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1 Introduction

During the RAN1#59bis meeting and subsequent email discussion, further agreements on power control for carrier aggregation have been made [1] and were communicated to RAN4 and RAN2 [2]: 
From the offline/email discussion summary [1]:

PHR

· Per CC 

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

· FFS whether individual or combined PUCCH/PUSCH PHR

From the LS to RAN4 [2]:

· Power headroom reporting

· Per CC 

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

This contribution discusses remaining aspects on power headroom reporting.
2 Discussion

It has been agreed that PHR is reported per component carrier. As a consequence of the possibility for simultaneous transmission of PUCCH and PUSCH, the eNB should have knowledge of the PUCCH contribution to the current UE transmit power in order to schedule data on the PUSCH. Therefore, the PUCCH should be considered by the power headroom reporting, either individually with a PUCCH PHR or as part of a PUCCH/PUSCH PHR for each CC. 
In Rel8/9, the PUSCH PHR is reported with respect to the current subframe in which the PUSCH is transmitted, and the PUSCH PHR reports are done according to configurable parameters such as periodic PHR timer, prohibit timer and DL pathloss change.

A combined PUCCH/PUSCH PHR is not sufficient due to individual TPC command errors from accumulative PUCCH and PUSCH power control, therefore we propose that an individual PUCCH PHR should be supported. Considering that PUCCH is transmitted only on the UL PCC, PUCCH PHR reports are only applicable to the UL PCC.
Proposal 1: Individual PUCCH PHR is reported on the UL PCC.

It cannot be assumed that PUCCH would be transmitted in all subframes where PUSCH PHR is reported as it is illustrated in Figure 1. As the transmission of a PUCCH PHR itself requires a PUSCH transmission, the PUCCH PHR cannot be reported in subframes without a PUSCH, hence it can earliest be transmitted at the next subframe containing PUSCH. Therefore, in cases where there is no PUCCH transmission in the subframe containing the PUSCH PHR, the PUCCH PHR is reported with respect to the latest PUCCH transmission, as illustrated in Figure 1. 
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Figure 1: Simultaneous transmission of PUCCH PHR and PUSCH PHR

Although the eNB knows when the latest PUCCH transmission should have occurred, there can be detection errors, e.g. in the number of HARQ A/N bits. Without correct knowledge of the PUCCH PHR and information about the actual PUCCH transmission from the UE, it is not possible to correctly schedule data on PUSCH for a subframe in which both PUCCH and PUSCH are transmitted simultaneously. Therefore, the UE should provide information about the PUCCH transmission with the PUCCH PHR report, e.g. the number of HARQ A/N bits and the PUCCH format.

Proposal 2: PUCCH PHR is reported in subframes where PUSCH PHR is reported, together with information about the number of bits and the format of the latest PUCCH transmission.
In cases where there is a PUCCH transmission in the subframe where PUSCH PHR is reported, the latest PUCCH PHR would correspond to this subframe. 
3 Conclusions

This contribution discussed remaining aspects on power headroom reporting. It is proposed that RAN1 discusses and agrees on the following: 

· An individual PUCCH PHR is reported on the UL PCC in subframes where PUSCH PHR is reported, together with information about the number of bits and the format of the latest PUCCH transmission.
References

[1] R1-100833
Summary of offline discussion on UL PC
Ericsson

[2] R1-100831
LS on uplink power control in LTE-A
RAN WG1 (Nokia Siemens Networks)
[3] R1-094274
Uplink Power Control for Carrier Aggregation
Ericsson, ST-Ericsson
[4] R1-100045
Power control for carrier aggregation
Ericsson, ST-Ericsson
[5] R1-100846
On remaining details for uplink power control with carrier aggregation
Ericsson, ST-Ericsson
[6] R1-101721
LS reply on uplink power control in LTE-A
RAN WG4
P�H�R





PUSCH PHR�PUCCH PHR





........





P�H�R





PUSCH PHR�PUCCH PHR





PUCCH





PUCCH





PUSCH








