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Introduction
The related agreements from RAN1#88 are highlighted as below:
· NR supports beam specific power control as baseline.
· FFS details especially regarding handling layer/layer-group/panel specific/beam group specific/beam pair link specific power control
· FFS whether to apply open loop only, closed loop only, or both
· Waveform (CP-OFDM vs. DFT-s-OFDM) specific power control for a UE, e.g., PHR, offset needs to be studied in WI.
The related agreements from RAN1#88bis are highlighted as below
· 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
The related agreements from #RAN1 Ad Hoc held on 27th – 29th June 2017, are highlighted as below
· UE’s power headroom report is based on the corresponding PUSCH transmission(s)
· FFS details
· For FDD, separate sets of bandwidth part (BWP) configurations for DL & UL per component carrier
· The numerology of DL BWP configuration is applied to at least PDCCH, PDSCH & corresponding DMRS
· The numerology of UL BWP configuration is applied to at least PUCCH, PUSCH & corresponding DMRS
· For TDD, separate sets of BWP configurations for DL & UL per component carrier
· The numerology of DL BWP configuration is applied to at least PDCCH, PDSCH & corresponding DMRS
· The numerology of UL BWP configuration is applied to at least PUCCH, PUSCH & corresponding DMRS
· For UE, if different active DL and UL BWPs are configured, UE is not expected to retune the center frequency of channel BW between DL and UL
· At least one of configured DL BWPs includes one CORESET with common search space at least in primary component carrier
· Each configured DL BWP includes at least one CORESET with UE-specific search space for the case of single active BWP at a given time
· In case of single active BWP at a given time, if active DL BWP does not include common search space, then UE is not required to monitor the common search space
Based on above RAN1 agreements, this contribution analyses RAN2 aspects for PHR, and enable the further progresses in RAN2. There is a corresponding text proposal in [1].
[bookmark: _Ref178064866]Discussion
0. PHR general aspects
Format
In LTE, 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 or SRS transmission per activated Serving Cell and also with information about the difference between the nominal UE maximum power and the estimated power for UL-SCH and PUCCH transmission on SpCell and PUCCH SCell. The similar procedure would be also required for NR.
LTE defines the following PHR MAC CE in Rel-8 as shown below for single connection (see 3GPP TS 36.321)
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Figure 6.1.3.6-1: PHR MAC control element
It has a fixed size and consists of a single octet. This format is extended to support carrier aggregation in Rel-10 (up to 8 serving cells), and further extended to support PUCCH SCell and/or 32 serving cells in Rel-13. The DC PHR MAC is also defined in Rel-12 to support dual connectivity.
While for extended PHR MAC CE, we need to study if NR shall support both extendedPHR and extendedPHR2. It may be beneficial to have an unified format. This is also related to a question how many serving cells/CCs that NR CA supports from Rel-15 onwards. If NR CA is designed to configure more than 8 CCs from the beginning, it may be unnecessary to support both extendedPHR and extendedPHR2 formats.
[bookmark: _Toc489970231][bookmark: _Toc489988179][bookmark: _Toc490048799][bookmark: _Toc490059823][bookmark: _Toc490120698][bookmark: _Toc490217824][bookmark: _Toc480752282][bookmark: _Toc487637986][bookmark: _Toc487639648][bookmark: _Toc489822809][bookmark: _Toc489822863][bookmark: _Toc473881431][bookmark: _Toc473891703]Reuse LTE PHR MAC CE as the baseline for single connectivity.
[bookmark: _Toc489822810][bookmark: _Toc489822864][bookmark: _Toc489970232][bookmark: _Toc489988180][bookmark: _Toc490048800][bookmark: _Toc490059824][bookmark: _Toc490120699][bookmark: _Toc490217825]For extended PHR MAC CE, RAN2 studies if NR shall support both extendedPHR and extendedPHR2 formats.
Since the carrier aggregation (CA) and dual connectivity (DC) are in the scope of phase 1 for NR, NR shall reuse PHR MAC CE formats as LTE.
For LTE DC, two modes of power control were defined including mode 1 and mode 2. In both modes, the UE is configured with a minimum guaranteed power for each CG. In mode 1, the UE assigns up to the minimum guaranteed power to each CG.  The remaining power is shared between CGs following a priority of Uplink Control Information (UCI) types. In mode 2, the UE reserves the minimum guaranteed power for each CG. The rest power is first allocated to the CG that starts earlier in time. The PH value is calculated for each serving cell accordingly. The calculation of PH is also related to whether the UE supports synchronous DC and asynchronous DC at the same time.
