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1
Introduction
During RAN1#72bis and RAN1#73 meetings, enhanced UL power control for dynamic TDD configuration were extensive discussed, and it could be potential interference mitigation scheme to improve system performance.  
· 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

However there are several issues left to further study, i.e. power control subframe subset, channels need to enhance the UL power control, and so on. In this contribution, we will focus on these issues and give our views. 
2
Power control enhancement on flexible subframes
2.1 Power control subframe sets
UL power control is essential to combat with UL interference to improve the UL SINR, especially for dynamic TDD configuration, which increases the UL interference in the flexible subframe due to the difference of neighbouring cell UL/DL configuration.  As shown in many contributions [1-6], the dual loop power control provides the considerable UL throughput gain, which is based on different power control parameters (P0, Alpha) on flexible subframe and fixed UL subframe.  If multiple subframe sets are considered to enhance UL power control, several aspects need to be further clarified, first is UL power control subframe set is based on fixed/flexible subframe or conflicting/non-conflicting subframe. second, how many subframe sets are required, if all seven UL/DL configurations are allowed to re-configure, only subframe 2 is fixed for UL subframe; and subframe 3, 4, 6 (if enhanced UL power control on SRS is agreed), 7, 8, 9  are flexible subframe, then at most there are seven UL subframe sets. The higher layer signalling to inform UE power control parameters for each set will increase. In case UL subframe sets are based on received interference from neighbouring cells, the interference level shall keep same in the subframe set, this need to know all neighbouring cells UL/DL configuration to identify subframes suffering same interference from neighbouring eNBs, with current agreement on 10ms reconfiguration time scale, this kind of information exchange is challenging via backhaul signalling support; in other way even if eNB could estimate the UL interference accurately,  however the UL subframe set could change frequently with fast reconfiguration, UE need to be informed the updated UL subframe set with RRC signalling or physical layer signalling. The interference fluctuation can not be followed with the longer RRC signalling delay, and the physical layer signalling robustness is challenging. 
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Figure 1: TDD UL/DL configurations
Multiple subframe sets could improve the UL power control accuracy and improve the system performance, the cost is system design complexity increase and the signalling overhead.

Proposal 1: considering the trade-off of system performance, complexity and signalling overhead, two UL power control subframe sets based on fixed and flexible subframe is a better compromise.
2.2 PUSCH/SRS/PUCCH power control enhancement
Based on previous study and simulation results [1-6], it is clear that enhanced UL power control on PUSCH could provide the better throughput performance in UL. The standard impacts include introducing another set of P0 and Alpha for flexible subframe or conflicting subframe, if the TPC commands accumulation is enabled, the accumulation shall be taken in the subframe of the same subframe set to keep the interference in same level. 

For PUCCH UL power control optimization, it is related to the DL HARQ feedback design. If reference configuration is adopted, it could completely avoid the potential misunderstanding between eNB and UE when UL-DL configuration changes, then PUCCH will be only transmitted on the fixed UL subframe.  With PUCCH power control, TPC command shall be accumulated in the downlink association set for the UL subframe, then there are two options for PUCCH power control for dynamic TDD. One is only TPC command in fixed DL subframes in the downlink association set will be accumulated, another is TPC commands in all DL subframes in downlink association set will be accumulated same as treatment with previous release. For first option, we don’t see the benefits with this method, on the contrary this will make the power control get slower and increase the standard efforts. So it is preferred that PUCCH UL power control is exactly same as previous Release. 
For SRS power control, it will be impacted by PUSCH power control setting, such as TPC commands accumulation or not. SRS transmitted in fixed UL subframe or flexible UL subframe is similar as PUSCH transmission, if TPC commands accumulation is enabled, then the accumulation shall be in same sbuframe subset for SRS transmission power adjustment.
Proposal 2: dual loop power control can be applicable to PUSCH and SRS transmission. For enhanced PUCCH power control, if UL reference configuration method is agreed, only one set of power control parameter is enough.
3
Conclusion
In this contribution, we investigate the left issues of enhanced UL power control for dynamic TDD configuration, and have the following proposals,
Proposal 1: considering the trade-off of system performance, complexity and signalling overhead, two UL power control subframe sets based on fixed and flexible subframe is a better compromise.
Proposal 2: dual loop power control can be applicable to PUSCH and SRS transmission. For enhanced PUCCH power control, if UL reference configuration method is agreed, only one set of power control parameter is enough.
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