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1
Introduction
During RAN1#74 meetings, enhanced UL power control for TDD eIMTA was extensively discussed and the agreement was reached as below [1].  
Agreement:

· In UL, 
· 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
As shown in above, several remaining issues need to be further discussed, i.e., subframe set indication and the configuration of the UL power control parameter set as well as the impact on TPC step. In this contribution, we will focus on these issues and present our views. 
2
Subframe type and indication
It is agreed that up to two subframe sets will be signaled per serving cell in a UE-specifically manner and a potential UL subframe will belong to one of the above mentioned sets. However, how to divide the two UL subframe sets and how to indicate which subframe set a potential UL subframe belongs to are FFS.

Alternative 1: non-conflicting subframes and conflicting subframes

UL subframes can be divided into non-conflicting subframes and conflicting subframes based on the TDD UL/DL configurations of neighboring cells [2]. As shown in Figure 1, assuming Cell 1 is configured with TDD UL/DL configuration 2 and Cell 2 is configured with TDD UL/DL configuration 1, the subframes 3 and 8 in Cell 2 are conflicting subframes where UL-DL interference will happen while the subframes 2 and 7 are non-conflicting subframes where UL-DL interference will not happen. Based on this observation, two UL power control parameter sets (Po, α) can be defined for non-conflicting subframes and conflicting subframes, respectively. A power offset between non-conflicting and conflicting UL subframe can be configured by setting different Po and/or α values.
In RAN1#74 meeting, it was agreed that the intended TDD UL/DL configuration will be exchanged over backhaul. Therefore, eNB shall know the neighboring cell’s intended TDD UL/DL configuration and derive the UL subframe type, i.e., one potential UL subframe is non-conflicting or not. In that sense, the two UL subframe sets are dynamically updated according to the variation of the intended TDD UL/DL configurations of neighboring cells. Correspondingly, in order for UE to derive the needed UL transmission power according to the UL subframe type, the UL subframe type needs to be dynamically indicated. However, this approach may have an impact on the DCI format 0/4 if one bit in UL grant is reused to indicate the subframe type. Furthermore, this approach is dependent on the intended TDD UL/DL configuration exchange via backhaul and may not adapt to dynamic UL/DL reconfiguration based on 10ms time scale.
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Figure 1: UL subframe types (non-conflicting subframes and conflicting subframes)

Alternative 2: fixed subframes and flexible subframes

UL subframes can be simply divided into fixed subframes and flexible subframes based on the seven existing TDD UL/DL configurations [2]. One example is shown in Figure 2, if all seven TDD UL/DL configurations are selected for reconfiguration, then only subframe 2 is fixed UL subframe while the subframes 3, 4, 7, 8, 9 can be seen as flexible UL subframes when those are used for UL transmission. If only TDD UL/DL configuration {0, 1, 2, 6} are selected for reconfiguration, then both of the subframes 2 and 7 are fixed UL subframes while the subframes 3, 4, 8 and 9 can be seen as flexible UL subframes when those are used for UL transmission. Two UL power control parameter sets (Po, α) can be defined for fixed subframes and flexible subframes, respectively. As with the Alternative 1, the power offset between fixed and flexible UL subframe can be configured by these two UL power control parameter sets. 
Regarding the subframe type indication, since UE always knows the subframe type of one potential UL subframe, it is not necessary to exchange TDD UL/DL configurations between neighboring cells in order to know the subframe type. Furthermore, with this approach, one does not need to indicate the subframe type to UE. 
Regarding the closed-loop UL transmit power adjustment, current TPC commands in UL grant can be used to accumulate the UL power adjustments over a set of subframes with the same subframe type as in Rel-8. So legacy TPC accumulation and step can be reused. 
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Figure 2: UL subframe types (fixed subframes and flexible subframes)
Proposal 1: UL subframes are divided into two subframe sets with one set for fixed UL subframes and another set for flexible UL subframes. 
Proposal 2: It is not necessary to introduce new signalling to indicate UL subframe sets.
Proposal 3: Legacy TPC step is reused and neither new TPC step(s) nor extra TPC bit(s) is introduced.
3          Configuration of UL power control parameter set 
It has been agreed that up to two sets of uplink open-loop power control parameter (Po, α) are defined and applicable to both PUSCH and SRS channels. The first set of parameters (Po, α) can be configured for fixed UL subframes, and a second set of parameters (Po, α)* can be configured for flexible UL subframes to boost UL transmit power. A power offset between fixed and flexible UL subframes can be configured by setting different Po and/or α values. 

Considering there are only two UL power control parameter sets separately defined for fixed UL subframes and flexible UL subframes, it is better to simply apply RRC signalling to configure the parameter sets as in Rel-8 with flexible TDD subframe configuration. 

Proposal 4: Using RRC signalling to configure the two UL power control parameter sets (Po, α) for PUSCH and SRS transmission.
4          Conclusion
In this contribution, we investigate the remaining details of enhanced UL power control for TDD eIMTA and have the following proposals:
Proposal 1: UL subframes are divided into two subframe sets with one set for fixed UL subframes and another set for flexible UL subframes. 

Proposal 2: It is not necessary to introduce new signalling to indicate UL subframe sets.

Proposal 3: Legacy TPC step is reused and neither new TPC step(s) nor extra TPC bit(s) is introduced.
Proposal 4: Using RRC signalling to configure the two UL power control parameter sets (Po, α) for PUSCH and SRS transmission.
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