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1 Introduction

In document [1] the relationship between ACIR and system capacity loss has been studied for speech service in a TDD system consisting of two operators with synchronized switching points. This means that the two operators are, at the same time, both in uplink or in downlink. In that case uplink and downlink were studied separately. 

A new set of simulations has been carried out supposing switching point synchronization inside each operator and complete switching point asynchronization between different operators. This means that all the cells controlled by the same operator have the same direction and that there is a complete overlapping between the uplink of the first operator and the downlink of the second one. Aim of this document is to analyse capacity figures obtained by means of simulations performed for different ACIR values in this scenario.

2 Description of the Scenario

Simulations have been performed in a macro-to-macro scenario with 36 hexagonal cells wrapped around. The lack of synchronization between the switching points of the two operators causes, with respect to the scenario described in [1], a new situation from an adjacent channel interference generation point of view. In the previous scenario, in fact, the two operators were both in uplink or in downlink and the adjacent channel interference was generated by the mobiles controlled by the other operator in the first case and by the base stations belonging to the other operator in the second one. 

In this case the adjacent channel interference is generated in a different manner. Let’s suppose the first operator in uplink and the second operator in downlink. The interference at each base station of the operator 1 (uplink) is due to the following contributions:

· co-channel interference generated by the mobiles controlled by the operator 1;

· adjacent channel interference due to the base stations belonging to the operator 2 (BS-to-BS interference).

The interference at each mobile of the operator 2 (downlink) is due to the following contributions:

· co-channel interference due to the base stations transmitting on the same frequency;

· adjacent channel interference due to the mobiles controlled by the operator 1 (MS-to-MS interference).

Therefore the adjacent channel interference due to the coexistence of not synchronized operators is of two kinds: MS-to-MS interference, suffered by the operator in downlink, and BS-to-BS interference, suffered by the operator in uplink. The second one is more destructive than the first one because of the involved powers and of the reduced path losses (the base stations are supposed to be in line-of-sight).

In [2] the different scenarios obtained varying the base station shifting of the two operators have been classified in best, intermediate and worst case on the base of the amount of adjacent channel interference with high probability suffered by the mobiles and by the base stations in the system (BS-to-MS interference and MS-to-BS interference). 

In this case a new classification has to be introduced because the adjacent channel interference is generated in a different manner. The classification, based on the amount of BS-to-BS interference, the most destructive interference due to the presence of a not synchronized operator, is the following:

· worst case scenario: 0 m base station shifting (co-siting);

· intermediate case scenario: 577/2 m base station shifting;

· best case scenario: 577 m base station shifting.

Our simulations aim to estimate in the intermediate scenario the capacity loss suffered by the system because of the presence of a second operator for different ACIR values. It is important to stress that when we consider the uplink direction, the ACIR value applied to the adjacent channel interference is obtained considering the ACLR and the ACS of the base station and we will refer to this as ACIR BS-to-BS. 

When we consider the downlink direction, the ACIR value applied to the adjacent channel interference is obtained considering the ACLR and the ACS of the mobile and we will refer to this as ACIR MS-to-MS.
3 Description of the Propagation Models

3.1  Minimum Coupling Loss (MCL)

The following values are assumed for the MCL (see [2]):

· 70 dB for the links MS-to-BS and BS-to-MS ;

· 40 dB for the link MS-to-MS (this value has been obtained applying the free space loss formula and considering 1 m as minimum separation distance).

3.2  BS-to-MS and MS-to-BS propagation model

We have applied the propagation model described in [2].

3.3  BS-to-BS propagation model

The test scenario described in [2] implies that the base stations of the two operators are in line-of-sight with clearance of the first Fresnel zone. Therefore the propagation model applied is the free space loss model (see [4]).

The base station antenna gain used to calculate the power received in this case is 10 dB, instead of 13 dB,  to consider the tilt of the antennas.
Thus, since the distance between BSs of different operators is 577/2 m, the path loss is 87 dB, and, including the antenna gains, 67 dB.
3.4  MS-to-MS propagation model

The propagation model employed in NLOS condition is the outdoor macro model based on the Xia formula described in [3]. The propagation model employed in LOS condition is the free space loss model. The standard deviation of the log-normal fading is, in both cases,  ( = 12dB

4 Description of Simulations

The simulations have been performed in a macro-to-macro scenario, with 36 hexagonal cells wrapped around. Intermediate case has been analysed for speech service. The  results shown in the next paragraph have been obtained using a sequential simulator that has been “adapted” in order to reproduce different snapshots of the network. No DCA technique is used. Radio resource assignment is random.

The simulator executes the following steps several times (snapshots):

· loading of the system with a fixed number of users and mobile distribution uniformly across the network;

· execution of different power control loops to achieve system stability;

· evaluation of the total interference amount both for uplink and downlink at the end of the power control loops.

The number of calls allowed for the multi-operator case is obtained applying the “satisfied user criterion” both in UL and in DL (see [2] and [5]). System capacity loss is evaluated comparing, for different ACIR values, the number of calls allowed for the multi-operator case with the number of calls allowed for the single operator case. Uplink and downlink Eb/N0 targets have been derived from [6], where link level simulation results for TDD mode are produced. 

A detailed list of the parameters used in the simulations may be found in [1].
5 Simulation results

In the following, simulation results in uplink and in downlink are produced. These results have been obtained performing 450 snapshots.
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Figure 1.  ACIR BS-to-BS  and system capacity loss in UL.


Figure 2.  ACIR MS-to-MS and system capacity loss in DL.

6 Conclusions

Figure 2 shows that downlink performances are not influenced very much by the presence of the second operator. This means that the MS-to-MS interference is not problematic for the system for an ACIR MS-to-MS value not lower than 30 dB.
In uplink the situation is different because of the presence of the BS-to-BS interference. In the single operator case the system is hard blocked. This means that the number of users per cell is determined only on the base of the resource availability and not on the base of the system interference. The introduction of a second operator not synchronized implies a loss in the system capacity that becomes acceptable for an ACIR BS-to-BS value between 50 and 55 dB.
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