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Scenarios

The simulated scenarios are summarised in Table 1, containing the main parameters and their default values, and in Table 2, which shows the different operator configurations. When two operators are considered, unless otherwise stated, we assume that they are equally loaded.

Table 1. Simulation campaign scenario and parameters

Version
macrocells
microcells

Cellular layout
Hexagonal (omnidirectional BS antennas)
Hexagonal (omnidirectional BS antennas)

Cell radius
500 m
250 m

Propagation law
AdB = 128.1 + 37.6 log10(dKm) [2]
( = 10 dB
AdB = 128.1 + 37.6 log10(dKm) [2]
( = 10 dB

Mean user velocity
3 Km/h (pedestrian)
50 Km/h (vehicular)
3 Km/h (pedestrian)
50 Km/h (vehicular)

Offered traffic
5, 12 Erl/cell (uniform) (for each operator)
3 Erl/cell (uniform) (for each operator)

Bit rate
12.2 Kb/s
12.2 Kb/s

DL Tx power
30 ( 43 dBm
20 ( 33 dBm

Eb/N0 target

11.9 dB (UL) / 10.0 dB (DL) (pedestrian)
4 dB (UL) / 7 dB (DL) (pedestrian)
9.6 dB (UL) / 11.6 dB (DL) (vehicular)
11.9 dB (UL) / 10.0 dB (DL) (pedestrian)
4 dB (UL) / 7 dB (DL) (pedestrian)
9.6 dB (UL) / 11.6 dB (DL) (vehicular)

Noise rise threshold (see Section 0)

30 dB

30 dB

ACS
45 dB (UL) / 33 dB (DL)
45 dB (UL) / 33 dB (DL)

ACLR
33 dB (UL) / 45 dB (DL)
33 dB (UL) / 45 dB (DL)

Due to the structure of the simulation tool, the offered traffic values reported in the above table refer to a single traffic direction, either mobile originated calls or mobile terminated calls. The total traffic in the cell is therefore twice this value; e.g. when 5 Erl/cell/operator are considered, we have 5 Erl/cell/operator of mobile originated traffic and 5 Erl/cell/operator of mobile terminated traffic, and the total traffic in the cell is therefore 10 Erl.

Table 2. Operator configurations

Simulation
Operator configuration
WDS

A.1
1 operator with macrocells only
NO

A.2
1 operator with microcells only
YES

B.1
2 operators with macrocells only, non-shared sites
NO

B.2
2 operators with macrocells only, shared sites
YES

C.1
2 operators with microcells only, non-shared sites
YES

C.2
2 operators with microcells only, shared sites
YES

These simulations aim at the determination of the following advantages:

· Simulations A.1 and A.2 show the advantage of having WDS, which allows to deploy microcells throughout the service area, in terms of traffic capacity.

· Simulations B.1 and B.2 show the advantage of having WDS which allows site sharing.

· Simulations C.1 and C.2 show the combination of the two advantages already mentioned: the possibility of deploying microcells and the possibility of sharing sites.

As shown in Table 2, we simulated two operators with two options for what concerns the cellular layout: the operators can share sites or they can have individually planned networks. If the networks are non-shared, we chose the worst case, corresponding to having the base stations of one operator in the corner between cells of the other operator (see Figure 1): in this case, the minimum distance between two base stations of the two operators is maximum, and equal to the cell radius.
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Figure 1. Two operators with non-shared base stations: each base station is spaced from a base station of the other operator by a distance equal to the cell radius (worst case)

Definitions

The following definitions apply:

· Blocked call: a call originated by or terminated to a user within the coverage area that can’t be initiated for any reason (essentially, for link budget constraints or for lack of available codes);

· Dropped call: a call that is interrupted for any reason before reaching completion;

· Unsatisfied user: a user is unsatisfied when the power control algorithm requires an increase in transmitted power that can’t be allowed; the simulator distinguishes unsatisfied user in UL and DL;

· Soft Hand-over: a user is in condition of Soft Hand-Over (SHO) when it is simultaneously communicating with more than one base station;

· Noise rise: the perceived increase of noise power due to interference. It is defined as:
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where N is the received thermal noise. Considering that the total interference can be expressed as:


Itot = Iint + Iext + Iother
(2)

where Iint is the internal interference (i.e. the interference due to other users in the same cell as the considered users), Iext is the external interference (i.e. the interference originated within other cells of the same operator) and Iother is the other operator interference (i.e. the interference due to users of other operator(s) using adjacent UMTS carrier(s)), we may identify three components of the noise rise, namely:
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From these definitions it is evident that the total noise rise can’t be computed by the sum of the three components in linear units, i.e. Rtot is not equal to 
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In the current simulation campaign the call admission control is based on the noise rise evaluated in the UL: a new call is accepted only if the current noise rise is below the threshold (see Table 1).

Output parameters

The main output parameters are:

· the number of unsatisfied users (unsatisfied users are defined as users requiring an increase of Tx power which cannot be allowed by the power control): the results are given for UL and DL separately and on a cell by cell basis;

· blocked calls and dropped calls: global result for all cells, distinguishing whether the blocking/dropping is caused for violation of UL or DL constraints;

· the average number of users connected to each base station;

· the fraction of users in SHO, on a cell by cell basis;

· the perceived noise rise in the UL on a cell by cell basis, and in some cases the three components defined in formulas (3), (4), and (5).
�	The Eb/N0 target has a major impact on system performance. In this simulation campaign we investigated two different couples of targets for the pedestrian traffic. The first one can be derived by 3GPP TS 25.141 (UL) and by 3GPP TS 34.121 (DL) assuming the “case 1” for multipath scenario (corresponding to a terminal velocity of 3 Km/h) and imposing a BLER target of 0.01. The other couple of targets was chosen basing on previous experience of system simulations, adopting common practice values.


	As for vehicular traffic, the values that we adopt are derived from the same 3GPP documents. Lacking a multipath scenario for the speed of 50 Km/h, we consider the average between the thresholds for multipath scenario “case 1” (valid for 3 Km/h) and “case 3” (which is valid for a terminal velocity of 120 Km/h).
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