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1 Introduction
In RAN1#73 meeting, it was agreed [1] that
· 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 prospoal

· FFS if additional (more than two) subframe sets are needed
In this contribution, two potential issues in UL power control are discussed. The first one is concerned with whether the current closed-loop power control mechanism can catch up with the abrupt interference level change between two subframe sets, and the second one is regarding the time delay between the power control command and UE transmit power adjustment. 
2 Discussion
The physical meaning of PO_PUSCH,c(j) and PO_PUCCH power control formulas represents the required receive PUSCH and PUCCH power per resource block conditioned on a certain level of the interference-plus-noise, respectively. Since the interference level keeps changing, the closed-loop TPC command is issued by the network to adjust the UE transmit power to compensate for the interference level variation. For different subframe sets, the average interference levels may be quite different. Therefore, the closed-loop TPC command may not be able to catch up with the interference level variations.

To solve the problem that the closed-loop TPC command cannot act fastly enough to attain the same progress as the interfrence level changes, it was agreed in RAN1#73 that open-loop power control parameters including PO_PUSCH,c(j), and/or PO_PUCCH and c(j) are configured separately for each subframe set [1]. 

However, configuring PO_PUSCH,c(j), and/or PO_PUCCH with different values for subframe sets can only offset the difference of the average interference levels. Considering the instantaneous interference level and/or the variation of average interference levels, separate open-loop power control parameters may not be enough. Consider two subframe sets, called subframe sets 1 and 2. Denote the interference levels of the two subframe sets during a time period as 
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 and , where i is the subframe index, and I1 and I2 denote the set of subframes belonging to subframe sets 1 and 2 during the period of time, respectively. We further define 
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where A is equal to the open-loop power control parameter PO_PUSCH,c(j) (or PO_PUCCH) of subframe set 2 subtracted by that of subframe set 1 for PUSCH (or PUCCH). If 
[image: image4.wmf]}

:

)

(

{

2

1

I

I

i

i

H

È

Î

 cannot be suitably compensated for by the closed-loop PUSCH TPC commands 
[image: image5.wmf]}

:

)

(

{

2

1

I

I

i

i

f

c

È

Î

 due to the abrupt change of H(i) when switching from one subframe set to the other, then the variation of interference levels along subframes 
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 cannot be tracked by the closed-loop TPC commands issued for subframes 
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, and the received PUSCH quality deteriorates. When TPC commands are accumulated separately for subframe sets, it is equivalent to using 
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 to track the interference level of each subframe set separately, instead of one 
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for all subframe sets.  
Observation: Accumulating TPC commands separately for subframe sets tends to have higher robustness to compensate for the high interference level variation between subframe sets.
According to TS 36.213, if TPC accumulation is enabled, the closed-loop TPC commands are accumulated as 
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for PUSCH and PUCCH, respectively. The values of KPUSCH, km, and M are dependent on the TDD UL-DL configuration of the cell. In eIMTA, the TDD UL-DL configuration may change frequently, and ambiguity of the values of the three parameters may occur. For example, for an UL subframe i based on the new UL-DL configuration, subframe i－KPUSCH may not be a DL subframe according to the old TDD UL-DL configuration. We have the following proposal. 
Proposal: In eIMTA, the values of parameters KPUSCH, km, and M are determined by setting the TDD UL-DL configuration as the UL HARQ reference configuration.
3 Conclusion 
In this contribution, we discussed two potential issues of UL power control in eIMTA. The first one is regarding whether the abrupt interference level change between subframe sets can be compensated by the current closed-loop TPC command. The second issue is the time delay between the transmit power adjustment and power control command. We had the following observation and proposal:
Observation: Accumulating TPC commands separately for subframe sets tends to have higher robustness to compensate for the high interference level variation between subframe sets.
Proposal: In eIMTA, the values of parameters KPUSCH, km, and M are determined by setting the TDD UL-DL configuration as the UL HARQ reference configuration.
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