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1. Introduction
The following agreement was made in RAN1#73 meeting for an ICIC method in dynamic TDD UL-DL reconfigurations [1]:

· In UL, at least two subframe sets can be configured, and for each subframe set,

· support separate open-loop power control parameters (P0 and alpha)

· FFS the application of these parameters to different channels e.g., PUSCH, SRS, PUCCH

· FFS separate TPC command and accumulation is supported, companies are encouraged to bring evaluation results regarding this proposal

· FFS if additional (more than two) subframe sets are needed

· In DL, at least two subframe sets can be configured to allow separate CSI measurement/report for either two types of  subframes, and/or two types of interference seen by a subframe 

· FFS if additional (more than two) subframe sets are needed

· FFS if applicability of this in different CSI reporting modes and/or transmission modes

· FFS further details of the required specification support
This contribution discusses the necessary air interface support for the subframe-dependent UL power control that can be built upon the above agreement.

2. On the separate TPC command and accumulation
In the subframe-dependent UL power control, it was agreed that the separate open-loop power control parameters (e.g., P0 and alpha) could be applied to the different subframe sets. The remaining issue is whether to support the separate TPC command and accumulation for the subframe-dependent UL power control. Regarding the closed-loop power control, it is natural to have the subframe-dependent property as well because different subframes are subject to different interference conditions. Especially for the accumulated TPC command, the commands should be accumulated only within the same set of subframes in order to fully track the transmit power control which is specifically set to a certain subframe set. Noting that the main purpose of the closed-loop power control is to correct the residual mismatch between the intended and actual power levels not covered by the open-loop power control, the separation of the accumulation of TPC command is necessary unless it is guaranteed that this residual mismatch is the same in different subframe types. 

Proposal 1: The accumulation of TPC command should be separated according to the subframe set configuration.
3. On the power control for sounding reference signal (SRS)
As already described in Section 2, when the subframe-dependent UL power control is adopted, the separate open-loop power control parameters (e.g., P0 and alpha) will be applied to the different subframe sets. In this case, it is reasonable to operate the two SRS power controls based on the two PUSCH power control parameters. The reason is that it is hard for an eNB to estimate a signal power level of the one subframe set from SRS of the other subframe set since an eNB does not know the exact pathloss value and the different alpha value is configured in the different subframe set, when an eNB performs PUSCH link adaptation for each subframe set. When the above-mentioned principle is applied to the SRS power control, it also needs to define which PUSCH power control parameters of subframe set are used for SRS transmitted in a certain subframe. Two methods can be considered as follows:
· Method 1: The power control parameters of SRS transmitted in a certain subframe are dependent on those of PUSCH in that subframe. In other words, if a SRS is transmitted in a certain subframe, the PUSCH power control parameters linked with that subframe will be used for that SRS power control. Figure 1 illustrates the operation of this method. Here, it is assumed that there are two subframe sets (i.e., set 1, set 2). 
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Figure 1: An example of method 1
· Method 2: The power control parameters of SRS transmitted in a certain subframe are independent of those of PUSCH in that subframe. In other words, when a SRS is transmitted in a certain subframe, the SRS follows the PUSCH power control parameters of a subframe set predefined or separately indicated by eNB. Figure 2 shows an example of this method. Here, it is assumed that there are two subframe sets (i.e., set 1, set 2). 
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Figure 2: An example of method 2
Proposal 2: It needs to define which PUSCH power control parameters of subframe set are used for SRS transmitted in a certain subframe.

4. On the power head room reporting (PHR)
The PHR procedure [2] is used to provide the serving eNB with information about the difference between the nominal UE maximum transmit power and the estimated power for UL-SCH transmission per activated serving cell and also with information about the difference between the nominal UE maximum power and the estimated power for UL-SCH and PUCCH transmission on PCell. A PHR shall be triggered if any of the following events occur [2]:
	· prohibitPHR-Timer expires or has expired and the path loss has changed more than dl-PathlossChange dB for at least one activated Serving Cell which is used as a pathloss reference since the last transmission of a PHR when the UE has UL resources for new transmission;

· prohibitPHR-Timer expires;

· upon configuration or reconfiguration of the power headroom reporting functionality by upper layers [3], which is not used to disable the  function;

· activation of an SCell with configured uplink.

· prohibitPHR-Timer expires or has expired, when the UE has UL resources for new transmission, and the following is true in this TTI for any of the actived Serving Cells with configured uplink: 
· there are UL resources allocated for transmission or there is a PUCCH transmission on this cell, and the required power backoff due to power management (as allowed by P-MPRc [4]) for this cell has changed more than dl-PathlossChange dB since the last transmission of a PHR when the UE had UL resources allocated for transmission or PUCCH transmission on this cell.


However, if the subframe-dependent UL power control is applied, it also needs to clarify UE’s behaviour on PHR. In other words, since the separate UL power control parameters are applied to the different subframe sets, the occurrence of above-mentioned event (i.e., PHR triggering) may be different from the perspective of each subframe set. The following three methods can be considered.
· Method 1: If the above-mentioned event occurs in at least one subframe set, a UE will send PHRs of all subframe sets to the eNB. This method may require an additional specification work to design a new container (i.e., PHR MAC control element) including PHRs of multiple subframe sets of a single CC.
· Method 2: When the above-mentioned event occurs in at least one subframe set, a UE will send the representative PHR to the eNB. Here, for example, the representative PHR can be defined as the minimum value among PHRs of all subframe sets. In this example, it may also consider whether an UE reports the index of subframe set which has the minimum PHR or not.
· Method 3: When the above-mentioned event occurs in at least one subframe set, a UE will send the PHR of the predefined subframe set (e.g., set 1 in Section 3).
Proposal 3: It needs to clarify the PHR operation when the subframe-dependent UL power control is applied.
5. Conclusion
This contribution discussed the UL-related operations mainly for the UL transmit power control, and the following proposals were made:

Proposal 1: The accumulation of TPC command should be separated according to the subframe set configuration.

Proposal 2: It needs to define which PUSCH power control parameters of subframe set are used for SRS transmitted in a certain UL subframe.

Proposal 3: It needs to clarify the PHR operation when the subframe-dependent UL power control is applied.
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