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1 Introduction

To obtain the throughput gains afforded by eIMTA, DL/UL interference mitigation in flexible subframes is essential. This was extensively discussed during RAN1#72bis and the following working assumption was reached as one outcome
· At least for UL, the following scheme is supported for dynamic TDD UL-DL reconfigurations:

· Depending on the type of a subframe and/or type of interference seen by a subframe, the power control parameters and/or mechanism could be different between a flexible subframe and a fixed subframe

· Details of subframe-type dependent power control is FFS 

Due to the typically large differences between DL and UL transmission powers, it is generally understood that the UL SINR a UE experiences can be significantly lower in flexible UL subframes than in fixed UL subframes; using only UL power control (PC) to improve UL SINR is flexible UL subframes is not sufficient and cell clustering and DL PC are additionally required. Nevertheless, inter-cell or inter-cluster interference are always present and a combination of UL PC, DL PC, and cell clustering are required to enhance reliability of UL transmissions in flexible UL subframes. This contribution considers aspects related to UL PC, DL PC, and measurements for flexible UL subframes.  
2 Power Control in Flexible Subframes
Power control is essential for any properly operating communication system. Enhancements to UL PC in flexible subframes, in conjunction with cell clustering, have been shown to provide considerable throughput gains (e.g. [1-3]). It is noted that cell clustering alone cannot avoid inter-cluster interference. Moreover, aggressive cell clustering of cells with relatively small coupling loss can significantly limit the usefulness of eIMTA. As expected, UL PC enhancements can provide larger throughput gains in small cells than in macro-cells [3]. It is noted that for operation in small cells, UEs are not coverage limited and increasing the transmission power is not an issue. Also, although possibly counter-intuitive, increasing the transmission power may 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 also improve DRX. 
Figure 1 shows an example of neighboring cells using different TDD UL-DL configurations. For a UE attached to a cell (or cluster of cells) using configuration 1, interference in flexible UL subframes (SF#3, SF#7, and SF#8) is different than in the fixed UL subframe (SF#2). The interference also depends on the flexible UL subframe itself and it may be, for example, different in SF#3 than in SF#8. Further, the interference in a flexible UL subframe is UE-specific. For example, an UL transmission from UE1 located near Cell#2 will experience DL interference in SF#3 but UL interference in SF#7 while an UL transmission from UE2 located near Cell#3 will experience UL interference in SF#3 but DL interference in SF#7. Therefore, even though SF#7 is flexible, it is preferable for UE1 to use the same UL PC as in fixed subframe SF#2 but use a different UL PC in subframe SF#3. Conversely, even though SF#3 is flexible, it is preferable for UE2 to use the same UL PC as in fixed subframe SF#2 but use a different UL PC in subframe SF#7. It is noted that a UE almost always observes dominant interference from a single cell (e.g. [4]). 

[image: image1]
Figure1: Example of TDD UL-DL configurations in different cells.
Observation 1: The UL PC process for a UE should be both UE-specific and subframe-specific. 
Observation 2: Two UL PC processes suffice. The first UL PC process can be applicable to fixed UL subframes and some flexible UL subframes while the second UL PC process can be applicable for remaining flexible UL subframes.  
The UL PC process includes an open loop (OL) one and a closed loop (CL) one. Assuming that PUCCH transmissions are always in a fixed UL subframe, different OLPC/CLPC parameters in a flexible UL subframe (than in fixed UL subframes) are considered only for PUSCH/SRS transmissions and, since SRS UL PC derives from PUSCH UL PC, only for PUSCH transmissions. It is noted that SRS transmissions in flexible UL subframes are needed as the interference may not be the same across the BW (e.g. DL PC uses different transmission power in different parts of the BW as with FDM ICIC) and because the BW available for PUSCH transmissions in flexible UL subframes can be substantially larger than in fixed UL subframes (e.g. if PUCCH and SPS PUSCH as only in fixed UL subframes). It is also noted that UL PC does not require on its own cell coordination as each eNodeB can estimate the IoT in its cell.
OLPC parameters for PUSCH include 
[image: image2.wmf]c

O_PUSCH,

P

, which consists of a cell-specific component and a UE-specific component, and 
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. CLPC includes the absolute or accumulated TPC commands. OLPC basically controls the IoT while CLPC attempts to compensate for fading. In case two UL PC processes exist for a UE, one issue is whether one or both of the respective OLPC and CLPC processes should be different. OLPC should be different as it controls the IoT and larger values for 
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 and possibly for 
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 may be used in flexible UL subframes as the total interference is typically larger than in fixed UL subframes. Although the conventional role of CLPC is to track fading variations (and hence it could be same as for fixed UL subframes), CLPC can also be beneficial to adjust IoT in case of eIMTA, particularly if the UE-specific component for 
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 is not adjusted after an UL-DL reconfiguration. Therefore, the UL PC process for some flexible UL subframes should include both a separate OLPC process and a separate CLPC process relative to the UL PC process for fixed UL subframes.  
Observation 3: Both the OLPC and the CLPC process for some flexible UL subframes should be independent from the respective ones for fixed UL subframes. 

