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1. Introduction
For UL power control for TDD eIMTA, the following agreements were reached in RAN1 #75 as below:
· 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
Based on the above agreement, in this contribution we further discuss the FFS issues for uplink power control in TDD eIMTA.
2. Configurable TPC Accumulation
With dynamic TDD reconfiguration, it is generally accepted that interference experienced by fixed and flexible UL subframes have different characteristics, e.g. potential eNB-to-eNB interference in flexible subframes while only UE-to-eNB interference in fixed subframes. Such difference in interference scenarios motivates to introduce separate accumulation of TPC command for the fixed and flexible subframe set. However, the interference difference is typically semi-static as the dominant interfering cell is in general determinative, e.g. cell not in the same cluster, and this interference difference can be captured by the setting of open loop UL power control parameters of two subframe sets. Therefore, a fundamental reason for introducing separate accumulation of TPC command is unclear. In [2] some concerns regarding separate accumulation of TPC commands were raised, including limitation of power control rate and accuracy. Therefore, it is preferable to have a joint accumulation in practical eIMTA operation.  
Proposal 1: Configuration of whether or not the TPC commands are separately or jointly accumulated for the two subframe sets for UL power control shall be enabled.
3. PHR Operation
In LTE, power headroom report (PHR) is reported by the UE to the eNB about the difference between the nominal UE maximum transmission power and estimated power for PUSCH/PUCCH transmission. Since subframe set dependent power control is introduced in eIMTA, the power headroom for the two subframe sets may be different. In our view, the existing PHR mechanism has some drawback but is sufficient. The UE would always report PHR for the current subframe, which can be fixed or flexible. When eNB receives one PHR of one subframe set it can derive the PHR of another subframe set by measuring the received signal power difference between two subframe set. The measurement can be performed by scheduling two SRS transmission in two different subframe set, such as SF1 and SF6, with different power control parameters. The received signal power difference after channel estimation will indicate the difference of two PHRs.  It is possible that the measurement is not very accurate due to the residual noise of channel estimation, but the same estimation error anyhow already limits the power control accuracy. Note also that since eIMTA is associated with small cells, power limitation at UE is somewhat less likely to happen. Thus, the impact of inaccurate PHR on UL throughput performance is expected to be marginal. 
Proposal 2: The existing PHR mechanism is sufficient for TDD eIMTA to support subframe set dependent power control.

4. Power control for SRS
In LTE the SRS power control uses the same parameters as PUSCH in the same subframe except for the additional offset parameter PSRS_Offset. When two sets of UL PC parameters are defined for PUSCH, the question is how to apply two sets of UL power control parameters to SRS transmission. One straightforward solution is to use the parameter set that is used by PUSCH transmissions in the same subframe. Therefore, SRS transmission with two sets of power control parameters can be supported.
If SRS period is larger than 5ms, the periodic SRS transmission will be scheduled in the fixed UL subframes of the same set in most cases, eNB cannot obtain the channel information of another set and link adaptation for PUSCH in flexible subframes is not possible by using SRS transmission. To solve this issue, a method to decouple SRS’s power control parameters and its transmission subframe was proposed in [3] and [4]. However, this method may require extra standards efforts, such as signaling for SRS power control parameter set indicator. Without spec change, the following two options can be considered.
·  Option 1: A short period, e.g. 2 or 5ms to be configured for SRS. 
For 5ms periodicity, SRS can be scheduled in subframe 1 and 6. The two subframes SF1 and SF6 shall be linked to two different UL power control subframe sets. Note that PUSCH cannot be transmitted in either SF1 or SF6 since there are only UpPTS in these two subframes. The association of SF1 and SF6 to the two UL subframe sets is only for SRS power control purpose. If SRS period is 2ms then SRS can be scheduled in both fixed and flexible UL subframes of two subframe sets. But the drawback is the increase of SRS overhead and UE power consumption. 
· Option 2: Aperiodic SRS in flexible UL subframes
If UE supports aperiodic SRS transmission, eNB can configure aperiodic SRS in flexible UL subframes to address the periodic SRS issue. This scheme is very flexible since eNB can control SRS transmission in flexible UL subframes for a better link adaptation operation but at the same time UE power consumption is minimized. 
Observation 1: The problem of link adaption for PUSCH in the flexible UL subframe due to the limitation of periodic SRS in fixed UL subframe can be solved without SRS power control enhancement.
Proposal 3: For SRS power control, the parameters of PUSCH in the same subframe set shall be used.

