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1 Introdcution

Simulation methodology for the co-existence of E-UTRA with E-UTRA or UTRA has been discussed and proposed in [1, 2]. It was proposed to use analytical and Monte-Carlo simulation approach for interference analysis in the deterministic and statistical scenarios respectively. The dynamic simulation approach is proposed for RRM investigation [2]. The template of LTE RF System Scenarios was also proposed [3]. In this contribution, the simulation method and assumptions for the co-existence of E-UTRA with E-UTRA or UTRA are proposed and discussed. 
2 Interference analysis and simulations 
2.1 Analytical interference analysis
As proposed in [2], analytical interference analysis method can be used for the deterministic scenarios, that is for the interference analysis between BS and BS. The analytical interference analysis method for UTRA systems was described in TR25.942[4]. The analytical interference analysis method described in TR25.942 is valid and can be reused for E-UTRA. 


2.1.1 Co-location
The MCL (Minimum Coupling Loss) for co-located base stations was supposed as 30 dB. This MCL=30 dB can be used for the co-location of inter-band BS, for example, between E-UTRA BS and UTRA BS operating in different frequency bands, it can also be used the co-location of intra-band intra-system BS, for example, between E-UTRA BS and E-UTRA BS of two different operators. For the co-location case of intra-band, inter-system BS, for example, between E-UTRA BS and UTRA BS of the same operator, if separate antennae are used for different systems, the MCL of 30 dB can also be supposed. In practice, operator will probably reuse the same antenna and same cable for the co-located intra-band E-UTRA BS and UTRA-BS operating in adjacent channels, for this case, MCL between co-located intra-band inter-system BS can not be supposed as 30 dB. 
2.1.2 Co-existence

The MCL of macrocellular base stations in co-existence was supposed as 67 dB in section 10.2.1 of TR25.942[4] for UTRA system. This MCL can be used for the co-existence of macro E-UTRA/UTRA BS and macro E-UTRA/UTRA BS in the same geographical area.   The MCL=67 dB was calculated for the frequency band of 2 GHz, for the frequency band below 1 GHz, some correction may be needed. 
2.1.3 Maximum interference level for BS receiver sensitivity protection
UTRA BS receiver sensitivity protection level used in TR25.942 [4] was -110 dBm/3.84 MHz. With UTRA BS noise figure NF=5 dB, this maximum tolerable interference level corresponds the UTRA BS reference sensitivity degradation of 0.8 dB, it corresponds also I/N=-7 dB.  
The maximum tolerable interference level for the protection of BS receiver commonly used by ITU-R is I/N=-6 dB. By considering that the E-UTRA BS reference sensitivity level is not yet defined, it is proposed to use this I/N=-6 dB as E-UTRA BS receiver protection threshold with the assumption of noise figure NF=5 dB. The channel bandwidths at 3 dB attenuation for different carrier separations are not yet defined, the preliminary approximation is to use the carrier separation as the channel bandwidth. Table 1 below gives the derived maximum tolerable interference levels for different channel bandwidths.
Table 1. Maximum tolerable interference levels for E-UTRA BS receiver protection
	Channel bandwidth (MHz)
	Iext

	1.25
	-114

	2.5
	-111

	5
	-108

	10
	-105

	15
	-103

	20
	-102


2.2 Monte-Carlo simulation method & assumptions
Monte-Carlo simulation method was described in detail in TR25.942[4] and it is a well-known static simulation method. For the UTRA system, there is a single channel bandwidth of carrier separation of 5 MHz, the multiple datarates are not considered in Monte-carlo simulations, voice only service was considered in the Monte-carlo simulations in TR25.942[4].
E-UTRA is a system of multi-channel bandwidths and multiple data rates. In the Monte-carlo simulation, only one reference channel bandwidth and one data rate can be considered. Consideration of combining different channel bandwidths and/or data rates will make the static Monte-carlo simulations too complicated and difficult to interpret and analyze the simulation results.

2.2.1 Frequency band

Table 2. Frequency bands

	Band name
	Uplink 

(MHz)
	Downlink

(MHZ)
	Duplex

(MHz)

	I
	UMTS2000
	1920–1980
	2110 –2170
	190

	II
	UMTS1900
	1850–1910
	1930 –1990
	80

	III
	UMTS1800
	1710–1785
	1805-1880
	95

	IV
	UMTS1700/2100
	1710–1755
	2110-2155
	400

	V
	UMTS850
	824 – 849
	869-894
	45

	VI
	UMTS800
	830-840
	875-885
	45

	VII
	UMTS2600
	2500 – 2570
	2620–2690
	120

	VIII
	UMTS900
	880 – 915
	925 – 960
	45

	IX
	UMTS1700
	1749.9-1784.9
	1844.9-1879.9
	95


As shown in table 2, 9 frequency bands have been introduced in the 3GPP specifications. These bands can be classified into two groups :

i) Below 1 GHz: band V, VI, VIII

ii) Above 1 GHz: band I, II, III, IV, VII, IX
It is proposed to choose band VIII (900 MHz) for representing the frequency bands below 1 GHz, and the band I (2000 MHz)  for representing the frequency bands above 1 GHz.
2.2.2 Network layout

