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1
Introduction
In RAN1#75 meeting, the following agreements were reached for improving the performance of UL power control. 
Agreements:

· 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

One of the open issues is the PHR operation for the enhanced power control with two subframe sets. In this contribution, the power headroom reporting with two subframe sets is discussed. 
2
Power headroom report with two subframe sets
According to the RAN1#75 meeting agreement, two sets of open-loop power control parameters (P0 and alpha) can be configured to two subframe sets. Interference can vary between different subframe sets, and this can be taken into account in UE transmission power settings between subframe sets and sometimes the Tx power difference between subframe sets can be large. The Power Headroom reporting procedure is used to provide the eNB with information about the difference between the configured UE maximum transmit power and the estimated actual power for uplink transmission in a given subframe. Based on current PHR mechnism, after PHR is triggered, if UL grant is received by UE, one set of power headroom report will be sent. So firstly, it needs to be clarified whether UE needs to send two PH reports for the two subframe sets.

According to [1], power headroom report type1 is calcuated as,
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are used to determine headroom report of subframe i. If two subframe subsets are signalled to UE, the PH difference between two subframe sets is decided by these parameters. If eNB intends to derive the PH of another subframe set, these parameters in another subframe set need to be accurately estimated, PUSCH PRBs can be assumed same for both sets, P0 and alpha are configured by higher layer. However, as pointed out in [2], eNB does not know the pathloss and accumulated TPC (if enabled) value, hence it is difficult to eNB to derive PH value in one subframe set from PH value in another subframe set. 
On the other hand, as shown in [4-7], only small percentage of UEs will reach maximum transmission power if enhanced power control is applied to flexible subframe set. For fixed UL subframe set almost no UE will reach the maximum transmission power. So it seems not necessary to introduce two PHR reports for eIMTA, and current PHR mechanism could simply be kept unchanged, and one PHR will apply to the subframes of reported subframe set. In other word, the eNB only need to obtain the PHR report in flexible subframe set. But current PHR triggering mechanism can not guarantee PHR in a specific subframe set to be reported, and some cell edge UEs could suffer the performance loss if they already reached the maximum transmission power and eNB does not have updated power headroom information available for this subframe set. In addition, only 24dBm maximum eNB transmission power is considered in the eIMTA study, in case of small cell with 30dBm transmission power is deployed in network for large coverage, then more UEs could suffer power limitation, one PHR report for both subframe sets is challenging.
Another important use case of PHR is for uplink transmission power allocation among carriers in CA. As agreed in previous meeting, the eIMTA feature will operate together with CA. In this case, eNB need to estimate the possible resources allocation to each carrier in each subframe which depends on PH report from UE. Even if the UE transmission power is far from reaching the maximum transmission power, if only one PHR for eIMTA carrier is reported, eNB scheduler can not correctly estimate the available transmission power for each carrier, because the UE transmission power difference between two subframe sets is large [4-7] and the eNB can not get the power headroom of another subframe set promptly. Without enough power headroom information of both suframe sets for eNB scheduler, the performance of CA will be degraded with only one PHR report in eIMTA carrier. 

Obsevation 1: individual PH is required for each subframe set.

The second issue is how to report two PHs corresponding to two subframe sets, i.e. PH1 and PH2? If PHR is triggered, and UE gets the UL grant in one of the subframes of certain subframe set, then UE send the PHR in the allocated UL resource using parameters of that subframe set. After that the PHR timers restart, PHR in another subframe set is depending on eNB UL scheduling decision. Due to the fact that UL subframes in two subframe sets are not uniformly distributed, one subframe set could have less chances to transmit the PHR. Besides, the eNB is not aware of whether/when PHR is triggered due to pathloss change, it is difficult for the eNB scheduler to ensure getting PH for both subframe set.

Observation 2: Relying on eNB scheduler to get PH for both subframe sets is difficult with existing PHR trigger and reporting mechanism. 

Similar issue was discussed in the context of carrier aggregation in Rel-10 when it is possible that the UE only has UL grant for one carrier but not the others when the PHR is triggered and reported. Per carrier PHR trigger/report vs. per UE trigger/report was discussed and the final agreement was to have per UE trigger/report and introduce virtual PHR for the carriers without UL grant when the PHR is reported to ensure the eNB has enough information for further scheduling.

The situation is now similar for two subframe sets because the UE can only have UL grant for one subframe set at a time. It should be possible to send PHs of the two subframe sets in one report. E.g. Real PH is calculated for the subframe set with UL grant and virtual PH is calculated for the subframe set without UL grant which is similar to virtual PH for carrier aggregation  
If simultaneous PUSCH and PUCCH transmission is not configured, UE transmits PUSCH without PUCCH in subframe i of subframe set 1, the real PH for subframe set 1 is calculated with the real resource allocation (PH type1): 
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Where k=1 links to the subframe set 1
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 reflects the accumulated power control in the same subframe set until subframe i.

While PH for subframe i of subframe set 2 is calculated as follows similar to virtual PH for carrier aggregation (PH type 1, no PUSCH): 
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Where k=2 links to subframe set 2.
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 reflects the accumulated power control in the subframe set 2 until subframe i.
Virtual PHR was considered to be useful for the eNB scheduler for carrier aggregation. Same logic should be applicable here as well. The extended PHR MAC CE could be extended with multiple entries for two subframe sets for a carrier [3]. In this way, PHR mechanism for CA can be reused to eIMTA with two subframe sets with least impact to the specification and implementation. 
Proposal: Reuse CA PHR mechanism for dual subframe sets PH report.
4
Conclusion
With the agreement of two set of UL power control parameters, PHR report in flexible TDD configuration is discussed in this contribution. We have following observation and proposal,
Obsevation 1: Individual PH is required for each subframe set.
Observation 2: Relying on eNB scheduler to get PH for both subframe sets is difficult with existing PHR trigger and reporting mechanism.
Proposal: Reuse CA PHR mechanism for dual subframe sets PH report.
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