According to latest RAN1 discussions, below agreements have been made 
· Regarding power sharing for LTE-NR dual connectivity, support at least semi-static power sharing between LTE and NR
· FFS details
· Discuss further whether or not to support dynamic power sharing between LTE and NR
· Discuss further impacts due to other factors, e.g., different TTI lengths, channel/service types, synchronous vs. asynchronous, different processing latency for LTE vs. NR, assumption regarding communication between NR vs. LTE at UE, specification impact to LTE (if any) and/or NR, etc.
The details on power control modes (for non standalone) are still under discussions. Whether to support both synchronous DC and asynchronous DC for a UE is also under discussions. 
[bookmark: _Toc489873633][bookmark: _Toc489988168][bookmark: _Toc490048808][bookmark: _Toc490217813]Power control details for DC (non standalone) is still under discussion in RAN1.
Therefore, it is a little hard to decide for the moment whether to fully reuse LTE DC PHR MAC CE for NR. 
[bookmark: _Toc489970233][bookmark: _Toc489988181][bookmark: _Toc490048801][bookmark: _Toc490059825][bookmark: _Toc490120700][bookmark: _Toc490217826]The format for DC PHR MAC CE is pending RAN1 discussions.
In LTE, there are two types of PH are defined for FDD, including Type 1 PH and Type 2 PH. The former considers only PUSCH transmission power. The latter is applied when there is simultaneous transmission of PUCCH and PUSCH. In NR, it has been agreed in RAN1#88bis that
· Support ‘simultaneous PUSCH and PUCCH at least for the long PUCCH format’, i.e. transmit uplink control on PUCCH resources even in presence of data
Therefore, it is natural that NR shall support both Type 1 PH and Type 2 PH from the very first release. 
At the same time, for a serving cell with frame structure type 2 (TDD), and not configured for PUSCH/PUCCH transmission, the UE report Type 3 PH report. Since NR supports both FDD and TDD, it is natural for NR to also support Type 3 PH. 
[bookmark: _Toc480752283][bookmark: _Toc487637987][bookmark: _Toc487639649][bookmark: _Toc489822811][bookmark: _Toc489822865][bookmark: _Toc489970234][bookmark: _Toc489988182][bookmark: _Toc490048802][bookmark: _Toc490059826][bookmark: _Toc490120701][bookmark: _Toc490217827]As like LTE, NR supports all three types of PH report, including Type 1 PH, Type 2 PH and Type 3 PH.
Triggers
In LTE, the following conditions are defined to trigger a Power Headroom Report (PHR):
	-	prohibitPHR-Timer expires or has expired and the path loss has changed more than dl-PathlossChange dB for at least one activated Serving Cell of any MAC entity which is used as a pathloss reference since the last transmission of a PHR in this MAC entity when the MAC entity has UL resources for new transmission;
-	periodicPHR-Timer expires;
-	upon configuration or reconfiguration of the power headroom reporting functionality by upper layers, which is not used to disable the function;
-	activation of an SCell of any MAC entity with configured uplink;
-	addition of the PSCell;
-	prohibitPHR-Timer expires or has expired, when the MAC entity has UL resources for new transmission, and the following is true in this TTI for any of the activated Serving Cells of any MAC entity with configured uplink: 
-	there are UL resources allocated for transmission or there is a PUCCH transmission on this cell, and the required power backoff due to power management (as allowed by P-MPRc) for this cell has changed more than dl-PathlossChange dB since the last transmission of a PHR when the MAC entity had UL resources allocated for transmission or PUCCH transmission on this cell.


The above triggering events include DL path loss change, periodic timers and PHR (re)configuration triggering, events in carrier aggregation and dual connectivity. The NR standardization is expected to support at least LTE similar features. Therefore, 
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In LTE DC, it was discussed if a PHR can be triggered when a handover (i.e., change of MeNB), or a change of SCG. It is evaluable to re-discuss such events for NR.
[bookmark: _Toc489988184][bookmark: _Toc490048804][bookmark: _Toc490059828][bookmark: _Toc490120703][bookmark: _Toc490217829] For DC, RAN2 discusses whether the occurrence of a handover or a change of SCG can trigger a PHR.
