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1 Introduction

To gain a better understanding on the issues related to the potential introduction of additional configurations for LTE TDD, a study item was approved in RAN meeting #66 [1]. One of the objectives of the study item is the evaluation of the potential benefits and drawbacks of the additional TDD configuration(s) and possible solutions to mitigate the potential drawbacks.
In this contribution, we present potential solutions to mitigate the drawbacks of using the additional TDD configurations.
2 Potential solutions to mitigate the potential drawbacks 
In this section, we discuss some concerns raised when using additional TDD configuration and potential solutions to mitigate these drawbacks. 
2.1 Co-existence issue
One of the main concerns raised in using the downlink-only TDD configuration is that the normal TDD operations in an adjacent TDD carrier operated by another operator will be disrupted. That is, if an operator uses downlink-only TDD configuration it has a severe impact on the neighbor operators’ uplink performance due to strong downlink-to-uplink, i.e., BS-to-BS interference. 
As shown in [2], this is a valid concern if the additional TDD configuration is used on macro network, which is interfering another operators’ macro network. However, as also shown in [2], the downlink-only configuration can be used in pico nodes. This reduces the downlink-to-uplink interference to a macro network on an adjacent carrier such that the interference is not lethal anymore.
Interference mitigation methods could be used to further reduce the downlink-to-uplink interference. For instance, BSs could detect strong neighbors on adjacent carriers by measuring PSS/SSS/CRS on adjacent carriers before starting up and occasionally during operation. If neighbors with low-to-medium interference are detected, i.e., low-to-medium BS-BS interference would occur, the pico BSs could lower the transmission power accordingly. If neighbors with strong interference are detected, the pico BSs could decide to use the same UL/DL configuration as the neighbor eNB and by that avoid BS to BS interference completely.
Since BS-BS interference is not specific to the new DL-heavy TDD configurations, such methods could be applied also to existing TDD configurations for the case that networks on adjacent carriers are using different UL/DL configurations.
Besides the semi-static scheme outlines above, one can envision also a dynamic scheme based on a listen-before-talk (LBT) type of mechanism. For example, a BS using the downlink-only TDD configuration could listen to the first OFDM symbols of an UL subframe of a network on an adjacent carrier to determine whether there is any ongoing uplink transmission. The BS would then only transmit in downlink to its own UE if there was no activity detected on the adjacent carriers. Note that for the listing period, the downlink scheduling would have to use cross carrier scheduling.
Finally, it can be noted that the co-existence issue does not occur if the operators on adjacent carriers are both using the downlink-only configuration. 

2.2 PUCCH overloading
Downlink-only TDD configurations can only be used as Secondary Cells (SCells) and must be accompanying by a standalone Primary Cell (PCell). Consequently, CSI is reported on the uplink of the PCell. Hence, a concern was raised that the PUCCH on the PCell would be overloaded. 
However, if the downlink-only TDD configuration is used by an operator having more than one standalone carrier, the additional PUCCH load from the DL-only carrier can be distributed over multiple standalone carriers. This can be done for UEs being capable of 2DL CA using simple load balancing techniques. For UEs capable of 3DL CA, PUCCH transmissions on the second (standalone) SCell can be used.

Finally, it can be noted that for FDD, Supplemental Downlink Carriers are already in operation. In those networks, a PUCCH overload has not been observed.
3 Conclusion

In this contribution, we list potential solutions to the concerns raised when using additional TDD configurations.  We recommend capturing them in section 6 of TR 36.825.
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