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1 Introduction
In RAN1#75, uplink power control was discussed in TDD eIMTA, with the following agreements:

· P0 and alpha configuration for the two subframe sets is via RRC signalling

· For power control command step size, no change relative to Rel-11

· FFS PHR related issues till RAN1#76, especially regarding whether current PHR mechanism can have PHR reports for the two subframe sets

· FFS till RAN1#76, including at least the following issues:

· Application of power control commands

· Alt 1: separate power control commands only

· Alt 2: configurable between separate and joint power control commands

· TPC timing issues, if any, for configuration #0

· SRS power control related issues

In this contribution, TPC timing, SRS power control and TPC application issues are further discussed. 
2 Discussion
2.1 TPC timing issues
According to current specification, when UL-DL configuration#0 is used in SIB-1 and if an UL grant is used to schedule two uplink subframes (i.e. multi-TTI scheduling), the TPC command shall be used in both subframes, which may belong to two different subframe sets respectively. In TDD eIMTA, it was agreed that TPC can be separately accumulated in each subframe set, and still FFS whether common TPC accumulation for subframe sets is supported. For separate TPC accumulation, if an UL grant schedules PUSCH in two uplink subframes, then the same TPC values shall be applied to both subframe sets, following the existing UE behavior. If different TPC is desirable for the two subframes, e.g. in order to track the different interference variances in the two subframe sets, two individual UL grants can be used in a subframe to schedule two uplink subframes (referring to higher layer specification [1] “Table 8.2-2, NOTE1: For TDD UL/DL configuration 0, two PDCCHs or EPDCCHs can be received in the same subframe for UL-SCH in two different uplink subframes”). For common TPC accumulation (if agreed), the existing UE behavior can be reused. Therefore we conclude that both separate TPC accumulation and common TPC accumulation (if agreed) for the two uplink subframe sets can be supported with existing mechanisms and no specification work is needed. 
Proposal 1: There is no TPC time issue for TPC accumulation with TDD eIMTA.
2.2 SRS power control
Since the transmission power and/or inter-cell interference can be different for the two uplink subframe sets, it may be required to transmit SRS in both subframe sets to get uplink CQI. The power control parameter set used for each SRS transmission should then be determined and both periodic and aperiodic SRS shall be considered. A simple solution for SRS power control is to use the same power control parameter applied for PUSCH in the same subframe or subframe set.
In order to obtain uplink CQI for two subframe sets, periodic SRS with periodicity of 2ms [2] can be used. With periodic SRS of 2ms periodicity, any combination of two SRS symbols within 5ms can be configured for SRS transmission. With this approach, SRS overhead may increase. Aperiodic SRS can be used to reduce the SRS overhead. For aperiodic SRS, the SRS transmission power can be determined according to the PUSCH transmission power parameters for the same subframe, i.e. the same as existing specification and nothing is to be changed. It shall be noted that aperiodic SRS is a mandatory feature with FGI. 
Proposal 2: The existing specification for SRS power control is reused, i.e. SRS transmission power is determined according to the PUSCH transmission power control parameters for the same subframe.
2.3 TPC application issues
Assuming the two subframe sets for dual loop power control are semi-statically configured in TDD eIMTA, one issue needs to be discussed is the TPC application if the associated subframe is dynamically reconfigured to downlink [3]. It shall be noted that this issue mainly exists for TPC with DCI format 3/3A, since it is reasonable to assume that eNB only schedules PUSCH with an UL grant if the subframe is an uplink subframe.  The existing UE behavior can be simply followed, i.e. the TPC timing for TPC application with DCI format 3/3A follows the uplink scheduling timing and the TPC shall be applied irrespective of the transmission direction of the subframe.
Proposal 3: The TPC timing follows uplink scheduling timing, i.e. the same as existing UE behavior. The TPC shall be applied regardless of its current transmission direction.
It has been agreed that separate TPC accumulation shall be supported if dual loop power control is used. The purpose is to better track the different interference property in the two subframe sets. However the TPC rate for each subframe set is reduced. It would be beneficial to allow a possibility to avoid degrading the TPC rate when the interference difference is not necessary to be handled with TPC. One possible scenario is the macro-pico adjacent channel deployment, where eIMTA is only enabled in pico cells. When good cell coordination can be supported among pico cells, the interference within pico layer can be mitigated. Then the meaning of configuring dual loop power control in pico cells is to overcome the adjacent channel interference from the macro downlink in some subframes. As the macro cell does not change the UL-DL configuration, the interference variance seen by the pico cell across uplink subframes is predictable and can be compensated by the open loop power control parameter setting. Therefore it is not necessary to use separate TPC accumulation with the cost of TPC rate degradation. 
Proposal 4: Common TPC accumulation for the two power control subframe sets shall be supported. Higher layer signaling is used to configure the TPC accumulation approach, i.e. separate accumulation or common accumulation for the two subframe sets.
2.4 Power control for the two subframe sets
It has been agreed as working assumption that the association of power control parameters and uplink subframe sets are configured by RRC signaling. As shown in Figure 1, the uplink performance of semi-static configuration for the association is better than dynamical configuration, especially when the traffic load grows. In this evaluation [4], determination of UL PC parameters are only based on eNB UL interference measurement and no backhaul signaling is assumed. The power control parameter used in a subframe under dynamic configuration method is derived from measurement in the same subframe index of the prior frame and UL transmission power is increased only if the IoT becomes worse than a threshold. Because of the fast UL-DL reconfiguration (10ms) in each pico cell, the power control parameters determined by interference measurement in prior frame may not be valid when it is applied in the current frame. However in case of semi-static manner, the Tx power of UEs scheduled on the flexible subframes are always increased, which can better compensate the strong eNB-eNB interference. This is the reason why dynamic configuration of power control parameter is worse than semi-static configuration. 
In an ideal case where a pico cell knows the accurate transmission directions in each neighbor cells, e.g. with fast to ideal backhaul, dynamic power control may be better than semi-static power control. However, inter-cell interference coordination (e.g. CCIM) schemes are more beneficial since better gains can be obtained compared to uplink power control without requiring UE power increasing [5]. 
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Figure1: UL Pico average packet throughput with different pc scheme

In more practical scenarios where backhaul connection is not available or not fast enough, as the timely UL-DL transmission directions cannot be obtained, semi-static configuration of power control parameters is sufficient and it is not justified to support dynamic configuration with additional DCI bits.
Proposal 5: Confirm the working assumption that association of power control parameters and uplink subframe sets are configured by RRC signaling.
3 Conclusions
In this contribution, several FFS issues for uplink power control are discussed, with the following proposals:
Proposal 1: There is no TPC time issue for TPC accumulation with TDD eIMTA.
Proposal 2: The existing specification for SRS power control is reused, i.e. SRS transmission power is determined according to the PUSCH transmission power control parameters for the same subframe.

Proposal 3: The TPC timing follows uplink scheduling timing, i.e. the same as existing UE behavior. The TPC shall be applied regardless of its current transmission direction.
Proposal 4: Common TPC accumulation for the two power control subframe sets shall be supported. Higher layer signaling is used to configure the TPC accumulation approach, i.e. separate accumulation or common accumulation for the two subframe sets.
Proposal 5: Confirm the working assumption that association of power control parameters and uplink subframe sets are configured by RRC signaling.
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