5. TPC timing for configuration 0
For TDD UL-DL configuration 0, one TPC command can be related to two UL subframes. If the two UL subframes belong to the different subframe set there is ambiguity on how to apply the TPC command when separate accumulation of TPC command is configured by higher layer signaling. 
For TPC command carried by DCI format 0/4, the subframe that TPC in intended to be used is determined by UL index. To avoid any misunderstanding, eNB can schedule two PDCCHs in the same subframe for UL-SCH in two different uplink subframes belonging to different subframe set. However, for DCI format 3/3A the problem of one TPC command related to two uplink subframes of different subframe set cannot be solved without specification change. 
According to the specification, the UE will attempt to decode DCI format 0/4 and DCI format 3/3A in every non-DRX subframe and if DCI format 0/4 and DCI format 3/3A are both detected in the same subframe, then the UE shall determine TPC command timing based on DCI format 0/4. Therefore, eNB can schedule one PDCCH for UL-SCH in case TPC command carried by DCI format 3/3A is not targeted to two uplink subframes of different subframe sets. The only disadvantage of this scheme is PDCCH overhead; but considering the deployment scenario of eIMTA is small cell the control channel overhead shall not be a problem. Alternatively, when TDD UL-DL configuration 0 is configured as UL reference configuration, the DCI format 3/3A based group power control may not be used for a UE configured with TDD eIMTA.
Observation 2: For configuration 0, the issue of one TPC command related to two uplink subframes of different subframe set can be solved via eNB’s implementation.
Proposal 4: For configuration 0, if UE receives one TPC command related to two uplink subframes of different subframe sets the existing mechanism shall be reused so that UE will apply it to both subframes.

6. Power control for Initial PUSCH
When two sets of uplink power control are configured, the eIMTA-enabled UE will determine transmission power for the given uplink subframe based on the associated subframe set. According to the agreed working assumption in RAN1#75, the power control parameters of two sets are configured by RRC signaling. Therefore, for the PUSCH initiated by the random access response grant the subframe set dependent uplink power control cannot be directly applied since UE may not receive the configuration of two sets of power control parameters. If RACH Msg3 is scheduled in an uplink subframe with strong eNB-to-eNB interference it is possible that it cannot be correctly received. It is possible to restrict Msg3 transmission only in the fixed UL subframe with no eNB-to-eNB interference; however, the scheduling restriction will limit the flexibility since there is strict timing relationship between the RAR and the initial PUSCH. 
The handling of initial PUSCH transmission can be different dependent on whether it is contention based or contention-free RACH. For contention-based RACH, eNB cannot distinguish the preambles from legacy and eIMTA UEs. Hence, RACH Msg3 should be scheduled in fixed uplink subframes with no eNB-to-eNB interference and the non-subframe-set dependent uplink power control shall be used. For contention-free RACH, it is possible to allow Msg3 transmission for eIMTA UE in an uplink subframe with eNB-to-eNB interference. Then the eIMTA UE can do better power management by using the subframe-set dependent power control if it is configured with two sets of uplink power control parameters.
Proposal 5: For contention-based RACH, there shall be no subframe set dependent power control for the PUSCH initiated by the random access response grant for the eIMTA UE. 
Proposal 6: For contention-free RACH, the eIMTA UE can apply the subframe set dependent power control for the initial PUSCH transmission if two sets of uplink power control are configured.

7. Conclusions
In this contribution, we discuss the uplink power control related issues for TDD eIMTA. Based on the discussion, we have the following proposals and observations.
Observation 1: The problem of link adaption for PUSCH in the flexible UL subframe due to the limitation of periodic SRS in fixed UL subframe can be solved without SRS power control enhancement.
Observation 2: For configuration 0, the issue of one TPC command related to two uplink subframes of different subframe set can be solved via eNB’s implementation.
Proposal 1: Configuration of whether or not the TPC commands are separately or jointly accumulated for the two subframe sets for UL power control shall be enabled.
Proposal 2: The existing PHR mechanism is sufficient for TDD eIMTA to support subframe set dependent power control.
[bookmark: _GoBack]Proposal 3: For SRS power control, the parameters of PUSCH in the same subframe set shall be used.
Proposal 4: For configuration 0, if UE receives one TPC command related to two uplink subframes of different subframe sets the existing mechanism shall be reused so that UE will apply it to both subframes.
Proposal 5: For contention-based RACH, there shall be no subframe set dependent power control for the PUSCH initiated by the random access response grant for the eIMTA UE. 
Proposal 6: For contention-free RACH, the eIMTA UE can apply the subframe set dependent power control for the initial PUSCH transmission if two sets of uplink power control are configured.
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