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1 Introduction

Deployments with pico cells (or with small cells) on a same carrier frequency, with or without CA, are ideal cases for eIMTA due to the existence of a small or moderate number of active UEs per cell and due to the fast and large variations in DL/UL traffic. To obtain the throughput gains afforded by eIMTA in such deployments, interference mitigation in flexible subframes is a key design consideration. In particular, as neighboring cells are not mandated to use a same TDD UL-DL configuration in flexible subframes, eIMTA requires mitigating the impact of DL interference on UL transmissions and the reverse (at least for small cells with relatively low eNB transmission power where an UL transmission from a UE near the edge of one cell can interference with a DL reception from a UE in another cell). 

This contribution considers enhancements on DL/UL power control for interference mitigation in eIMTA. 

2 Power Control Aspects for eIMTA
Power control is essential for any properly operating communication system. Enhancements to power control for eIMTA are motivated by the different interference conditions a UE experiences in fixed UL subframes and at least in some flexible UL subframes and by the limitation or absence of other mechanisms for efficiently addressing these different interference characteristics. 

Cell clustering (among cells with small coupling loss) has been suggested for interference mitigation for eIMTA and it is functionally similar to that considered for dense small cells (both require ideal backhaul among cells in a cluster and a central control unit). However, contrary to dense small cells, a restriction for having a same direction of transmissions in a flexible subframe among all cells in a cluster works against the objectives of eIMTA and fundamentally limits the gains from adapting a TDD UL-DL configuration. This is obviously because a same TDD UL-DL configuration is forced in each cell regardless of the actual traffic in that cell. For example [1] shows that cell clustering results to DL throughput loss and, even without any improvements in DL power control or UL power control for the case without cell clustering, cell clustering does not improve UL throughput. 
Even by effectively transforming a cluster of cells into a single cell for the purposes of eIMTA, the interference issues are not solved unless that single cell is isolated. There is clearly a tradeoff among how many cells can be assumed in a cluster (i.e. where to set a threshold for coupling loss in order to consider a cell as part of a cluster of not) and the gains of eIMTA. At one extreme, there are no cell clusters and gains from eIMTA without considering interference are maximal but in practice they will be limited or even reversed by interference. At the other extreme, all cells are in one cluster and eIMTA is not used. Cell clustering will naturally depend on network topology and other factors, similar to the considerations for interference mitigation with dense small cells. Consequently, further consideration of cell clustering is more appropriate in conjunction with similar studies for small cells and falls rather outside the objectives of eIMTA. Further discussion on cell clustering can be found in [2]. 
Observation 1: Restricting, for the purposes of eIMTA, a TDD UL-DL configuration to be same for a cluster of cells effectively makes the cluster of cells behave as a single cell. Further consideration of cell clustering should follow similar studies for small cell enhancements.

DL Power Control
A key advantage of all other interference mitigation schemes over cell clustering is that they are consistent with the objectives of eIMTA and do not mandate a same transmission direction per subframe among cells, even if the cells are in a same cluster and experience a small coupling loss.

DL power control, in conjunction with link adaptation, typically targets a reduction in DL transmission power. This is possible if CRS is not transmitted in flexible subframes in which case DL PSD can be flexibly adjusted. Note that unlike a standalone NCT, legacy UEs are not affected by the absence of CRS as flexible subframes are indicated as UL subframes. Other than specifying absence of CRS in flexible subframes, DL power control is an implementation issue from a RAN1 perspective. DL power control can be combined with FDM-ICIC where DL transmissions are with zero power (or highly reduced power) in a first part of the BW and UL transmissions are scheduled only in that first part of the BW (and the reverse for the remaining BW). Whether a UE needs to know such network operation is FFS. 
As DL/UL interference can be different in fixed and in flexible subframes, separate CSI processes are needed for fixed and for flexible DL subframes. The existing support for subset-dependent CSI processes can be a basis for further consideration. Additionally, for the same reasons, separate SRS transmissions are needed in fixed UL subframes (e.g. subframe 2) and in flexible subframes that remain in the UL direction after an adaptation.

