL resulting in a significant reduction in capacity compared to the power controlled case.
Scenario 3(c)

The results for the WCDMA UL capacity loss due to the co-located GSM interferer with power control is given in Figure 11 for varying ACIR values. In this scenario the GSM UL is power controlled, resulting in a significant improvement in the performance of the WCDMA UL. If we assume a WCDMA UL ACIR value of 50 dB as in [3] the capacity reduction experienced by the WCDMA UL becomes negligible for the power controlled case. 
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Figure 9 Results for simulation 3(a)
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Figure 10 Results for simulation 3(b)
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Figure 11 Results for simulation 3(c)

Scenario 4: UMTS(macro)-UMTS(macro) co-existence in an Rural area
Scenario 4 investigates the interference generated between two co-existing uncoordinated UMTS networks. In this scenario the BS’s of one network are located at the cell edge of the co-existing network, generating the worst case interference scenario. Two simulation cases for this scenario were modelled as shown in Table 4.

The results for the two cases are given in Figure 12 and Figure 13, illustrating the capacity loss verses ACIR.

	Scenario
	Scenario Description
	Simulation Case
	Scenario Index

	Scenario_4


	UMTS(macro)-UMTS(macro) in Rural area with cell range of 5000m in uncoordinated operation
	Downlink: WCDMA victim
	4(a)

	
	
	Uplink: WCDMA victim 
	4(b)


Table 4 Scenario 4 simulation cases
Scenario 4(a)

The results for the WCDMA DL capacity loss due to the interference from an uncoordinated WCDMA network located at the cell edge is given in Figure 12 for varying ACIR values. Assuming the ACS of the UE dominates the resulting ACIR from the 3GPP spectrum mask defined in [4] we can assume an ACIR value of 33 dB. Thus the reduction in capacity due to the uncoordinated UMTS is small.
Scenario 4(b)

The results for the WCDMA UL capacity loss due to the interference from an uncoordinated WCDMA network located at the cell edge is given in Figure 13Figure 13 Results for simulation 4(b) for varying ACIR values. Assuming the ACLR of the UE will dominate the resulting ACIR, therefore from [4] we can assume an ACIR value of 33 dB, again this results in negligible interference between the two networks.
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Figure 12 Results for simulation 4(a)
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Figure 13 Results for simulation 4(b)

	Simulation Scenario
	ACIR
	% Capacity Loss
	Simulation Scenario
	ACIR
	% Capacity Loss

	1(a)
	25
	2.966
	1(c)
	45
	7.993

	
	30
	0.931
	
	50
	2.687

	
	35
	0.305
	
	55
	0.863

	
	40
	0.081
	
	60
	0.292

	1(b)
	37.8
	1.205
	1(d)
	22.8
	0.179

	
	42.8
	0.307
	
	27.8
	0.014

	
	47.8
	0.083
	
	32.8
	0.003

	
	52.8
	0.008
	
	
	

	2(a)
	25
	1.093
	2(c)
	40
	5.590

	
	30
	0.426
	
	45
	1.836

	
	35
	0.002
	
	50
	0.576

	
	40
	0.001
	
	55
	0.117

	
	
	
	
	60
	0.000

	2(b)
	37.8
	0.681
	2(d)
	22.8
	0.555

	
	42.8
	0.140
	
	27.8
	0.057

	
	47.8
	0.018
	
	32.8
	0.003

	
	52.8
	-0.008
	
	
	

	3(a)
	25
	0.437
	3(b)
	50
	32.434

	
	30
	0.167
	
	55
	10.266

	
	35
	0.068
	
	60
	3.177

	
	40
	0.036
	
	65
	1.187

	
	
	
	
	70
	0.254

	
	
	
	3(c)
	25
	73.240

	
	
	
	
	30
	22.858

	
	
	
	
	35
	6.487

	
	
	
	
	40
	2.033

	4(a)
	25
	2.333
	4(b)
	25
	1.452

	
	30
	0.823
	
	30
	0.408

	
	35
	0.414
	
	35
	0.096

	
	40
	0.241
	
	40
	0.037


Table 5 Results Summary

Summary
The results presented in this document investigate the capacity impact of adjacent channel interference generated by neighbouring GSM-UMTS and UMTS-UMTS networks occupying adjoining frequency bands in the 900 MHz spectrum allocation. In most cases the resulting adjacent channel interference does not significantly impact the performance of either network. 
The only exception to this was seen in the capacity reduction of the WCDMA UL caused by the interference from the adjacent channel GSM UL when deployed in an urban environment. In this scenario we see a capacity reduction of 2.7 %, for an assumed ACIR of 50 dB, this was higher than expected and further work is required to verify this result.
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� Assuming a UMTS modulated bandwidth of 3.84 MHz and a GSM bandwidth of 200 KHz gives a bandwidth correction factor for the ACLR of 12.8 dB.


� This is a new Simulation case that has been simulated in addition to the cases given in [1] as it was thought interference from the GSM UL using power control should also be considered.





