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1 Introduction
As part of the TDD eIMTA work item, RAN1 has agreed to support dynamically changing the TDD UL/DL configuration in a TDD cell and is currently addressing the means to do this as well as the impacts of the dynamic change.  One of the impacts is interference from neighboring cells with different UL/DL configurations.  

As a result, RAN1 has agreed to introduce subframe dependent power control which will enable controlling power separately for subframes which may have different interference characteristics than others.  The agreement allows for the separate control of power for two sets of subframes.

In RAN1 #74, the following was agreed [1]:

· 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
In RAN2 # 83b, the topic of power headroom for both subframe sets was introduced with varying opinions on need, how, and when to report the headrooms. 
In this contribution, we provide our opinion on the impact of the two subframe sets on PHR including trigger, reporting, and PH values. 
2 Discussion

2.1 Power Headroom Triggering

We first consider the existing triggers for power headroom reporting .

Pathloss trigger: 

PHR is triggered when the change in pathloss (for an activated serving cell used as a pathloss reference) since the last transmission of a PHR exceeds a threshold.  
Pathloss is a function of the propagation characteristics between the UE and eNB (e.g., fading, shadowing, etc..), not inter-cell interference, so pathloss is independent of the subframe set. The existence of subframe sets, therefore, should have no impact on this trigger.
P-MPR trigger: 

PHR is triggered in a subframe when the P-MPR change for an activated serving cell with configured UL since the last transmission of a real PHR for that serving cell exceeds a threshold when the UE has a real transmission on the serving cell in the subframe.  

P-MPR is a function of the non-3GPP transmissions (combined with the 3GPP transmission) and the proximity of the UE to the human body at the time (i.e., for the subframe) in which the conditions are evaluated.  P-MPR would, therefore, be the same regardless of the subframe set to which the subframe belongs. The existence of subframe sets, therefore, should have no impact on this trigger
PHR Periodic Timer trigger: 

PHR is triggered periodically based on the schedule configured by the eNB.  There is no need for separate schedules for the subframe sets, so the existence of subframe sets should have no impact on this trigger.
Scell activation trigger: 

PHR is triggered upon activation of an SCell with configured uplink.  Scell activation has nothing to do with subframe sets, so the existence of subframe sets should have no impact on this trigger.
Configuration/reconfiguration trigger:
PHR is triggered upon configuration or reconfiguration of the power headroom reporting functionality by upper layers, which is not used to disable the function.  This has nothing to do with subframe sets. The existence of subframe sets, therefore, should have no impact on this trigger
The causes of all the existing triggers are independent of the subframe sets.  The existing triggers are sufficient as is and modification or duplication for each subframe set would add unnecessary complexity.
Proposal 1: The existing triggers are sufficient as-is.  There is no need to modify the existing triggers or duplicate the existing triggers for each of the subframe sets. 
It has been proposed in [3] that PHR should be triggered upon configuration or reconfiguration of the TDD eIMTA functionality.  First recognizing that the specific aspect of eIMTA configuration/reconfiguration which may warrant a new trigger is the configuration/reconfiguration of the subframe sets since that is the only aspect which may result in different PHR information, we agree there may be merit in considering such a trigger.  RAN1, however, has not yet completed their discussions on how and when the subframe sets will be configured and changed, so such consideration should wait until those decisions have been made.
Proposal 2: RAN2 to consider if a new trigger for subframe set configuration and/or reconfiguration is needed after RAN1 completes the related design.

2.2 Power Headroom Calculation
Based on the RAN1 agreements, potential UL subframes will belong to one of two sets and for each set there will be separate open loop power control parameters (Po and alpha) and a separate TPC accumulation.  When determining the PUSCH power for transmission in subframe i, the parameters and TPC accumulation corresponding to the set that subframe i belongs to will be used.

When a power headroom report is sent, the power headroom reported for a serving cell is, in principle, the delta between the maximum power (PCMAX,c) for that subframe and the calculated power for that subframe before any reduction due to exceeding maximum power is applied.

For the case of subframe sets with independent power control, following the same principles, power headroom reported in subframe i should correspond to the power headroom calculated based on the parameters and TPC accumulation of the set subframe i belongs to, which would be one of the two sets.  Since the power headroom for the two sets would be different, this may not be sufficient information for proper scheduling decisions for the subframes of the other set.

