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1. Introduction

According to Japan spectrum allocation (shown in Figure 1), the UMTS1700 system will operate in 1844.9-1879.9 MHz for Base Station (BS) transmission and 1749.9-1784.9 MHz for User Equipment (UE) transmission. On the other hand, the incumbent PHS system is operating in 1884.5-1919.6 MHz for Cell Station (CS) transmission and Personal Station (PS) reception. As a result, in the same geographical area, the UMTS1800 test BS transmitter will operate in a frequency band adjacent to PHS CS receiver, which might cause interference potential. 
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Figure 1 Potential interference from UMTS FDD to PHS systems
When UMTS1700 and PHS systems operate in the same geographical area, potential interference scenarios include:

1.
Interference from UMTS BS transmitter to PHS CS receiver 

2.
Interference from UMTS BS transmitter to PHS PS receiver

3.
Interference from PHS CS transmitter to UMTS UE receiver

4.
Interference from PHS PS transmitter to UMTS UE receiver

5.
Interference from UMTS UE transmitter to PHS CS receiver 

6.
Interference from UMTS UE transmitter to PHS PS receiver 

7.
Interference from PHS CS transmitter to UMTS BS receiver 

8.
Interference from PHS PS transmitter to UMTS BS receiver 

Since the UMTS BS receive band is 99.6 MHz away from the PHS CS/PS transmit band, it is less likely that interference scenarios 5-8 will cause significant interference impact. In support of the UMTS1700 work item [1], we have focused on analyzing interference scenarios 1-4 by analytical and simulation methods. For scenario 1, we have elected the analytical approach to derive the UMTS1700 BS to PHS CS antenna isolation recommendation to mitigate the interference. The isolation recommendation is comparable to the analytical result obtained by ARIB co-existence study [2]. Therefore, our analytical result is not presented here. For scenarios 2-4, we have employed the TR 25.942 simulation methodology (i.e., a system level simulation approach) rather than the SEAMCAT simulation tool and fixed acceptable interference power threshold (for determining the affected probability) used by the ARIB.

This contribution presents the results generated by the Monte Carlo simulator that is designed to analyze the effect of mutual interference between the UMTS1700 and PHS systems for interference scenarios 2-4. In this document, we quantify the impact of mutual interference on the UMTS1700 FDD (8 kbps speech system) and PHS based on the TR 25.942 simulation methodology [3] and the ARIB simulation parameters [2, 4].

2. Simulation Model, Assumptions and Results

In order to assess the impact of inter-system interference on UMTS1700 capacity and PHS downlink outage, we use the simulation methodology defined in TR 25.942 and the simulation parameters used by ARIB. Basically, we consider the following UMTS1700 and PHS transmitter emission limits and receiver characteristics: 

· UMTS Adjacent Channel Leakage power Ratio (ACLR) and Adjacent Channel Selectivity (ACS) defined in the current TS 25.104/TS 25.101

· PHS ACLR defined in the PHS standard [5]

· The worst case of typical PHS ACS performance measurements [2]  

The simulation methodology and assumptions are summarized in Table A.1 in Appendix.

2.1  Scenario 2: Interference from UMTS BS transmitter to PHS PS receiver
When running the simulations for this PHS downlink victim scenario, interference from the PHS system to the UMTS1700 system is not taken into account. It is defined that the downlink outage occurs when the achieved SINR is 0.5 dB less than the target SINR, 17 dB. First, we perform simulations to generate the PHS downlink outage probability for the baseline case in which the PHS system operates alone without UMTS interference. Next, we take into account that in the presence of UMTS BS interference, the UMTS system is operated with a loading achieving 5% outage and the PHS system is fully loaded and transmits at the maximum power. 

In deriving the PHS downlink outage probability, we considered the TS 25.104 UMTS BS emission level of -41 dBm/300 kHz (in 1884.5-1919.6 MHz) and the worst-case of PHS PS blocking level measurements (-26 dBm). Simulation results indicated that the increase in the PHS downlink outage probability caused by UMTS BS interference is negligible.

2.2  Scenario 3: Interference from PHS CS transmitter to UMTS UE receiver
When running the simulations for this UMTS1700 downlink victim scenario, interference from the UMTS system to the PHS system is not considered. First, we perform simulations for the baseline case in which the UMTS system operates alone without PHS interference. Based on the simulation results, the baseline UMTS downlink capacity that maintains 5 % outage probability can be obtained. When the PHS CS interference is taken into account, the PHS CS is transmitted at the maximum power.

In deriving the UMTS1700 downlink capacity loss, we considered the current TS 25.101 UMTS UE ACS and the PHS CS emission limit (-26 dBm/300 kHz) specified in the PHS standard. Simulation results show that the UMTS downlink capacity loss caused by PHS CS interference is about 0.6%.

2.3  Scenario 4: Interference from PHS PS transmitter to UMTS UE receiver
As we run the simulations for this UMTS1700 downlink victim scenario, interference from the UMTS system to the PHS system is not considered. First, we perform simulations without PHS interference to obtain the baseline UMTS downlink capacity. Next, we take into account that in the presence of PHS PS interference, the PHS PSs transmit at the maximum power.

In deriving the UMTS1700 downlink outage probability, we considered the current TS 25.101 UMTS UE ACS and the PHS PS emission limit (-26 dBm/300 kHz) specified in the PHS standard. Simulation results indicate that the impact of PHS PS interference on UMTS downlink capacity is about 0.7%.

