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1. Introduction

Enhanced uplink power control was identified as a suitable interference mitigation technique for eIMTA operation. Specifically, the UE can be configured with a separate uplink power control process per UL subframe set, where the subframe sets can be classified according to the interference seen at the eNB. At a minimum the interference seen by the eNB would differ between subframe n = 2, which is common across all TDD UL/DL configurations and (flexible) subframes {3, 4, 7, 8, 9}, which have different transmission directions depending on the active UL/DL configuration. The user throughput gains for enhanced uplink power control were shown in a number of contributions (see e.g. [1]). Consequently, the following agreements were reached at the RAN1 #74 meeting:

· 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 outstanding aspects for enhanced uplink power control.
2. PUSCH and SRS
The operation of eIMTA in a cell is UE-specific and indeed one objective of the WI is the support of legacy UEs. Therefore, it follows that the nominal part of the PUSCH power spectral density for a serving cell c, denoted as P0_NOMINAL_PUSCH, c could remain common to each subframe set. On the other hand, P0_UE_PUSCH, c and the pathloss coefficient αc can be semi-statically configured by RRC signaling per UL power control process. The first question to resolve is how to indicate to the UE the composition of the two subframe sets corresponding to the power control processes. If the subframe sets are semi-statically configured the eNB cannot adapt the transmit power to fast variations in observed interference though such variations are expected in eIMTA operation. This a priori classification by semi-static configuration also fails to account for the fact that a dominant interferer may use the same UL/DL configuration as the target cell and, thus, a specific UE may not need significantly different power control processes. Therefore, dynamic signaling is preferred. 

Proposal: The indication of which power control loop to apply for a given UL subframe is provided by dynamic signaling.
For dynamic signaling an information element can be conveyed in the UL grant specifying which power control process to apply for the corresponding PUSCH transmission. This approach allows subframe-level adaptation to fast variations in observed interference. The drawback is that it requires either introducing an additional bit or re-defining an existing bit in UL DCI formats as mentioned in [2]. A second issue is that a rule needs to be specified for which power control process is applied in case of non-adaptive (PHICH-based) retransmission. For example, the UE may apply the same power control process as in the initial PUSCH transmission. For 10ms HARQ RTT this not an issue as long as UL/DL configurations remain the same for the source cell and dominant interfering cells. For other HARQ RTTs (UL/DL configurations 0 and 6) the transmit power may either be too high or too low depending on the subframe-dependent interference. It should be noted that the eNB can avoid this problem by adaptive retransmission. Although this incurs additional DL signaling overhead this is not expected to be a problem if eIMTA operation is targeted to lightly loaded cells. Further consideration is needed between the two alternatives of adding a bit or redefining an existing bit.
A different alternative is to indicate the subframe sets in the PDCCH containing the UL/DL reconfiguration. This obviates the need for special handling of non-adaptive retransmission but it increases the DCI payload since up to 5 additional bits (corresponding to each flexible subframe) may be required.
Proposal

· Consider signaling the UL power control process for PUSCH transmission in the corresponding UL grant
· Addition of a bit or redefinition of an existing bit in the UL grant is FFS.

· For retransmission of the same HARQ process, the UE applies the same UL power control process, except indicated otherwise by a more recent UL grant.
2.1. SRS Power Control

In legacy LTE releases, SRS power control is tied to PUSCH power control with an additional offset parameter PSRS_OFFSET, c to adjust SRS power relative to PUSCH power. As the main objective of the subframe-dependent power control process is to mitigate eNB-eNB interference, and this is provided by specifying two sets of open loop parameters, we do not see a need to further distinguish PSRS_OFFSET, c for each power control process.
Proposal: a single PSRS_OFFSET, c value is configured for a UE for serving cell c. 
2.2. Power Headroom Reporting

In LTE a power headroom report (PHR) is reported by the UE to the eNB to assist in making UL scheduling decisions e.g. how many UL PRBs can be assigned to the UE based on its current transmit power level. Thus, when a UE is configured with separate power control loops it follows that the eNB needs to determine the maximum UL resource allocation that the UE can support for each subframe set. TS 36.321 describes several events that could trigger a PHR including expiry of the prohibitPHR and periodicPHR timers, significant change in DL pathloss and activation of a SCell with configured uplink. Since these events may not be affected by subframe-dependent interference, a different method is required to indicate subframe-set-dependent PHR reports. Two possibilities mentioned in [3] are either to transmit separate PHR reports or jointly transmit two PHRs in one reporting occasion. Joint transmission is feasible by using the Extended PHR MAC CE that was introduced in Rel-10 for CA.
Proposal: Consider reusing Extended PHR MAC CE for power headroom reports corresponding to two subframe sets.

3. PUCCH
System performance in EIMTA operation may be severely impacted if uplink control information (UCI) is transmitted in flexible subframes experiencing eNB-eNB interference. Thus, it may be beneficial to only transmit CSI and HARQ-ACK on PUCCH in static UL subframes. This would obviate the need for enhancements to PUCCH power control. However, based on the agreement on DL-reference configurations it is possible that a UE is scheduled to transmit HARQ-ACK feedback in subframes 3 and 7 if configured with UL/DL configurations 4 and 2 respectively as the DL-reference configuration. It should then be considered whether to enhance PUCCH power control to mitigate eNB-eNB interference in flexible subframes. Some possible solutions include:

1. Consider support of different sets of PUCCH power control parameters for fixed and flexible UL subframes.

2. Leave to eNB implementation

a. Scheduling restrictions may be employed to avoid HARQ-ACK feedback on flexible UL subframes. As a principle such restrictions are not desirable due to increased eNB complexity but for this case we note that scheduling restrictions may anyway be required for interference mitigation if legacy UEs transmit PUCCH in flexible subframes.

b. The eNB can schedule PUSCH transmission in a flexible subframe. Thus, any UCI multiplexed on PUSCH also enjoys the benefit of a higher PUSCH transmit power. 
c. For periodic CSI it is relatively easier to set the periodicity such that CSI reports are only transmitted in fixed UL subframes.
We propose that RAN1 first discuss whether PUCCH is transmitted in flexible subframes.
4. Conclusion

In this contribution we have considered outstanding details of enhanced UL power control for eIMTA. Our recommendations are:
· The indication of which power control loop to apply for a given UL subframe is provided by dynamic signaling.
· Consider signaling the UL power control process for PUSCH transmission in the corresponding UL grant

· Addition of a bit or redefinition of an existing bit in the UL grant is FFS.

· For retransmission of the same HARQ process, the UE applies the same UL power control process, except indicated otherwise by a more recent UL grant.

· A single PSRS_OFFSET, c value is configured for a UE for serving cell c. 
· Consider reusing Extended PHR MAC CE for power headroom reports corresponding to two subframe sets.
· For PUCCH power control, it is necessary to first discuss whether PUCCH is transmitted in flexible subframes. 
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