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1. Introduction
Many discussions for escape mechanisms for the case of coexistence of FDD non-coordinated multi-operators has been done in WG4 meetings so far. (See [1], [2], [3])
However no discussion has been done for the case of coexistence of FDD/TDD non-coordinated multi-operators and TDD/TDD non-coordinated multi-operators yet.

This contribution  starts the discussion on escape mechanisms for these cases , in particular considering the 1920MHz border for FDD/TDD co-existence.
2. Cases where escape mechanisms are required
Considering 1920MHz border TDD bands neighbour FDD uplink bands.

Thus following interference scenarios need to be considered at the 1920MHz border.

· TDD MS interferes to FDD BS
· TDD BS interferes to FDD BS
· FDD MS interferes to TDD MS
· FDD MS interferes to TDD BS
Furthermore for TDD/TDD co-existence case following interference scenarios are considered in this document.

· TDD MS interferes to TDD MS
· TDD MS interferes to TDD BS
· TDD BS interferes to TDD MS
· TDD BS interferes to TDD BS
Microcells are deployed to enhance system capacity and/or improve indoor coverage (from the outside). Antennas are typically mounted on walls close to streets or other areas of high numbers of users, and with low Minimum Coupling Losses. Such a site is likely to lead to outage areas around this site for customers in the network of a different operator on adjacent channels (5 or 10 MHz separation). Even though the outage areas only make up a  small area of the cell, it was already recognized that either calls are dropped or “dead zones” may appear. 

3. Possible escape mechanisms for FDD/TDD co-existence 

(1) TDD MS interferes to FDD BS
It is likely that in case of a TDD user with speech or data up to 144kbps, one slot in FDD BS is interfered, since such a TDD user is active in one slot assuming that affect of only one closest TDD user is considerable.

Although a TDD user with higher data rates uses more than one time slot, such a high data rate TDD terminal is most unlikely to appear close to a macro FDD BS. So time slotted interference of TDD MS influences with only a part of the frame in FDD BS.

Maximize coupling loss

As mentioning in the previous chapter, antennas are typically mounted on walls close to streets or other areas of high numbers of users with low Minimum Coupling Losses in microcells.
Since operators may wish re-use existing sites, it is difficult to change height of antenna and thus maximize the coupling loss, however it may be still possible in some cases.

Radio link adaptation

When link of FDD is severely interfered from TDD MS reduction of transmission bit rate on the link can help endurance towards the interference at least in case of accepting a certain degree of degradation of quality of service.

Application of adaptive array antenna
Application of adaptive array antenna for FDD BS can reduce influence of the interference.

Application of FEC

FEC such as the interleaving and coding applied in FDD BS can with a limited performance loss (a few dBs) handle a loss of part of each received frame due to time slotted interference of TDD MS, if a sufficient part of the frame is received without severe interference. The loss (which can be seen as a loss of coding gain) should be limited for duty factor below 10 to 20%, irrespective of the signal strength of the interfere. Since it is likely one slot per frame of FDD is lost due to time slotted interference of TDD MS, the loss can be corrected by FEC, however its exact performance will depend on the specific coding applied for a certain service.
(2) TDD BS interferes to FDD BS
Since BSs do not move, significant interference occurs between BSs with a low Minimum Coupling Loss such as following co-existence cases.

· Not co-sited on adjacent frequencies

· Co-sited on adjacent frequencies

Site location planning (and frequency planning)

These coexistence cases can be avoided by a site location planning within the same operator.

However it is difficult to avoid the coexistence cases by site location planning between different operators, since each operator may wish re-use existing sites, especially in case of sites being located in dense urban areas.

Co-existence in the same geographic area is in any case (between different operators as well as within the same operator) possible by applying four following solutions.

Application of additional filter

The interference of TDD BS with FDD BS is reduced to allowed level by applying additional filter between TX/RX duplexer and TX/RX anntenna such as described in [4].

Radio link adaptation

When link of FDD is severely interfered from TDD BS reduction of transmission bit rate on the link can help endurance towards the interference at least in case of accepting a certain degree of degradation of quality of service.

Application of adaptive array antenna

Application of intelligent antenna such as adaptive array antenna can also reduce the interference to allowed level.

(3) FDD MS interferes to TDD BS
Since a FDD user is active during entire frame, i.e. continuous transmission during entire frame, entire slots in a frame in TDD BS are interfered from FDD MS.

Maximize coupling loss

Since operator may wish re-use existing sites, it is difficult to change height of antenna, however it may be still possible in some cases similarly to the case of TDD MS interfering to FDD BS.

Radio link adaptation

When link of TDD is severely interfered from FDD MS reduction of transmission bit rate on the link can help endurance towards the interference at least in case of accepting a certain degree of degradation of quality of service.
Application of adaptive array antenna
Application of adaptive array antenna for TDD BS can reduce influence of the interference, similarly to the case of TDD MS interfering to FDD BS.

(4) FDD MS interferes to TDD MS

Entire slots in a frame in TDD MS are interfered from FDD MS, similarly to the case of FDD MS interfering to TDD BS.

Radio link adaptation

Reduction of transmission bit rate can help endurance towards the interference at least in case of accepting a certain degree of degradation of quality of service, similarly to the case of FDD MS interfering to TDD BS.

Interfrequency handover within TDD

If a TDD operator has more than one carrier frequency , intra-system handover such as handover to another frequency within TDD is possible. Because the handover reduce the interference by about 10dB and power per one slot at FDD is likely less than at TDD. Certainly it is recognized that currently it is rather unlikely that a TDD operator gets more than 5MHz bandwidth.