It is proposed to consider the macrocellular network for both UTRA and E-UTRA as priority in the co-existence simulations, microcells and picocells can be considered in a second step in the future.
Two network layouts need to be taken into account in the co-existence study : 1) Uncoordinated scenario where the site of network B is located at the cell edge of the network A; 2) Coordinated scenario where the sites of network A and network B are co-located. These two network layouts are indicated by figures 1 and 2 below. These macrocellular network layouts are referred to the chapter 7A of TR25.942[4] and TR25.816[5].  
[image: image5.wmf]B

Cell radius R

Inter

-

site 

distance 3*R

Cell

range 2*R

A

Cell radius R

Inter

-

site 

distance 3*R

Cell

range 2*R

B

Cell radius R

Inter

-

site 

distance 3*R

Cell

range 2*R

A

Cell radius R

Inter

-

site 

distance 3*R

Cell

range 2*R

Cell

range 2*R

Cell

range 2*R


Figure 1: Uncoordinated scenario network layout
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Figure 2: Coordinated scenario network layout

As shown in the figure 1 and 2, the cell range (2*R) is defined as the distance from Transmitter to cell edge. The inter-site distance for uncoordinated scenario is 3*R. Cell range is proposed as 500 m for both 900 MHz and 2000 MHz in urban environment, as 5000 m for 900 MHz in rural environment.   
2.2.3 Propagation model

2.2.3.1 Macrocellular propagation model for urban area
The propagation model used in TR25.942 is valid and can be reused. This macrocellular model is expressed as 
L= 40(1-4x10-3Dhb) Log10(R) -18Log10(Dhb) + 21Log10(f) + 80 dB


(1)

Dhb is the antenna height above average building height, Dhb=15 m was used for UTRA system co-existence simulations. The same value can also be used for E-UTRA network.
BS-UE MCL(Minimum Coupling Loss) for urban area was supposed as 70 dB, the same value can also be supposed for E-UTA in urban area. 

Shadowing fade following the log-normal distribution , standard deviation of the log-normal fading was supposed as 10 dB for UTRA, the same value can also be supposed for E-UTRA.

The path loss from a transmitter antenna connector to a receiver antenna connector (including both antenna gains and cable losses) will be determined by: 

Path_Loss = max (L(R) + Log_normal_Fading - G_Tx – G_Rx, Free_Space_Loss + Log_normal_Fading - G_Tx – G_Rx, MCL)







(2)
where :

- G_Tx is the transmitter antenna gain in the direction toward the receiver antenna, which takes into account the transmitter antenna pattern and cable loss,

- G_Rx is the receiver antenna gain in the direction toward the transmitter antenna,
Table 3 below gives the proposed frequency values for the two frequency bands of 900 MHz and 2000 MHz.
Table 3:  UL and DL Frequency to be used in the pathloss calculation 
	
	900 MHz band
	2000 MHz band

	
	UL
	DL
	UL
	DL

	Frequency (MHz)
	920
	920
	1950
	2140


2.2.3.2 Macrocellular propagation model for rural area

For rural area, the Hata model was used in the work item UMTS900[5], this model can be reused in the Monte-Carlo simulations for E-UTRA system co-existence.
Rural area propagation model(Hata model) 
L (R)=  69.55 +26.16 log f–13.82log(Hb)+[44.9-6.55log(Hb)]logR  – 4.78(Log f)2+18.33 log f -40.94 
(3)
Hb is BS antenna height above ground in meters, f is frequency in MHz, R is distance in km. 
BS-UE MCL(Minimum Coupling Loss) for rural area was supposed as 80 dB, the same value can also be supposed for E-UTA in rural area. 
Shadowing fade following the log-normal distribution, standard deviation of the log-normal fading was supposed as 10 dB for UTRA, the same value can also be supposed for E-UTRA.
The path loss from a transmitter antenna connector to a receiver antenna connector (including both antenna gains and cable losses) will be determined by: 

Path_Loss = max (L(R) + Log_normal_Fading - G_Tx – G_Rx, Free_Space_Loss + Log_normal_Fading - G_Tx – G_Rx, MCL)







(4)
where 

G_Tx is the transmitter antenna gain in the direction toward the receiver antenna, which takes into account the transmitter antenna pattern and cable loss,

