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1
Introduction
Following agreements on power control/PHR has been made:
· NR supports beam specific power control as baseline.

· For beam specific power control, NR defines beam specific open & closed loop parameters. 

· FFS: details on beam common parameter(s)

· Note: Agreed on RAN1 #88 FFS details on “beam specific”, especially regarding handling layer/layer-group/panel specific/beam group specific/beam pair link specific power control
· gNB is aware of the power headroom differences for different waveforms, if the UE can be configured for both waveforms.

· FFS: offset configured/specified, reported, 

· FFS on the details of power control parameters for example, P_c, Max or other open/closed loop parameter

2
Discussion
The Power Headroom reporting procedure is used to provide the serving eNB with information about the difference between the nominal UE maximum transmit power and the estimated power for UL-SCH transmission. For NR, power headroom reports are expected to be useful for UL scheduling in the same way as for LTE. In LTE, power headroom is defined for each serving cell for a given subframe, also referred to as power headroom reference period/subframe [36.133]. The reported power headroom shall be estimated over 1 subframe. There are two types of power headroom reports defined: Type 1 PHR, considering only PUSCH transmissions and Type 2 PHR considering transmissions over PUCCH and PUSCH. The power headroom can be interpreted as the difference (in dB) between the configured maximum power PCMAX,c(i) of serving cell c and the transmission power determined for PUCCH and/or PUSCH before capping with the configured maximum power.

In LTE CA, UE reports Power headroom information for all activated serving cells in an extended PHR MAC CE. The PH value is based either on an actual PUSCH/PUCCH transmission (actual PHR) or on a reference format (virtual PHR) when there is no actual PUCCH/PUSCH transmission at the time of reporting PHR. The same principle could be also reused for NR. 

However there are certain differences between LTE CA and NR CA due to the support of different numerologies, which will also impact the power headroom reporting functionality. Since the TTI length is in LTE the same for all carriers/serving cells the PHR reporting subframes, i.e. subframes which the power headroom information refers to, are aligned across the carriers. Furthermore the timing relation between PDCCH (UL grant) and the corresponding PUSCH transmission is the same for all serving cells in LTE, therefore UE knows whether a PUSCH transmission is scheduled on a serving cell for the PHR reporting subframe when the UE calculates PHR for all cells. 
For NR CA due to the support of different numerologies, one slot/TTI of a carrier can overlap with multiple slots/TTIs of another carrier, i.e. eMBB on one carrier and URLLC on another carrier. In this case gNB when receiving an extended PHR would not be aware of which slot/TTI the Power headroom information refers to. For example in a scenario where an extended PHR report is triggered and subsequently transmitted in a slot/TTI, which overlaps with multiple slots/TTIs on a different carrier, gNB would not know which of the overlapped slot/TTI is the reference for the PH calculation.  Therefore it may base its future scheduling decisions on wrong assumptions, i.e. how close the UE is operating on the power limit, which may lead to either power scaling or under-utilization of resources. 
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Figure 1: PHR reporting for NR CA

Figure 1 shows some exemplary NR CA scenario where different component carriers use a different numerology. The extended PHR MAC CE carrying PH information for all three CCs is transmitted in TTIN on CC1. Since TTIN on CC1 spans over TTIi to TTIi+3 on CC2, a PHR reference TTI needs to be defined in order to ensure that gNB interprets the received PHR correctly. More in detail it should be defined e.g. whether PH information for CC2 has been calculated for TTIi, TTIi+1, TTI i+2 or TTIi+3. 

It should be noted that from technical point the PHR reference slot/subframe should be defined in a way that UE is as much as possible aware of whether a PUSCH/PUCCH transmissions takes place in the PHR reference slots/subframes. Due to the potentially different TTI length/frame structures on the component carriers, UE might not be fast enough to consider the UL grant(s) for the overlapping slot on the other carriers when calculating the PH information. For example assuming that PHR reference slot/subframe for CC2 would be TTIi+2, UE when generating the extended PHR MAC CE for transmission on CC1 in TTIN, would not be aware of the presence of a UL grant in TTIi. Given that we prefer that PH information is calculated based on the first fully overlapped slot, i.e. PHR reference subframe is TTIi for CC2 and TTIs+1 for CC3. 
Proposal 1: PHR reference slot/subframe for CA operation among NR cells using different overlapping slot durations is the first fully overlapped slot/subframe. 
In [2] further cases for PHR reporting in NR CA with different TTI lengths are discussed, which are copied here for reference. 
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Figure 2: PHR reporting in different TTI lengths 