Observation 2: DL Power Control can be combined with FDM-ICIC to mitigate DL interference to UL transmissions.
UL Power Control
Regardless of whether DL power control with/out FDM-ICIC is applied, the interference a UE experiences for UL transmissions in fixed subframes is different than the one it experiences in flexible subframes. A typical scenario is that interference to PUSCH transmission in flexible subframes is much larger than the one in fixed subframes, even if reductions to DL transmission power are applied, as the eNB transmission power is larger than the UE transmission power. In that case, a UE can increase its PUSCH/SRS transmission power (PUCCH is assumed to be only in fixed UL subframes). However, with the application of FDM-ICIC, this assumption may not be valid as in case an eNB transmits with zero power in the part of the BW where PUSCH transmissions are scheduled in flexible subframes, the interference a PUSCH transmission experiences in flexible subframes is actually smaller than in fixed subframes. In that case, a UE may decrease its PUSCH/SRS transmission power to avoid creating unnecessary interference. In either case, a different UL power control process is needed at least in a flexible subframe where the cell with dominant interference to a UE has DL transmissions in the flexible subframe. 
Observation 3: In some flexible subframes, a UE can experience either a larger or a lower interference than in fixed UL subframes.
For the case a UE experiences larger interference in some subframes (no FDM ICIC), although an increase in UL power will increase interference and decrease DL throughput, DL transmissions still benefit as the interference would remain less than the one experienced in fixed DL subframes. Although the power differential between DL and UL transmissions is likely to remain in favor of the DL this differential may be very small especially for operation in small cells for which DL transmission power is significantly reduced compared to macro eNBs (FDM ICIC may not be needed in that case). As expected, the results in [3] show that UL power control enhancements can provide larger throughput gains in small cells than in macro-cells. It is noted that for operation in small cells (or pico cells), UEs are not coverage limited and increasing the transmission power is not an issue. Also, although possibly counter-intuitive, increasing the transmission power does not need to increase overall battery consumption as it is preferable for a UE to complete transmission of its data with a fewer total number of transmissions and thus improve DRX. 
For the case a UE experiences lower interference in some flexible subframes (due to the use of FDM ICIC), it should reduce its transmission power if a dominant interfering cell has DL transmissions in the same flexible subframe because the UE experiences much lower interference (including no interference in case of zero power transmission from the interfering eNB). The power reduction does not need to be proportional to the interference reduction as a larger MCS can be used for PUSCH transmissions in such subframes. 
Using a different UL power control process in some flexible subframes than in fixed subframes can involve using a different Closed Loop (CL) power control process (different accumulation of TPC commands and possibly different range of TPC commands) and/or a different Open Loop (OL) power control process (different 
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). Depending on the TDD UL-DL configuration used in the interfering cell with the smallest coupling loss (dominant interfering cell), a UE should use for a flexible subframe the same UL power process as in fixed UL subframes if that subframe in the interfering cell is also an UL one and should use the additional UL power control process if that subframe in the interfering cell is a DL one. 

Similar to using subframe dependent CSI processes in the DL, subframe dependent CSI processes should also be used in the UL. This is however much simpler than in the DL as it only implies that a UE should transmit SRS in both fixed and flexible subframes.

Observation 4: A different UL PC process for some flexible subframes than in fixed UL subframes can be realized by different OL power control parameters and/or different CL power control parameters. 

3 Conclusions

This contribution considered DL power control and UL power control enhancements in flexible subframes. DL power control enhancements require absence of CRS in flexible subframes and, depending on whether FDM-ICIC is also used, may require a UE to be informed of respective sub-bands (FFS). UL power control enhancements require that a different OL power control process and/or a different CL power control process are used for PUSCH/SRS transmissions in some flexible subframes.   
Proposal: eIMTA shall support use of different DL/UL power control in a flexible DL/UL subframe than in a fixed DL/UL subframe.
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