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1. Introduction

In RAN1 #59bis and the following email discussion, CC specific PHR has been agreed for carrier aggregation in uplink as following:
PHR

· Per CC 

· PHR report should include CC specific reports for PUCCH/ PUSCH

· FFS whether individual or combined PUCCH/PUSCH PHR
RAN4 has indicated that concurrent PUSCH and PUCCH transmission or non-contiguous PUSCH transmissions can result in a UE maximum transmit power reduction (MPR) in a range of 4-6 dB on average, and up to 10 dB in some extreme cases [1]. Discussions on power headroom report in LTE-A have be given in [2]-[10]. In this document, we share our views on power headroom report for carrier aggregation in LTE-A.

2. Discussion 

Power headroom in Rel-8 represents the difference between the allowed UE maximum transmit power PCMAX and UE’s current PUSCH transmit power. UE shall report power headroom (i.e. PHR) to its serving eNB for its scheduling. To support PUSCH on multiple carriers by a UE, CC specific PHR has been agreed in Rel-10.

Different from Rel-8, a Rel-10 UE supports concurrent PUCCH and PUSCH transmissions within an uplink carrier. Thus, the Rel-8 PHR scheme cannot be directly reused. In Rel-10, the following uplink transmission cases shall be considered on top of Rel-8 when designing the PHR scheme.
Case 1: PUSCH only transmission on multiple CCs
When a Rel-10 UE is scheduled to transmit PUSCH on multiple UL CCs, according to the current agreements, PHR for each CC shall be reported individually. On each CC, PHR calculation can be the same as in Rel-8.
Case 2: Concurrent transmission of PUSCH and PUCCH on different CCs

It has been agreed that PUCCH for a Rel-10 UE can only be transmitted in a single UL CC. eNB can schedule a UE to transmit PUCCH on one CC and PUSCH on another CC at the same time. Since PHR is utilized for eNB scheduling PUSCH, a UE can report a CC specific PHR for each PUSCH CC, following the Rel-8 scheme.
Case 3: Concurrent transmission of PUSCH and PUCCH on the same CC

In case PUSCH transmission is scheduled concurrently with PUCCH on the same CC, Rel-8 PHR is not sufficient. Two schemes have been proposed, including: 
· Separate PHR, i.e. PUCCH PHR and PUSCH PHR reported separately.
· Combined PHR, i.e. a single PHR reported considering both PUCCH and PUSCH power consumptions.
For separate PUCCH and PUSCH PHR, each PHR is calculated based on PUCCH only or PUSCH only transmission. The MPR at the UE side in case of concurrent PUSCH and PUCCH transmission is not considered in PHR calculation. Furthermore, according to RAN4 LS [1], the power backoff value can be significantly different with different PUSCH and PUCCH RB allocations. Hence, eNB cannot know the exact PHR when concurrent PUSCH and PUCCH are scheduled.
With a combined PHR, a Rel-10 UE calculates/reports 
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 when the reference subframe i contains only PUSCH transmission, or 
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 when the reference subframe i contains concurrent PUSCH and PUCCH transmissions. Such a PHR scheme reduces the signalling overhead, compared to the separate PUCCH/PUSCH PHR scheme. In addition, UE maximum power backoff can be included in the combined PHR calculation with a proper PCMAX, which helps eNB to better estimate the available transmit power at the UE side.
Therefore, we have following proposal:
Proposal 1: In a reference subframe i for PHR, a Rel-10 UE shall calculate and report a combined PHR as 
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 in case both PUCCH and PUSCH are present; otherwise, UE shall calculate and report a PHR as 
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As discussed above, RAN4 has indicated in [1] that concurrent PUSCH and PUCCH transmissions or non-contiguous can result in UE MPR. In addition, the MPR value can be significantly different for different RB allocations as well as PUSCH MCS levels. Rel-8 PHR triggering condition includes PHR periodical timer expiration, changes of UE estimated pathloss over a certain threshold, or RRC configuration updates. However, eNB cannot obtain the timely PHR for UL scheduling decision. Therefore, an aperiodic PHR triggering scheme can be introduced in Rel-10. The aperiodic PHR triggering can be via L1 or L2 signalling. With the aperiodic PHR triggering, eNB can schedule a UE to report PHR whenever the scheduler expects precise power headroom based on the currently scheduled UL transmissions, which facilitates scheduling decisions in later subframes. Hence, we have the following proposal:
Proposal 2: An aperiodic PHR triggering scheme via L1 or L2 signaling can be introduced in Rel-10. 
3. Conclusions

In this contribution, several aspects of PHR in LTE-A are discussed. We currently have the following proposals:
Proposal 1: In a reference subframe i for PHR, a Rel-10 UE shall calculate and report a combined PHR as 
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 in case both PUCCH and PUSCH are present; otherwise, UE shall calculate and report a PHR as 
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Proposal 2: An aperiodic PHR triggering scheme via L1 or L2 signaling can be introduced in Rel-10.
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