Inter-system handover

Even though a TDD operator has one carrier frequency, inter-system handover such as handover to another system, e.g. GSM etc., is possible although it depends on grade of service of the system.

Effect of above proposed escape mechanisms are summarized in the following table.

Table 1. Possible escape mechanisms for FDD/TDD co-existence

Scenario of interference


TDD MS to FDD BS
TDD BS to FDD BS
FDD MS to TDD BS
FDD MS to TDD MS

Static Methods
Site location (and Frequency planning)
Not applicable
Effective in case of the same operator
Not applicable
Not applicable


Maximize coupling Loss
Effective in some cases
Not applicable
Effective in some cases
Not applicable


Additional Filter
Not applicable
The most effective in any cases
Not applicable
Not applicable

Dynamic Methods
Radio Link Adaptation
Effective in case of accepting degradation of quality of service
Effective in case of accepting degradation of quality of service
Effective in case of accepting degradation of quality of service
Effective in case of accepting degradation of quality of service


Adaptive array antenna
Effective (depends on implementation of antenna)
Effective (depends on implementation of antenna)
Effective (depends on implementation of antenna)
Not applicable


FEC
The most effective (depends on the specific coding and the time slot structure)
Not effective
Not effective
Not effective


Inter-frequency Handover
Not effective
Not effective
Not applicable
Effective (depends on the number of carrier within a operator)


Inter-system Handover
Not applicable
Not applicable
Not applicable
Effective (depends on service of the system)

4. Possible escape mechanisms for TDD/TDD co-existence 

In case of TDD/TDD co-existence within coordinated single-operator, interference does not occur since cells are synchronised.

In case of TDD/TDD co-existence between non-coordinated multi-operators it is likely that time slotted interference from TDD causes a loss of one slot in another TDD (in other operator). Because one TDD user is active in one slot assuming that affect of only one closest TDD user is considerable and cells in different operators are not synchronized to each other.

In this case the following solutions are considerable.

(1) TDD MS interferes to TDD MS

Radio link adaptation

Reduction of transmission bit rate can help endurance towards the interference at least in case of accepting a certain degree of degradation of quality of service.

Intra-frequency handover within TDD (DCA)

DCA such as change to another time slot within a frame can avoid the time slotted interference.

Inter-system handover

Inter-system handover such as handover to another system, e.g. GSM etc., is possible although it depends on grade of service of the system..

(2) TDD MS interferes to TDD BS

Maximize coupling loss

Since operator may wish re-use existing sites, it is difficult to change height of antenna, however may be still possible in some cases.

Radio link adaptation

Reduction of transmission bit rate can help endurance towards the interference at least in case of accepting a certain degree of degradation of quality of service.

Application of adaptive array antenna
Application of adaptive array antenna for TDD BS can reduce influence of the interference.

Intra-frequency handover within TDD (DCA)

DCA can avoid the time slotted interference.

(3) TDD BS interferes to TDD MS

Maximize coupling loss

Since operator may wish re-use existing sites, it is difficult to change height of antenna, however may be still possible in some cases.

Radio link adaptation

Reduction of transmission bit rate can help endurance towards the interference at least in case of accepting a certain degree of degradation of quality of service.

Intra-frequency handover within TDD (DCA)

DCA can avoid the time slotted interference.

Inter-system handover

Inter-system handover such as handover to another system, e.g. GSM etc., is possible although it depends on grade of service of the system.

(4) TDD BS interferes to TDD BS

Application of additional filter

The interference of TDD BS with TDD BS is reduced to allowed level by applying additional filter between TX/RX duplexer and TX/RX anntenna such as described in [4].

Radio link adaptation

Reduction of transmission bit rate can help endurance towards the interference at least in case of accepting a certain degree of degradation of quality of service.

Application of adaptive array antenna
Application of adaptive array antenna for TDD BS can reduce influence of the interference.

Intra-frequency handover within TDD (DCA)

DCA can avoid the time slotted interference.

Effect of above proposed escape mechanisms are summarized in the following table.

Table 2. Possible escape mechanisms for TDD/TDD co-existence in case of different operators

Scenario of interference


TDD MS to TDD MS
TDD MS to TDD BS
TDD BS to TDD MS
TDD BS to TDD BS

Static Methods
Site location (and Frequency planning)
Not applicable
Not applicable
Not applicable
Not applicable


Maximize coupling Loss
Not applicable
Effective in some cases
Effective in some cases
Not applicable


Additional Filter
Not applicable
Not applicable
Not applicable
Effective in any cases

Dynamic Methods
Radio Link Adaptation
Effective in case of accepting degradation of quality of service
Effective in case of accepting degradation of quality of service
Effective in case of accepting degradation of quality of service
Effective in case of accepting degradation of quality of service


Adaptive array antenna
Not applicable
Effective (depends on implementation of antenna)
Not applicable
Effective (depends on implementation of antenna)


DCA
The most effective
The most effective
Effective 
Effective 


Inter-system Handover
Effective (depends on service of the system)
Not applicable
Effective (depends on service of the system)
Not applicable

5. Conclusion

This document summarizes effective escape mechanisms for each cases on FDD/TDD coexistence and TDD/TDD co-existence. In particular for TDD/TDD co-existence the possibility to avoid interference in the time domain is identified. This contribution is aiming to start the discussion on escape mechanism, while further contributions are forseen.
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