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1 Introduction

In RAN1 #74 meeting, the following agreements were made [1].
Agreements:
· 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
In this contribution, we discuss further study on open loop power control for TDD eIMTA.

2 Signaling of Po and alpha for different subframe sets

It was agreed that two sets of open-loop power control parameters (Po and alpha) are defined for PUSCH and SRS. The details of how to determine the parameters of each PUSCH and SRS transmission are FFS. There are some potential options to inform two sets of Po and alpha for different subframe sets listed as below.

· Option 1: Both values and relationship between the values and subframes are configured by RRC signaling
In option 1, the values of Po and alpha could be informed by RRC signaling as in Release 8-11. For each set of Po and alpha, an index of subframe set will be attached. These two sets of Po and alpha can be changed independently by RRC reconfiguration. By this means, UE can obtain two sets of open-loop power control parameters (Po and alpha) related to different subframe sets semi-statically.
· Option 2: Values of Po and alpha are configured by RRC signaling and relationship between the values and subframes is configured by physical layer signaling
The same as option 1, the values of two sets of Po and alpha could be informed by RRC signaling as in Release 8-11. But the relationship between the values and the subframe sets is configured by physical layer signaling. Which set of Po and alpha will be used for a single scheduling will be informed to UE by the scheduling grant. If the uplink subframe to be scheduled is a fixed subframe, then the set of Po and alpha related to fixed subframes will be applied, otherwise the other set for flexible subframes will be applied. If TDD UL-DL configuration can be exchanged fast between eNBs and the UE-specific subframe sets can be signaled in dynamic manner, then the relationship between the parameters and subframes would be dynamically changed by this method.
· Option 3: Both values and relationship between the values and subframes are configured by physical layer signaling

In option 3, both the values of Po and alpha and relationship between the values and subframes are configured by physical layer signaling. For each set of Po and alpha, an index of subframe set with 1 bit will be attached. These two sets of Po and alpha can be changed independently by physical layer signaling. By this means, UE can obtain two sets of open-loop power control parameters (Po and alpha) related to different subframe sets dynamically.

For option 1, there is no additional overhead in physical layer aspect. For option 2, only 1 bit is needed to carry by UL grant, and it should be noted that option 2 will be beneficial when subframe sets are dynamically informed and UL-DL configuration is exchanged between eNBs, otherwise the dynamic change of power control parameters cannot accurately adjust the interference from neighboring cells. But for option 3, the overhead to indicate Po and alpha is too large. 
So from the overhead of physical layer point of view, option 1 or option 2 is preferable.

Based on the analysis, we have the proposal that:
Proposal 1:  Values of Po and alpha are configured by RRC signaling, the relationship between the values and subframes can be configured by RRC signaling or physical layer signaling.

3 Power control for SRS
For the power control of SRS, most of the parameters are related to the current PUSCH except the bandwidth and offset. In eIMTA, the parameters used for SRS can also be the same with the one used for PUSCH. But if there is no PUSCH in the same subframe, it is unknown which PUSCH should be related to the power control of SRS.

The parameters used for the power control of SRS related to PUSCH include Po_PUSCH, alpha and f(i). If there is no PUSCH in the same subframe, Po and alpha that are assigned to the same subframe set as the subframe in which SRS locates can be applied to calculate the transmit power of SRS, since UE can get both sets of Po and alpha as discussed in section 2. For the closed loop power control, the accumulation f(i) of the current PUSCH is directly applied for SRS. Thus which f(i) should be used if there is no PUSCH in the same subframe with SRS is a problem that should be specified. There are two options for this issue. 

· Option 1: Refer to the latest PUSCH regardless of subframe sets

One way is to reuse the legacy mechanism in Release 8-11 without any modification that the accumulation of the latest PUSCH should be applied to SRS regardless of whether it is from the same subframe set with SRS or not. The formula for SRS transmit power calculation doesn’t need to be modified with any change. For option 1, there is no additional standardization effort.
· Option 2: Refer to the latest PUSCH in the same subframe set

Another method is to refer the accumulation of the latest PUSCH in the same subframe set with SRS. Since the open-loop power control and closed loop accumulation are separate for different subframe sets, it may be quite different for the accumulation of different PUSCH from different subframe sets. Therefore it is better to refer to the PUSCH in the same subframe set for the transmit power of SRS to compensate the larger interference fluctuation.
Based on the analysis, we have the proposal that:
Proposal 2:  For SRS power control, the parameters of the latest PUSCH in the same subframe sets are referred to if there is no PUSCH grant in a subframe.

4 Power control for PUCCH
In the last RAN1 meeting, it was agreed that UL-DL configuration 2, 4 and 5 can be used as downlink HARQ reference configuration, which means three uplink subframes #2, #3 and #7 may be used to carry ACK/NACK. They will be divided into different uplink subframe sets since it is possible that cross-link subframe interference exists in subframes #3 and/or subframe #7. If PUCCH can be located on flexible subframes, whether it is needed to configure two sets of Po_PUCCH and separate closed loop power control also for PUCCH should be considered. Then there are two options for the power control of PUCCH: one set of power control or two sets of power control.

· Option 1: One set of power control for PUCCH

Option 1 is to use one set of power control for PUCCH in both fixed subframes and flexible subframes. It is the same with the legacy power control mechanism for PUCCH. There is no standard effort and impact. For PUCCH located on fixed subframes, the legacy open loop power control parameters and closed loop power control are sufficient. But when PUCCH is located on flexible subframes, the interference is quite different. The performance would degrade to still use the legacy power control mechanism as in fixed subframes. Thus two sets of power control should be considered for PUCCH located on different subframe sets.

· Option 2: Two sets of power control for PUCCH

Option 2 is to apply two sets of power control for PUCCH between fixed subframes and flexible subframes. The legacy open loop power control parameters (Po_PUCCH) and closed loop power control is used for fixed subframes. A new set of open loop power control parameters (Po_PUCCH) and separate closed loop power control is used for flexible subframes. Option 2 can perform well to compensate for the larger interference fluctuation for PUCCH on flexible subframes.
Based on the analysis, we have the proposal that:
Proposal 3:  Two sets of open loop power control parameters (Po_PUCCH) and separate closed loop power control are needed for PUCCH when PUCCH can be located on flexible subframes.
5 Conclusion

In this contribution, we discuss the power control related issues for TDD eIMTA. Some possible mechanisms and power control parameters are provided based on the type of a subframe and/or type of interference for a subframe.
Based on the above discussion, we have the following proposal and observations:

Proposal 1:  Values of Po and alpha are configured by RRC signaling, the relationship between the values and subframes can be configured by RRC signaling or physical layer signaling.

Proposal 2:  For SRS power control, the parameters of the latest PUSCH in the same subframe sets are referred to if there is no PUSCH grant in a subframe.

Proposal 3:  Two sets of open loop power control parameters (Po_PUCCH) and separate closed loop power control are needed for PUCCH when PUCCH can be located on flexible subframes.
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