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1. Introduction
The following was agreed in RAN1#74 for the enhancement to UL power control:
· Up to two sets of subframes  will be UE-specifically signaled per serving cell
· A potential UL subframe  will belong to one of the above mentioned sets

· Up to two sets of open-loop power control parameters (Po and alpha) are defined

· These parameters are applicable to PUSCH and SRS channels

· TPC commands are accumulated separately for each subframe set
· FFS on
· whether the subframe set is signaled in semi-static or dynamic manner
· details of how to determine the parameters of each PUSCH and SRS transmission 
· whether to enlarge TPC steps assuming the same number of TPC bits as in current specification
· PHR operation
This contribution discusses the remaining details of the agreed subframe-set specific UL power control. 
2. Discussions
2.1. Subframe set signaling and PUSCH power control parameters
One FFS point is the signaling method of the two UL power control subframe sets. One main reason of introducing the dual power control processes is to change the UL power control in adaptation to the neighboring cells’ UL-DL configuration change. As this UL-DL configuration change is updated by L1 signaling, it is natural to determine the UL power control subframe sets in a dynamic manner. Similarly to the DL CSI subframe set indication in [1], the UL PC subframe set can be implicitly signaled via the L1 UL-DL reconfiguration message which includes the UL-DL configuration of the dominant interferer. To be specific, by using the UL-DL reconfiguration message structure in [2], the new DCI can accommodate multiple UL-DL configuration indicators and one of them will determine the UL PC subframe set of a certain UE. For this operation, eNB needs to indicate which UL-DL configuration indicator determines the UL PC subframe set. In addition, eNB also needs to configure the association between each state of the UL-DL configuration indicator and a specific pattern of the two UL PC subframe sets. In other words, a UE is configured with a UL-DL configuration indicator which plays the role of the selector of the UL PC subframe set pattern. Figure 1 illustrates this operation. We note that the above-mentioned method includes a semi-static subframe set configuration by using the same UL PC subframe set pattern regardless of the received UL-DL configuration indicator. 
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Figure 1. An example of the implicit UL PC subframe set derivation

Once a UE is informed of the two subframe sets, the parameters to be used for PUSCH can be determined by a pre-association between the subframe set and the power control parameters. In other words, one subframe set is associated with one of the two sets of open loop power control parameters and PUSCH transmission in a subframe uses the parameter set associated with the subframe set which the transmission subframe belongs to. Separated accumulation of TPC commands is done in a straightforward manner such that TPC command applicable to PUSCH transmission in subframe n is accumulated only with TPC commands applicable to PUSCH transmissions in the subframe set including subframe n.
It was proposed in [3] to enlarge TPC steps. The main motivation was to allow a wider TPC range so that the eNB can command a big transmission power change when the interference condition is changed abruptly across subframes by the duplex direction change in the neighboring cells. However, it was already agreed to separate the power control parameters as well as the accumulation of TPC commands in the two UL PC subframe sets, and a proper UL PC subframe set configuration would be to limit such an abrupt inter-subframe interference variation to the boundary of the two subframe sets. Thus, from the perspective of a single subframe set, it is not necessary to have a wider TPC range at the cost of the TPC granularity.
Proposal 1: The two subframe sets are derived from a UL-DL configuration indicator in the UL-DL reconfiguration DCI. Each subframe set is associated with a set of power control parameters and PUSCH transmission uses the associated parameter set. The TPC step is kept as in the current specification.

2.2. Power control parameters of SRS transmission
It also needs to determine the set of power control parameters used for SRS transmissions. One solution would be to use the parameter set to be used by PUSCH transmissions in the same subframe set. This can be a simplified solution but has the limitation that eNB is not able to assess the link quality of one subframe set by using SRS transmissions in the other set. This problem is more prominent in periodic SRS transmissions: It is generally assumed that periodic SRS transmissions are scheduled in the static UL subframes, so link adaptation for PUSCH in the flexible UL subframes, typically in a different UL PC subframe set, is not possible by using this periodic SRS if PUSCH and SRS power control parameters are always the same in the same subframe. We note that aperiodic SRS transmission is in the figure group indicator since Rel-10 but no inter-operability test is available so far. Thus, for a better link adaptation operation and a timely deployment of TDD eIMTA, it is desirable to separate the SRS power control parameters from those for PUSCH transmission in the same subframe. In other words, even in a single subframe, it should be possible that PUSCH uses parameter set 1 while SRS uses parameter set 2.
The case of periodic SRS can be solved easily by adding a PC parameter set indicator in the higher layer configuration message. For aperiodic SRS, several solutions can be considered for the eNB to indicate the PC parameter set to be used by the triggered SRS. The subframe location of the SRS-triggering message can determine the used parameter set, or an indicator can be added to the SRS-triggering DCI.
Proposal 2: PC parameter set of SRS transmission in a subframe can be configured differently from the parameter set of PUSCH transmission in the same subframe. Further study is needed on how to indicate the used SRS parameter set.
2.3. Power headroom report (PHR)
When the subframe-dependent UL power control is applied, the separate open-loop power control parameters (P0 and alpha) are configured for each subframe set. Therefore, the PH values of different subframe sets can have large difference. Furthermore, it is hard for an eNB to infer the PH value of one subframe set from that of another subframe set. The reason is that the pathloss value is in general unknown to an eNB, and if TPC accumulation is enabled, fc(i) in [4] is also unknown to an eNB since a UE may be able to miss TPC command. With all these aspects, it is appropriate that if a PHR is triggered based on the PH reporting procedures in [5], PHs of all subframe sets are triggered and reported. Here, each PH value is calculated on the basis of the power control parameter set associated with the each subframe set. In addition, as already described in [6], there could be two options to support PH reporting of all subframe sets. The first one is that PHs of all subframe sets will be reported at the same subframe. The second one is that the PH of a certain subframe set will be reported at a subframe which belongs to the same subframe set. The former may require more specification works to design a new container (carrying PHs of multiple subframe sets of a single CC), but it can provide an eNB with PHs of all subframe sets in a short time. 

Proposal 3: If PHR is triggered based on the PH reporting procedures, PHs of all subframe sets are triggered and reported. Further study is needed on how PHs of all subframe sets will be reported.
3. Conclusion
This contribution discusses remaining details of the UL power control based on two subframe sets. The discussion can be concluded by the following proposals:
Proposal 1: The two subframe sets are derived from a UL-DL configuration indicator in the UL-DL reconfiguration DCI. Each subframe set is associated with a set of power control parameters and PUSCH transmission uses the associated parameter set. The TPC step is kept as in the current specification.
Proposal 2: PC parameter set of SRS transmission in a subframe can be configured differently from the parameter set of PUSCH transmission in the same subframe. Further study is needed on how to indicate the used SRS parameter set.
Proposal 3: If PHR is triggered based on the PH reporting procedures, PHs of all subframe sets are triggered and reported. Further study is needed on how PHs of all subframe sets will be reported.
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