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1
Introduction
Following agreements on power control/PHR has been made in RAN1 recently:

•        Support PH calculation for PUSCH transmission
–       Calculation for current transmission 

–       FFS: Calculation for non-current transmission
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· Support Pcmax,c reporting for PHR corresponding to NR PUSCH only transmission
· Above is supported at least for sub-6GHz.
· Support one PHR format: PH and Pcmax,c

· FFS: PHR reporting restriction for short UE timeline cases (ex: reporting virtual PHR)
This contribution is discussing the PHR MAC CE format for the CA case.

2
Discussion
It has been discussed and agreed that PHR MAC CE formats similar to LTE will be also supported in NR. This includes the use of virtual or actual PHR, depending on whether PUSCH/PUCCH transmission taking place in the given subframe, i.e. PHR reference subframe. The actual size of an extended PHR MAC CE depends on the number of activated serving cells and further on whether virtual or real PH is reported for a serving cell, i.e. Pcmax,c is not reported for a virtual PHR. 
Multiplexing a variable-size extended PHR MAC CE in a TB is more challenging in NR from processing timing perspective compared to LTE given that the TTI durations/timing may be different on the serving cells. During LCP procedure UE first has to reserve sufficient space within the TB for the PHR MAC CE before being able to assign data to the logical channels. However theoretically UE needs to wait until the downlink control information (DCI) for all active UL carriers is complete, before being able to determine whether virtual or real PH is to be reported for an UL carrier and hence to determine the size of the PHR MAC CE, before it can complete the LCP procedure which makes it challenging to generate the TB from timeline perspective. 
Figure 1 below depicts an exemplary scenario highlighting the above mentioned issue. UE is configured with 2 CCs, each of them having different numerology/transmission duration. A PHR has been triggered before t0 (TTIN-1 on CC1) and an extended PHR MAC CE is transmitted in TTIN on the first carrier (CC1) according to the UL grant received at t0 in TTIN-1.
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Figure 1: extended PHR reporting for NR CA
Since uplink transmission in the PHR reference subframe on CC2 is scheduled at t1, UE would need to wait until t2 to decide the size of the PHR MAC CE and completing LCP, making it impossible to finish the generation of the TB until transmission in TTIN on CC1. 
Given that the L2 protocol stack and MAC PDU format for NR has been designed in a processing-power-friendly way, also the calculation of a PHR MAC CE for the CA case should have no negative impact to UE’s processing timeline. Therefore in order to simplify UE implementation and allow UE sufficient time for generating a TB, UE should decide the size of an extended PHR MAC CE immediately upon UL grant reception with the downlink control information for the other UL carriers available at this point of time. Essentially UE considers UL grants for the other activated serving cells received until the point when UE starts LCP procedure for deciding the PHR MAC CE size, i.e. for deciding whether virtual or real PHR is reported for a serving cell. Taking the exemplary scenario in figure 1, UE would only consider UL grant(s) received for the activated serving cells until and including t0 to determine the size of the extended PHR MAC CE. Hence UE would decide at t0 that a virtual PH value is computed and reported for CC2, even if uplink transmission would take place in the PHR reference subframe, e.g. scheduled in TTIS-1 on CC2.  

Considering only UL grant(s) for the other active serving cells received until and including the TTI/slot in which the UL grant scheduling the uplink resources for transmission of the extended PHR MAC CE has been received, ensures the same timline as in LTE CA. It should be noted that for BSR MAC CE it was agreed in RAN2#99, that the number of LCGs to report is decided before the PDU is constructed in order to avoid some negative impact on UE’s processing timeline. 

Proposal 1: UE determines the PHR MAC CE - whether PH value for an activated Serving Cell is based on real transmission or a reference format - based on the downlink control information which has been received until and including the PDCCH occasion in which the first UL grant is received since a PHR has been triggered.
3
Conclusion
This contribution is discussing power headroom reporting for NR CA. It is proposed to agree on the following:

Proposal 1: Proposal 1: UE determines the PHR MAC CE - whether PH value for an activated Serving Cell is based on real transmission or a reference format - based on the downlink control information which has been received until and including the PDCCH occasion in which the first UL grant is received since a PHR has been triggered.
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Text proposal

6.1.3.8
Power Headroom Report MAC CE

The Power Headroom Report (PHR) MAC CE is identified by a MAC PDU subheader with LCID as specified in Table 6.2.1-2. It includes the bitmap, a Type 2 PH field and an octet containing the associated PCMAX,c field (if reported) for the PCell, a Type 2 PH field and an octet containing the associated PCMAX,c field (if reported) for either PSCell or PUCCH SCell, a Type 1 PH field and an octet containing the associated PCMAX,c field (if reported) for the PCell. It further includes, in ascending order based on the ServCellIndex, one or multiple of Type 1 PH fields and octets containing the associated PCMAX,c fields (if reported) for SCells indicated in the bitmap.  

Editor's Note: Whether to support four-octet bitmap depends on whether we support 32 carries. Also the detailed design can be affected according to the discussion on uniqueness of cell index across CGs.

The presence of Type 2 PH field for PCell is configured by phr-Type2PCell, and the presence of Type 2 PH field for either PSCell or for PUCCH SCell is configured by phr-Type2OtherCell.

A single octet bitmap is used for indicating the presence of PH per SCell when the highest SCellIndex of SCell with configured uplink is less than 8, otherwise four octets are used.
UE determines whether PH value for an activated Serving Cell is based on real transmission or a reference format by considering the downlink control information which has been received until and including the PDCCH occasion in which the first UL grant is received since a PHR has been triggered.
The PHR MAC CEs are defined as follows:
-
Ci: this field indicates the presence of a PH field for the SCell with SCellIndex i as specified in TS 38.331 [5]. The Ci field set to "1" indicates that a PH field for the SCell with SCellIndex i is reported. The Ci field set to "0" indicates that a PH field for the SCell with SCellIndex i is not reported;

-
R: reserved bit, set to "0";

-
V: this field indicates if the PH value is based on a real transmission or a reference format. For Type 1 PH, V=0 indicates real transmission on PUSCH and V=1 indicates that a PUSCH reference format is used. For Type 2 PH, V=0 indicates real transmission on PUCCH and V=1 indicates that a PUCCH reference format is used. Furthermore, for Type 1 and Type 2 PH, V=0 indicates the presence of the octet containing the associated PCMAX,c field, and V=1 indicates that the octet containing the associated PCMAX,c field is omitted;

-
Power Headroom (PH): this field indicates the power headroom level. The length of the field is 6 bits. The reported PH and the corresponding power headroom levels are shown in Table 6.1.3.8-1;

-
P: this field indicates whether the MAC entity applies power backoff due to power management. The MAC entity shall set P=1 if the corresponding PCMAX,c field would have had a different value if no power backoff due to power management had been applied;

-
PCMAX,c: if present, this field indicates the PCMAX,c or P̃CMAX,c (as specified in TS 38.213 [6]) used for calculation of the preceding PH field. The reported PCMAX,c and the corresponding nominal UE transmit power levels are shown in Table 6.1.3.8-2.
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