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Abstract:

This contribution provides simulation results for the coexistence of WCDMA and TIA/EIA-95 systems in downlink operating in adjacent frequency bands at 850 MHz. The results are generated by using a Monte Carlo simulation technique. The impact of mutual interference between these systems on the downlink capacity as a function of Adjacent Channel Interference Power Ratio (ACIR) is demonstrated.
1 Introduction

TSG RAN #18 approved a Work Item (WI) [1] for the migration of UTRA services into the 850 MHz band in North America. T1P1 has been required by this WI to provide input to TSG RAN WG4 in order to progress to complete the WI. T1P1 has specified in document T1P1.2/2003-052R2 [2] the envisioned deployment interference scenarios in the 850 MHz band and the worst-case possible scenario. Appendix A of this document specifies the methodology, assumptions and parameters to be used in the simulations for analysing the coexistence and the effect of mutual interference between UTRA FDD based on WCDMA and incumbent systems in the 850 MHz band. This contribution addresses the downlink coexistence between UTRA FDD and the TIA/EIA-95 systems operating in adjacent frequency bands. A Monte Carlo simulator is used to generate the downlink results in terms of capacity degradation of the victim system as a function of ACIR of the interfering system. As suggested by [2], the worst-case inter-site shifting is considered, in which the base stations of the interfering system are located at the edge of the cell coverage of the victim system. The contribution presents results for two interference scenarios: the case where a UTRA FDD network is interfered by a TIA/EIA-95 network as well as the case where a TIA/EIA-95 network is interfered by a UTRA FDD network.
2 Downlink Simulation Model
The simulations use the methodology, assumptions and parameters given in [2] and [3]. Both urban and suburban scenarios are considered. Table 1 summarizes the simulation assumptions and parameters.

Each simulation run consists of many snapshots. There are three interference signal sources: fractional non-orthogonal signal from own base station ((*Iown), signals from other base stations within the same system (Iother) and adjacent channel interference signal (Iac) from base stations of the interfering system.  The base stations of the interfering system are assumed to be transmitting at maximum power. This may result in a pessimistic capacity degradation. In this manner, there is no need for considering the interference of the victim system on the interfering system. In each snapshot, the following are executed in order:  

1) A fixed number of mobile stations (MSs) are randomly placed across the network based on uniform distribution. A MS position remains fixed for the duration of a snapshot.

2) Path-loss between each MS to each base station is calculated according the model given in Appendix A of [2]. The path-loss remains fixed for the duration of a snapshot.

3) Based on the path-loss, one or two active base stations are selected for each MS according the handover algorithm as described in [3].  

4) Power control is applied until the downlink power is stabilized.    

5) At the end of the power control loop, all MSs which are more than 0.5 dB below SIR requirement are considered to be in outage. 

6) After each snapshot, the number of MSs in outage is calculated.  

After a simulation run, the number of MSs in outage is averaged over all the snapshots.  If the average outage is below or above the target, the number of MSs is increased or decreased, respectively, and the simulation run is repeated until average outage reaches the target.

System capacity is defined as the number of MSs operating within a system such that 5% of them are in outage. System capacities for a range of ACIR, which is a function of both the out-of-band emissions of the interfering base station and the selectivity of the victim mobile station, are simulated and compared to the baseline capacity to determine degradation due to the presence of the interfering system.  Baseline capacity is system capacity of the victim system when the interfering system is turn off. It is assumed that one carrier is active at the base station of each system.
3 Results
This section presents the Monte Carlo simulation results for both investigated scenarios. For each scenario, two curves for capacity degradation versus ACIR are created; one for suburban area and one for urban area.

3.1 UTRA victim – TIA/EIA-95 interfere
Figure 1 shows the degradation of the UTRA downlink as a function of ACIR for the case that the TIA/EIA-95 base stations are interfering with the UTRA user equipments. We can observe from the simulation results that the UTRA downlink capacity degradation in the suburban area is generally less than that in the urban area. For an ACIR of 40 dB, the UTRAN capacity degradation is in the order of 1.5% in urban areas and 0.7% in suburban areas. For a 10 dB lower ACIR (30 dB), the UTRAN capacity degradation becomes about 6.8% in urban areas and 5.3% in suburban areas.
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Figure 1: Downlink capacity degradation of the victim UTRAN versus ACIR 
The reason for a less capacity degradation in suburban areas compared to urban areas has been discussed in T1P1.2 reflector and addressed in previous submissions on this subject, e.g. [4], and will not be repeated here. Comparing the simulation results in Figure 1 with the UTRA simulation results in the 1900 MHz band presented in Figure 1 of [5], it can be observed that the UTRA downlink capacity degradation at 850 MHz is generally less than that at 1900 MHz.
3.2 TIA/EIA-95 victim – UTRA interfere case