As the parameters for the second OLPC process (applicable only in flexible subframes) should depend on the UL-DL configurations used in neighboring cells, as after a reconfiguration the interference in flexible UL subframes effectively represents a new realization where a network may apply different DL PC in flexible DL subframes and the interference in a flexible UL subframe may be from different cells, they should be informed to UEs together with the new UL-DL configuration. For example, an eNB may use higher DL transmission power in a flexible DL subframe if for the majority of interfering cells the flexible subframe is also a DL subframe (DL transmission power towards the one in fixed DL subframes) while an eNodeB may use lower DL transmission power in a flexible DL subframe if for the majority of interfering cells the flexible subframe is an UL subframe (DL transmission power approaching towards the one in fixed UL subframes). In general, the coupling loss between interfering eNBs together with the communication direction of interfering eNBs in a flexible DL subframe of a reference eNB can determine the DL transmission power of the reference eNodeB in order to achieve a target IoT and control eNB-to-eNB interference. 
Observation 4: It is beneficial to provide to UEs the cell-specific values of 
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 for the second UL PC process when there is an UL-DL reconfiguration. 

One issue with performing link adaptation in a flexible DL or UL subframe after an UL-DL reconfiguration is that the eNB does not have knowledge of the DL or UL interference conditions a UE will experience in a respective reference subframe in the new UL-DL configuration. Although with explicit signaling of the new TDD UL-DL configuration all UEs can measure and report CSI in flexible DL subframes, a NodeB can generally have the respective CSI reports at least one frame later. For a reconfiguration period of 40 msec or 80 msec, this implies that link adaptation for 25% or 12.5% of flexible subframes can be highly inaccurate and this can have a significant impact on the achievable throughput gains. Therefore, the possibility for a NodeB to obtain CSI reports and/or receive SRS transmissions reflecting the interference conditions in flexible subframes prior to the use of the new UL-DL configuration should be considered.

Observation 5: For a significant percentage of flexible subframes in a UL-DL configuration, a NodeB may not be able to perform accurate link adaptation.    
For DL power control, a key advantage over cell clustering is that it is consistent with the objectives of eIMTA and does not mandate a same transmission direction per subframe among cells, even if the cells experience a small coupling loss. Due to non-ideal backhaul, fast DL power control may not be possible but DL power control can always be combined with (semi-static) FDM-ICIC where DL transmissions are with zero power (or with highly reduced power based on a target IoT and the coupling loss to neighboring cells) 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). Knowing the coupling loss and the direction of communication in a flexible subframe in neighboring cells, a NodeB can accordingly adjust its DL transmission power in a flexible DL subframe. Whether a UE needs to know such network operation is FFS. It is noted that FDM ICIC is also likely needed for EPDCCH transmissions.
As DL/UL interference can be different in fixed and in flexible subframes, a flexible DL subframe can have a separate CSI process than a fixed DL subframe. The existing support for subset-dependent CSI processes can be a basis for further consideration. Additionally, for similar reasons, separate SRS transmissions are needed in fixed UL subframes (e.g. subframe 2) and in flexible UL subframes.
Observation 6: DL Power Control can be combined with FDM-ICIC to mitigate DL interference to UL transmissions.
3 Conclusions

This contribution considered DL PC and UL PC in a flexible subframe. In particular, the following are proposed:

Proposal 1: A UE with eIMTA operation shall support two UL PC processes having independent open-loop PC and independent closed-loop PC. The UL PC process used in a flexible UL subframe is UE-specific.
Proposal 2: A UE with eIMTA is provided the cell-specific values of 
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 for the second UL PC process to use is the new UL-DL configuration.

Proposal 3: Mechanisms to provide an eNodeB with CSI and SRS corresponding to flexible subframes of a new UL-DL configuration prior to respective scheduling should be examined.

Proposal 4: Mechanisms for UL/DL CSI measurements and for UL/DL power control shall be able to support FDM-ICIC in flexible DL subframes. 
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