For the case illustrated in figure 2, it is discussed whether PHR is sent on CC1 or on CC2. We think that in general the UE should, once a PHR is triggered, sent the PHR on the CC1 for which LCP procedure has been started first. For the scenario shown in figure 2, UE should send the PHR on CC1 in slot5. Since UE upon having received the UL grant on CC1 in slot 1 performs the LCP procedure it already considers sending the PHR on CC1. Furthermore in case a later UL grant is received on a different CC (slot 3 on CC2) UE would need to rerun the LCP procedure for CC1 which is not a sensible behavior. 
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Figure 3: PHR reporting in different TTI lengths 
Also for the scenario shown in figure 3, we think that PHR should be sent on the CC1 fo which UL grant is received first, since LCP procedure is performed first for this CC. Similar as for the case illustrated in figure 2, UE would be required to rerun LCP and TB generation procedure (at least partly) in case the PHR is sent on CC2. 
Proposal 2: When PHR has been triggered and UE receives multiple UL grants (on different serving cells/carriers) at a different time, PHR is sent on the grant for which LCP procedure is performed first
In LTE the size of the extended PHR MAC CE is not fixed but depends on the number of activated serving cells and also on whether virtual or real PH is reported for a serving cell, i.e. Pcmax,c is not reported for a virtual PHR. Assuming the same extended PHR MAC CE format in NR, multiplexing an extended PHR MAC CE in a TB would be more challenging from processing timing perspective, since UE has to first reserve sufficient space within the TB for the MAC CE before being able to assign data to the logical channels. When the size of the extended PHR MAC CE is only known at a late point of time due to different numerologies/TTIs being used on the serving cells, the whole LCP procedure is delayed. To be more specific, UE needs to determine first whether a virtual uplink transmission or a real uplink transmission takes place on the serving cells in the TTI for which PHR is reported before being able to decide the size of the MAC CE. In NR CA when different numerologies with different transmission durations/timing relations are used on the serving cells, the UE may not know immediately, whether the PH information for the other serving cells is calculated based on actual or virtual uplink transmission. 

Figure 4 below depicts an exemplary scenario highlighting the above mentioned problem. UE is configured with 3 component carriers/serving cells (which are all activated), each of them having a different numerology/transmission duration. PHR has been triggered before t0 (TTIN-3 on CC1) and an extended PHR MAC CE is transmitted in TTIN on the first carrier (CC1) according to the UL grant received at t0in TTIN-2.
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Figure 4: extended PHR reporting for NR CA
Since uplink transmission in the PHR reference subframes on CC2 and CC3 are scheduled at t1 respectively t2, UE would need to wait until t2 to decide the size of the PHR MAC CE and subsequently assigning resources to the LCHs, making it impossible to finish the generation of the TB until transmission in TTIN on CC1. 
In order to simplify the UE implementation and allow UE sufficient time for generating/transmitting a TB, we think that UE should decide at the earliest point of time the size of the extended PHR MAC CE. To be more specific UE should be allowed to decide upon having received an UL grant – for the case that PHR has been triggered – the size of the extended PHR MAC CE. In order to do so, 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 4, 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 and CC3, even if real uplink transmissions would take place in the PHR reference subframe(s), e.g. scheduled in TTI i-2 on CC2 and in TTI s-2 on CC3.  

Considering only UL grant(s) for the other active serving cells received until and including the TTI in which the UL grant scheduling the uplink resources for transmission of the extended PHR MAC CE has been received, allows the UE to decide the size of the extended PHR MAC CE immediately (like in LTE CA), which in turn enables the UE to start the TB generation process immediately, i.e. performing LCP procedure. 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 simplify UE implementation. 

Proposal 3: UE decides the size of an extended PHR MAC CE before LCP procedure is started, i.e. UE considers UL grants received for any activated serving cell received until the point of time when UE starts LCP/TB generation process in order to determine whether virtual or real PHR is reported for a serving cell.
3
Conclusion
This contribution is discussing power headroom reporting for NR CA. It is proposed to agree on the following:

Proposal 1: RAN2 should discuss PHR reference slot/subframe for CA operation among NR cells using different slot durations and different slot structures.
Proposal 2: When PHR has been triggered and UE receives multiple UL grants (on different serving cells/carriers) at a different time, PHR is sent on the grant for which LCP procedure is performed first

Proposal 3: UE decides the size of an extended PHR MAC CE before LCP procedure is started, i.e. UE considers UL grants received for any activated serving cell received until the point of time when UE starts LCP/TB generation process in order to determine whether virtual or real PHR is reported for a serving cell.
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