To better understand the difference between the power headrooms for the two sets, consider the Type 1 power headroom equation in 36.213 [2]: 
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is the maximum power for serving cell c in subframe i [5].  It is a function of the UE power class, signalled P-max for serving cell c, and allowed power reductions (MPRc, A-MPRc, TCc, TIBc, P-MPRc) which are a function of the PUSCH allocation and SAR requirements (for simultaneous multiple RAT transmissions outside the 3GPP RAN scope and human body proximity) in subframe i and the power amplifier design.  This value is the same regardless of the subframe set to which subframe i belongs.  
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is a function of the PUSCH allocation for serving cell c in subframe i.  This value is the same regardless of the subframe set to which subframe i belongs.
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is the pathloss measured by the UE for serving cell c which is independent of the subframe sets (see section 2.1) and is not known by the eNB. Therefore, 
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is an offset dependent on the contents of the PUSCH transmission on serving cell c in subframe i. This value is the same regardless of the subframe set to which subframe i belongs.  
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From this discussion, we can make several observations.
Observation 1: Power headroom values can be calculated in subframe i for serving cell c for both subframe sets.
Observation 2: The difference between the power headroom values in a given subframe i for the two subframe sets which is unknown to the eNB is:
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 is the same for both subframe sets.
2.3 Power Headroom Reporting

The purpose of providing headroom reports is to provide the scheduler with accurate up-to-date information to be able to make better scheduling decisions.  Since the headrooms for the two subframe sets are different, providing both headrooms will provide the best information to the scheduler.

Proposal 3: PHR should be provided for both subframe sets. 
Using the existing PHR logic, when a trigger occurs, the PHR is sent in the subframe of the trigger or as soon as possible thereafter to ensure the report corresponds to the condition that caused the trigger (e.g., large pathloss change or P-MPR change). When reporting PH for multiple serving cells, we report the PH for all activated serving cells with configured UL in the same TTI to keep the logic simple and keep the the number of reports at a minimum.  For the case of two subframe sets, we see no reason to modify this logic.

From section 2.1, a single trigger of each type is needed since the triggers are independent of the subframe sets.  From section 2.2, power headroom can be calculated in each subframe for both subframe sets.  The best approach is, therefore, to trigger once for each trigger type, send PHR based on the existing R11 logic (i.e., in the subframe of the trigger or as soon as possible thereafter), and send both PH values in the same TTI.  This keeps the logic simple, minimizes the number of reports, ensures the report corresponds to the condition that caused the trigger, and enables the eNB to correlate the PH values for the two subframe sets since they will be based on the exact same conditions.

Proposal 4: Use existing logic for when to send PHR and send PH values for both subframe sets in the same TTI . 
It has been suggested in a proposal in [4] to send real PH for the subframe set to which the subframe in which the PHR is sent belongs and virtual PH for the other subframe set.  We we believe this adds unnecessary complexity and possible confusion.  In a given subframe, an UL grant is for the serving cell, not for the subframe set and, as shown in section 2.1, real PH can be calculated for both subframe sets. In a subframe with a grant for a serving cell, the PHR will be sent with the V flag set to real for that serving cell.  PH values for that serving cell should, therefore be real.  For the case where there is no grant and the V flag is set to virtual, the corresponding PH values should both be virtual.
Proposal 5: When sending the PH values for two subframe sets for a serving cell, both should be real or both should be virtual as indicated by the V flag.
Support of two subframe sets has been agreed in RAN1 for PUSCH power.  RAN1 has not yet decided if multiple subframe sets will be supported for PUCCH.  RAN2 should wait until that decision has been made to address Type 2 PH for subframe sets.
Proposal 6: RAN2 should wait until the need for subframe dependent power control for PUCCH is addressed in RAN1 before addressing Type 2 PH for subframe sets.

3 Conclusion
In this contribution power headroom triggering and reporting have been reviewed relative to subframe dependent power control for eIMTA. As a result the following is proposed:
Proposal 1: The existing triggers are sufficient as-is.  There is no need to modify the existing triggers or duplicate the existing triggers for each of the subframe sets. 

Proposal 2: RAN2 to consider if a new trigger for subframe set configuration and/or reconfiguration is needed after RAN1 completes the related design.

Proposal 3: PHR should be provided for both subframe sets. 
Proposal 4: Use existing logic for when to send PHR and send PH values for both subframe sets in the same TTI .
Proposal 5: When sending the PH values for two subframe sets for a serving cell, both should be real or both should be virtual as indicated by the V flag.
Proposal 6: RAN2 should wait until the need for subframe dependent power control for PUCCH is addressed in RAN1 before addressing Type 2 PH for subframe sets.
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