G_Rx is the receiver antenna gain in the direction toward the transmitter antenna, which takes into account the receiver antenna pattern and cable loss, 

Log_normal_Fading is the shadowing fade following the log-normal distribution.
As given in the table 3, for 900 MHz band in rural area, the uplink and downlink frequency is 920 MHz for pathloss calculation in the simulations.
2.2.4 Antenna gain and radiation pattern
The UE antenna radiation pattern is omnidirectional, and gain of UE antenna is supposed as 0 dBi. BS antenna gain and antenna height are summarized in table 4.
Table 4: BS antenna gain and antenna height

	
	Rural Area
	Urban Area

	
	900 MHz
	2000 MHz
	900 MHz

	BS antenna gain* (dBi)
	15
	15
	12

	BS antenna height (m)
	45
	30
	30

	


* note: Cable feeder loss was included.
The following BS antenna radiation pattern for each sector in a directional antenna[6] can be used for tri-sector network layout :
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2.2.5 System and network parameters

UTRA system and network parameters have been defined in TR25.942 and TR25.816. Most of the UTRA network parameters can be used for E-UTRA, as discussed above. 
We need to define several important system parameters in order to perform the Monte-carlo simulation for E-UTRA, the following aspects need to be defined:
i) Multiple channel bandwidth

ii) Data rate

iii) Eb/N0 or SINR values
Eb/N0 or SINR values need to be derived from the dynamic link simulations. The items i); ii); iii) are correlated. 
iv) UL power control

v) DL power control

vi) BS maximum Tx power

vii) UE maximum Tx power
viii) Frequency reuse pattern
For co-existence simulation, the frequency reuse 1 represent the worst case, so the reuse 1 can be considered as the reference frequency reuse pattern. Other reuse patterns, such as 3, or 6, can be considered as options.
2.2.6 Co-existence scenarios
The co-existence scenarios listed in table 5 are considered as high priority simulation scenarios, the simulation work should be started as soon as the simulation assumptions are agreed.
Table 5. High priority simulation scenarios
	 
	900 MHz
	2000 MHz

	E-UTRA ~ E-UTRA
	Urban
	Rural
	Urban

	
	Uncoordinated
	Uncoordinated
	Uncoordinated

	
	Cell Range=500 m
	Cell Range=5000 m
	Cell Range=500 m

	E-UTRA ~ UTRAN
	Urban
	Rural
	Urban

	
	Uncoordinated, Coordinated
	Uncoordinated, 
Coordinated
	Uncoordinated, Coordinated

	
	Cell Range=500 m
	Cell Range=5000 m
	Cell Range=500 m


The co-existence scenarios listed in table 6 are considered as secondary priority, they can be simulated in a second step for determining E-UTRA BS & UE narrow band blocking characteristics. 
Table 6.  Secondary priority simulation scenarios

	 
	900 MHz
	2000 MHz

	E-UTRA ~ GSM
	Urban
	Rural
	Urban

	
	Uncoordinated
	Uncoordinated
	Uncoordinated

	
	Cell Range=500 m
	Cell Range=5000 m
	Cell Range=500 m

	E-UTRA ~ CDMA2000
	Urban
	Rural
	Urban

	
	Uncoordinated
	Uncoordinated
	Uncoordinated

	
	Cell Range=500 m
	Cell Range=5000 m
	Cell Range=500 m


2.2.7 Simulation cases
As proposed in the section 2.2.6, the co-existence between E-UTRA and E-UTRA in urban and rural area, the co-existence between E-UTRA and UTRA in urban and sub-urban area are considered as important and priority simulation scenarios. The following simulation cases need to be performed:

1) E-UTRA UL/DL as victim with interference from E-UTRA UL/DL and from UTRA UL/DL;
2) UTRA UL/DL as victim with interference from E-UTRA UL/DL.
For each simulation case, the simulation results will be presented in the same way as defined in TR25.942 for UTRA, that is the network UL/DL capacity loss as function of ACIR. By considering that the ACLR and ACS of UTRA BS and UE are known, based on the simulation results for different E-UTRA channel bandwidths, the ACLR and ACS of E-UTRA BS and UE can be derived from the simulation results for co-existence cases between E-UTRA and UTRA. 
3 Discussions
In this contribution, several aspects related to the simulation method and assumptions for the co-existence of E-UTRA with E-UTRA or UTRA are proposed and discussed. Several E-UTRA system parameters need to be agreed by RAN_4 in order to start the simulation work. By considering the important quantity of simulation work to be done, RAN_4 needs to discuss and agree on the simulation method and assumption as soon as possible in order to start the simulation work as early as possible.   
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