3. Summary

In this contribution, we present the simulation results for the following UMTS1700/PHS co-existence scenarios by using TR 25.942 evaluation methodology and ARIB simulation parameters:

· interference from UMTS BS transmitter to PHS PS receiver

· interference from PHS CS transmitter to UMTS UE receiver

· interference from PHS PS transmitter to UMTS UE receiver

The simulation results show that the interference impact is negligible or small. The results support the ARIB contributions [6, 7] that propose UMTS1700 BS emission limit (-41 dBm/300 kHz in 1884.5-1919.6 MHz) and UE ACS technical requirements to RAN4.
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Appendix

Table A.1: UMTS1700/PHS simulation parameters and assumptions

	Deployment scenarios
	Simulation cases
	Scenario 2: Interference from UMTS BS Tx to PHS PS Rx
Scenario 3: Interference from PHS CS Tx to UMTS UE Rx

Scenario 4: Interference from PHS PS Tx to UMTS UE Rx
Run simulations by considering the Japan spectrum allocation for UMTS1700 and PHS.

Both networks in macro environment

	
	Layout [2]
	UMTS: 3-sector configuration with the horizontal BS antenna pattern defined in 3GPP R1-00-0909 (with a 17 dBi gain and a 90-degree horizontal beamwidth) and a 5 dB cable loss. 
Cell radius: 577 meters [3]

Inter-site distance: 1731 meters

PHS: omni configuration with a 13 dBi gain and a 3 dB cable loss. 
Cell radius: 500 meters

Inter-site distance: 866 meters

Effective UE/PS antenna gain: 0 dBi 

Body loos: 8 dB 
Antenna height: 30 meters

Antenna height above average roof top = 15 meters [3]

	Services
	UMTS [3]
	8 kbps Speech (chip rate: 3.84 Mcps)

Eb/Nt target (downlink): 7.9 dB 

Eb/Nt target (uplink):  6.1 dB

	
	PHS 
	SINR target (downlink): 17dB (16dBuV receiver sensitivity for PI/4 QPSK [5] and –114 dBm/300 kHz noise floor [2])

SINR target (uplink): 19 dB  (16dBuV receiver sensitivity for PI/4 QPSK [5] and –116 dBm/300 kHz noise floor [2])

	Propagation
	UMTS and PHS
	BS – UE or BS - PS: As per TR 25.942; same as the ITU path loss model for vehicular test environment plus log-normal fade (10 dB standard deviation). 

UE – PS: Path-loss = 55.78+40*log10(R) for R ≥ 50 meters and free space loss for R < 50 meters (where R is the distance in meters) plus log-normal fade [8]

	Cell selection
	UMTS 
	As per TR 25.942. The active set of base stations is selected randomly from the candidate base stations whose received pilots are stronger than the received pilot of the strongest base station subtracted by the handover margin (3 dB). A single UE may be connected to a maximum of 2 base stations simultaneously.

	
	PHS 
	Same as that for WCDMA in TR 25.942, but with only one link selected at random within a 3 dB handover margin

	SIR calculation
	UMTS
	As per TR 25.942, except for the following changes:

1. Interference contributions from PHS CS or PS are added to the total noise-plus-interference.
2. Processing gain is changed to 26.8 dB

3. Noise floor (downlink): -97 dBm/3.84 MHz (corresponding to the –116 dBm receiver sensitivity)

Noise floor (uplink): -103 dBm/3.84 MHz

	
	PHS [2]
	Total noise-plus-interference is sum of thermal noise, PHS, and UMTS interference. 

Noise floor (downlink): -114 dBm/300kHz
Noise floor (uplink): -116 dBm/300kHz

	Power control assumptions
	UMTS
	As per TR 25.942.

Maximum BS power per carrier: 43 dBm

Maximum BS power per user: 30 dBm

Minimum BS power per user: 15 dBm

Maximum UE power: 21 dBm 

Minimum UE power: –50 dBm.

	
	PHS
	No power control. (TX duty: 0.125 =1/8 slots; traffic: 162 Erl/km^2; 16 users/cell). [2]

Maximum CS power: 36 dBm [5]

Maximum MS power: 19 dBm (average power: 10 mW) [5]

	Capacity metrics
	UMTS
	As per TR 25.942. The system is loaded such that 95 % of users achieve an Eb/Nt greater than (target Eb/Nt - 0.5 dB), and the derived number of users is defined as the capacity.

Obtain the capacity loss for an Adjacent Carrier Interference Ratio (ACIR) calculated based on the UMTS/PHS technical specifications and the worst-case PHS ACS performance measurements.

	
	PHS [3]
	Load to the maximum number of users and observe the change in the SINR histogram and outage (i.e., 0.5 dB < SINR target)

	ACIR parameters
	UMTS to PHS
	UMTS BS to PHS PS (Scenario 2):

Consider the TS 25.104 UMTS BS transmitter emission power of -41 dBm/300 kHz and a 74 dB PHS PS receiver selectivity (i.e., -40 dBm blocking level) [2]

	
	PHS to UMTS
	PHS CS to UMTS UE (Scenario 3):

Consider a PHS CS transmitter emission power of -26 dBm/300 kHz [5], the UMTS UE receiver selectivity of 33 dB defined in TS 25.101 
PHS PS to UMTS UE (Scenario 4):

Consider a PHS PS transmitter emission power of -26 dBm/300 kHz [5], the UMTS UE receiver selectivity of 33 dB defined in TS 25.101
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