Figure 2 depicts the downlink capacity degradation of the TIA/EIA-95 system as a function of ACIR for the case that the UTRA base stations interfere with the mobile stations of TIA/EIA-95. Similar to the UTRA victim case, the simulation results demonstrate that the TIA/EIA-95 downlink capacity degradation in the suburban area is less than that in the urban area, however this effect virtually vanishes for ACIRs above 35 dB. E.g. the TIA/EIA-95 capacity degradation in urban and suburban areas is in the same order for 40 dB ACIR; about 1.0% in urban areas and 0.73% in suburban areas, whereas for a 10 dB lower ACIR (30 dB), the TIA/EIA-95 capacity degradation becomes about 7.28% in urban areas and 6.05 % in suburban areas.
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Figure 2: Downlink capacity degradation of the victim TIA/EIA-95 versus ACIR

4 Conclusion

In this contribution, we provided simulation results for assessing the coexistence and the effect of mutual interference between UTRA FDD and TIA/EIA-95 systems in the 850 MHz band. Only downlink capacity was addressed in the submission. We analysed two interference scenarios: the first scenario with UTRA UEs as victim and the TIA/EIA base stations as interferer and the second scenario with TIA/EIA-95 MSs as victim and the UTRA base stations as interferer. The comparison of UTRA capacity degradation in downlink with similar results for the 1900 MHz band presented before to 3GPP RAN#4 showed that the UTRA downlink capacity degradation at 850 MHz is generally less than that at 1900 MHz.
ACIR in downlink is a combined effect of both the out-of-band emissions of the interfering base station and the receiver selectivity of the victim mobile station. By considering the allowed out-of-band emissions in the 850 MHz band, one can derive a relationship between the ACIR and the selectivity of the victim UTRA UE depending on the centre frequency separation between UTRA and TIA/EIA-95. The minimum requirements on the UTRA UE selectivity and the UTRA base station out-of-band emissions can be specified by considering the trade-off among UTRA capacity degradation, guard band between two systems and mobile station/base station implementation complexity.
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Table 1: Downlink Simulation Parameters:

	Parameters
	TIA/EIA-95
	WCDMA
	Unit

	Simulation type
	Snapshot
	Snapshot
	

	Propagation Parameters
	
	
	

	            MCL
	70
	70
	dB

	           Antenna gain (BS):   Tri-sector
	11
	11
	dB

	           Antenna gain (MS)
	0
	0
	dB

	           Log-normal fade 

           standard deviation
	10
	10
	dB

	Power Control Modeling
	
	
	

	           Number of Snapshots
	> 1000
	> 1000
	

	           Number of PC iterations per 

           Snapshot
	As long as the variation of 2 consecutive SIRs  is bigger than 0.05 dB
	As long as the variation of 2 consecutive SIRs  is bigger than 0.05 dB
	

	           PC step size
	Perfect PC
	Perfect PC
	

	           PC error
	0%
	0%
	

	           Target Eb/No
	7.0 (9.6 kbps)
	7.9 (8 kbps)
	dB

	           Initial downlink  Power
	Random
	Random
	

	           Outage condition
	Target (Eb/No – 0.5dB) not reached due to lack of FL power
	Target (Eb/No – 0.5dB) not reached due to lack of  DL power
	

	Handover Modeling
	
	
	

	           Handover threshold for   

           candidate set 
	3
	3
	dB

	           Active set size
	2
	2
	

	           Choice of cells in active 

           Set
	1st cell (min pathloss)

2nd cell (random)
	1st cell (min pathloss)

2nd cell (random)
	

	           Combining
	Maximum ratio
	Maximum ratio
	

	Noise Parameters 
	
	
	

	           Receiver noise power
	-104
	-97
	dBm

	           Receiver bandwidth
	1.2288
	3.84
	MHz

	Forward Link Power
	
	
	

	           Maximum BS power
	43
	43
	dBm

	           Common channel power
	36.5
	30
	dBm

	    Max DL/FL power per  traffic
	32
	30
	dBm

	  Min DL/FL power per  traffic
	26
	15
	dBm

	Non orthogonality, ( (traffic) 
	0.2
	0.4
	

	User Distribution
	Random & uniform
	Random & uniform
	

	Deployment Scenarios


	Macro, 16 wrap around tri-sectored sites (48 base stations),

Inter-site distance = 3.2 km for suburban areas and 1.6 km for urban areas

Worst-case shift between operators
	Macro, 16 wrap-around tri-sectored sites (48 base stations),

Inter-site distance = 3.2 km for suburban areas and 1.6 km for urban areas

Worst-case shift between operators
	


