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1 Introduction
This contribution discusses power headroom report (PHR) for PUCCH and PUSCH. In RAN1#59bis meeting, RAN1 could not conclude whether PHR within each per-CC PHR should be per channel (PUSCH/PUCCH) or not. Furthermore, RAN4’s view on this issue was not included in the LS [3] which was sent as a response for the RAN1 LS [2] asking for RAN4’s view about the power headroom reporting and other UL power control related issues. In this contribution, we propose that the power headroom report is per channel and the PHR for concurrent PUSCH/PUCCH transmissions is supported in LTE-A in addition to the PUSCH PHR defined in LTE Rel-8/Rel-9.
2 Need for separate power headroom reporting
In LTE Rel-8/Rel-9, PHR is defined for PUSCH only transmission cases, as rephrased below [1]:
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The eNB uses the PHR received from each UE in making scheduling decisions on MCS and number of PRBs for PUSCH transmissions from the UE so that the UE’s transmission power does not exceed the maximum transmission power, 
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, supportable by the UE. 
In LTE-A, concurrent transmission of PUSCH and PUCCH in a subframe has been decided to be supported. When the eNB does not have exact knowledge of the transmission power used for PUCCH by the UE, the eNB cannot make a correct decision on how much power remains for the UE to use for PUSCH transmission. This is mainly because the UL transmission power has to be shared between PUSCH and PUCCH, and even more, PUCCH transmission power should be prioritized as per the decision in RAN1#59bis meeting. The power controls for PUSCH and PUCCH are separately applied in LTE and it is difficult for the eNB to know the TPC commands accumulated in the UE for respective PUSCH and PUCCH transmissions. The TPC commands are occasionally received in error at the UE and even worse, the TPC commands defined in the specification [1] are biased toward positive values in case of two bit TPC commands. Considering these aspects, in order to enable the eNB to schedule PUSCH transmission for the UE without power limitation when PUSCH and PUCCH are transmitted in parallel in a subframe, it is necessary to define separate PHR for PUSCH and PUCCH.                                                                        
Proposal

· UL power headroom reporting is per channel
· PHR for concurrent PUCCH/PUSCH transmission is adopted in addition to PUSCH only PHR defined in LTE
3 PUCCH power headroom reporting
Power headroom report for concurrent PUCCH and PUSCH transmission cases can be defined as given below:
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The variables in the above formulation are as defined in [1] (Section 5.1.2.1) and “k” has been additionally included. The term “k” is to reflect both cases that PUCCH transmission occurs or does not occur in subframes with PUSCH transmission, as illustrated in Figures 1(a) and 1(b), respectively. The “k” represents the timing difference between the PUSCH subframe with PHR and the one with the corresponding PUCCH transmission. The “k” is equal to 0 for the case of Figure 1(a). The PUCCH power headroom should be reported even in subframes with no PUCCH transmissions as well so that the eNB can schedule appropriate bandwidth and MCS level, which would not lead to power limitation at the UE, for PUSCH transmissions in subframes with concurrent PUCCH transmissions. Thus, any UEs who are configured to transmit PUSCH and PUCCH in parallel in the same subframe, instead of embedding the corresponding UCI in PUSCH transmissions, will report both both 
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Figure 1. Timing reference for PUCCH power head reporting. (a) concurrent PUSCH and PUCCH case (k=0), (b) PUSCH only transmission case (k≠0).
Although the PHR for concurrent PUCCH/PUSCH in the formula (2) is defined as 
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can be used instead and bring similar effects. The UEs configured to transmit PUCCH and PUSCH in parallel will need to report both 
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 by including the both in MAC header, not just 
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. The PUCCH/PUSCH PHR, 
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, in combination with the PUSCH PHR defined in LTE provides the eNB with the information on how much power the UE will use for PUSCH and PUCCH for a given UL grant. However, LTE-A UEs, who are configured to follow the LTE transmission mechanism instead when both PUSCH and PUCCH should be transmitted in a subframe, need not report power headroom for PUCCH and only PUSCH PHR will be sufficient.
In case of PUSCH PHR, the transmission bandwidth and MCS assumed in computing the PHR are indicated by the PDCCH with DCI format 0 which schedules the transmission of corresponding PUSCH. Thus, the UE does not need to include the information on the assumed PUSCH format in the PUSCH PHR. This can apply to the concurrent PUSCH/PUCCH PHR as well. In case of concurrent PUCCH/PUSCH PHR, the format of the transmitted PUCCH and the power headroom for the PUCCH can be different in different reporting instances. 
For PUCCHs carrying CQI or RI whose transmission timing and format are preconfigured via higher layer signaling, the eNB and the UE have the same understanding on which PUCCH format will be sent in a given subframe and 
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can be set accordingly in the formula (2). However, for PUCCHs carrying ACK/NACK, it can happen that the UE misses a DL grant which schedules a PDSCH transmission for the UE and as a result, the UE does not transmit PUCCH format 1a/1b in corresponding UL subframes. Then, when the UE needs to send a PUCCH/PUSCH PHR, different values of 
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can be assumed between the UE and the eNB. In order to resolve these error cases, explicit information on the PUCCH format used in computing the PHR can be sent together with the PHR. Another approach is that a single PUCCH format, e.g., PUCCH format 1a, can always be assumed when computing the PHR for concurrent PUCCH/PUSCH, regardless of actual PUCCH transmissions corresponding to the PHR. Then, no explicit signalling for the assumed PUCCH format is necessary. When it happens that 
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for the UE is updated by DCI format 3/3A without any PUCCH transmission before the UE reports a new PHR, the PHR for concurrent PUCCH/PUSCH should reflect the updated 
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Proposal

· PHR for concurrent PUCCH/PUSCH transmission is configured in a UE specific manner, e.g., depending on whether the LTE-A UE is allowed for concurrent PUCCH/PUSCH transmission
· UEs configured to report power headroom for concurrent PUCCH/PUSCH include the PHR in PUSCH transmissions even when there is no PUCCH transmission in the subframe
· Power headroom assuming PUCCH format 1a transmission is reported as the PHR for concurrent PUCCH/PUSCH, regardless of actual PUCCH transmissions 
4 Conclusion
This contribution considered per-channel power headroom report for PUSCH and PUCCH. We propose to adopt separate power headroom report for PUSCH and PUSCH+PUCCH, because concurrent transmission of PUSCH and PUCCH in a subframe should be supported in LTE-A and power control is separately applied to PUSCH and PUCCH. Also, the proposals presented in Section 3 can be taken as baseline for power headroom reporting for concurrent PUSCH/PUCCH transmissions. 
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