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1. Introduction

The number or composition of power headroom reports was discussed at RAN1 #59bis meeting with the following agreement:

PHR

· Per CC 

· FFS whether or not PHR is per channel (i.e. PUSCH / PUCCH) within each per-CC PHR

This contribution discusses the outstanding issue of separate power headroom report (PHR) per channel or a composite PHR, which accounts for both PUSCH and PUCCH in the case of concurrent PUSCH/PUCCH transmission. 
2. Discussion
The Rel-8/9 PHR is used by the eNB for scheduling and link adaptation. As such, the PHR was defined for PUSCH transmission and it was triggered by one or more events, which are described in [1]. In the case of concurrent PUSCH/PUCCH transmission in Rel-10 the transmit power margin should take into account the output of the PUSCH and PUCCH power control loops. Let 
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be the UE-specific UL CC that is semi-statically configured for PUCCH transmissions a CA scenario. The two options for reporting power headroom in subframe i include 
1. Option 1: separate PHR for PUCCH and PUSCH
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2. Option 2: composite PHR for concurrent PUSCH/PUCCH [2], which can be computed from the equations above as
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where 
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is the UE-specific maximum allowed transmit power for UL CC
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The following observations from 36.321 and 36.133 are pertinent here:

· The PHR is estimated only in a subframe where PUSCH is transmitted with a 6-bit PHR value.

· For Rel-8/9 a PHR is only transmitted in a TTI if the UE is allocated an UL grant or has a PUSCH transmission.

· If a PHR is triggered e.g. by a change in the pathloss which exceeds the dl-PathlossChange threshold the UE transmits the PHR in a MAC control element when possible.

· The PHR is transmitted in a TTI if the UL allocated resources can accommodate the PHR MAC control element as a result of logical channel prioritization. 

From these observations a composite PHR accounting for both PUCCH and PUSCH should be sufficient for eNB scheduling purposes. Furthermore, there is no apparent benefit to transmit a PUCCH PHR if there is no associated PUSCH transmission. Moreover, since only one (UE-specific) CC can be configured for concurrent PUCCH/PUSCH transmission it does not seem worth the standardization effort to define separate PHR.
The main argument for Option 1 is that operating independent power control loops for PUCCH and PUSCH requires separate PH reports since independent errors could occur on each loop. It may also be argued that a composite PHR does not provide information to the eNB of the relative transmit power levels for the PUCCH and PUSCH. In our view what is important here is that a negative PHR indicates to the eNB scheduler that a concurrent PUSCH/PUCCH transmission exceeds PCMAX. One solution is for eNB scheduler to reduce subsequent uplink grants. Alternatively, the network can instruct the UE to fallback to Rel-8/9 TDM of PUSCH and PUCCH. 
Proposal 1: If a PHR-triggering event has occurred in UL CC #
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and the UE has a PUSCH transmission in subframe i which can support a PHR MAC control element

· If the UE is not configured for concurrent PUSCH/PUCCH transmission the UE follows the Rel-8 PHR transmission procedure

· If the UE is configured for concurrent PUSCH/PUCCH transmission and has UCI in subframe n, the UE transmits a composite PHR taking into account the output of the power control loops for both PUCCH and PUSCH
To accommodate the PUCCH an extension of the PHR range may be required from the current 6-bit value. For example adding one bit can increase the PHR range to [-87, 40] in steps of 1 dB. Alternatively, or as a complement to the payload extension, one bit can be used to indicate whether or not the PHR accounts for PUCCH transmit power.
Proposal 2: 

· Consider extension of PH range to 7 bits. 

· Consider a 1-bit indication of whether the PHR accounts for PUCCH transmit power.

One potential ambiguous case for a composite PH report occurs when there is a missed PDCCH detection in subframe i-k, where k = 4 for FDD or k >= 4 for TDD. There are two possible actions that can be taken by the UE

· Alternative 1: the UE transmits a PHR which only accounts for the PUSCH power in subframe i 
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· Alternative 2: the UE transmits a combined PHR for the transmit power of the current PUSCH and the transmit power of a previously transmitted PUCCH: 
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The first alternative is preferable because it is an accurate reflection of the transmit power headroom in the subframe i. 
2.1. Other Issues

A related issue is the UE behaviour when a PHR-triggering event occurs for an UL CC but there is no PUSCH transmission on that UL CC. It was proposed in [3] that rather than waiting for a subframe with a scheduled UL grant on this CC the UE can transmit the PHR on a different CC with an UL grant including a CC identifier to inform the eNB which CC the PHR refers to.  
The Rel-8 procedure already allows for some delay between the PHR-triggering event and the subframe when the PHR transmission can take place. Therefore, it is preferable to restrict PHR transmission to the UL CC where the PHR-triggering event occurred. It should also be noted that this is more of a RAN2 issue of L2 multiplexing of control and data in each CC since the PHR is conveyed in a MAC control element. 
Proposal 3: PHR is per CC and the PHR is transmitted on the UL CC where the PHR-triggering event occurred.

3. Conclusion

This contribution discusses power headroom reporting for carrier aggregation. Our view is that for concurrent PUSCH/PUCCH transmission a composite PHR is sufficient with a possible extension of the PH range and/or a one-bit field to indicate whether the PHR accounts for PUCCH transmission power.  
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