Further aspects
PHR with multiple numerologies
In LTE, an extended PHR may include PHs for multiple active serving cells. This PHR can be transmitted on any one of active serving cell. In NR, each serving cell in CA may be configured with different numerology/TTI duration, this means that a single PHR message may include PHs for multiple serving cells with different numerologies. Even within the same component carrier, it has been agreed in #RAN1 Ad Hoc held on 27th – 29th June 2017, that different BWPs can be configured, and each BWP is connected to certain numerology. 
Here we see three relevant questions
1. For CA, how to report a PHR in case multiple numerologies? i.e., which cell to send a PHR (PHR includes PHs for multiple service cells with different numerologies configured)
2. Is it necessary to apply numerology/BWP specific PHR configuration?
How the UE receives grants depend on the way that the gNBs schedule UEs. There may be two cases.
1) For the case with self-scheduling, i.e., each carrier/numerology/BWP has its own scheduling entity/procedure, the UE receives multiple grants one by one.   
2) For the case with cross-carrier/numerology/BWP scheduling, the UE may receive several grants at the same time. 
For case 1), the earliest received grant doesn’t mean the UE will transmit with that grant first, due to different SCS, TTI length, processing time of each grant. In LTE, upon a PHR trigger, the UE builds a PHR, and transmits it with the earliest grant. 
For case 2), the actual transmission time for each grant may be also different due to different SCS, TTI length, processing time associated with each grant, in LTE, it is left to UE implementation to choose which CC/grant to transmit the PHR. 
For both cases, we think it is sufficient to reuse LTE rules as we don’t think the gNB, scheduler and LA are so sensitive to the latency. The network is aware of the numerology which is associated with each serving cell. Upon reception of the PHR, the network can interpret PHR accordingly, i.e., the power headroom situation when PHR is transmitted at the time (beginning of the TTI, that used to transmit PHR) for each serving cell. Therefore, it is sufficient to apply LTE PHR format and trigger in this case.
[bookmark: _Toc490217814]The support of multiple numerologies/BWPs does not impact PHR format and trigger.
[bookmark: _Toc487637990][bookmark: _Toc487639652][bookmark: _Toc489822814][bookmark: _Toc489822868][bookmark: _Toc489970237][bookmark: _Toc489988185][bookmark: _Toc490048805][bookmark: _Toc490059829][bookmark: _Toc490120704][bookmark: _Toc490217830][bookmark: _Toc480752286]The LTE extended PHR MAC CE and trigger can be reused for a NR UE in CA scenario.
PHR with multiple waveforms
According to RAN1 agreements, a UE can be configured for both DFT-S-OFDM and CP-OFDM waveforms. The gNB is aware of the power headroom differences for different waveforms. Therefore, it is enough to base on LTE PHR MAC CEs to transmit PHR. Upon reception of a PHR, the network interprets the PHR according to what waveform the UE was using when that PHR was sent. We don’t foresee any change on PHR format and trigger in this case. 
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PHR with beam switch
A UE may be connected to multi-beams for enhanced bit rate or improved transmission reliability. RAN1 has already agreed that NR supports beam specific power control. The exact details on what this means are yet to be agreed upon but it is clear that it at least implies that the UE will maintain one path loss estimation per beam and it will be up to the gNB, or alternatively gNB and UE jointly, to define the set of monitored beams. The network will use one of these beams for PUSCH transmission and it will also decide when to change to another beam upon reception of UE measurements. 
We see there are two options for PHR report with respect to beam specific power control: 
Option 1: the UE reports a PHR per beam
Option 2: the UE only reports PHR for the beam used for PUSCH transmission
In Option 1, the UE would report PHRs for every beam although including also those currently not used for PUSCH transmission. The network then would hence obtain more information from PHR than that with Option 2. However, this additional information from non-used beams may be of limited use since the main purpose of PHR is to adopt the link adaptation for PUSCH transmission. At the same time, Option 1 may lead to unnecessary PHR overhead and require changes to the PHR format. Option 2 would on the other hand generate relevant PHR reports and we therefore find it more reasonable. It can use the same LTE PHR format and trigger. The gNB is aware of the serving beam that the UE uses at the TTI when the PHR was sent. Upon reception of a PHR, the gNB interprets the power headroom information for the associated beam.
For beamforming-based transmissions, the pathloss may experience a sudden fluctuation due to frequent blockage as well as the change of serving beam. For Option 2 such a situation would imply, in the case of a beam switch, that the UE measures on the new beam but the reference measurement is from the old beam. If the DL PL change (referred to as “dl-PathlossChange”) becomes more than dl-PathlossChange dB when switching beam, a new PHR would be triggered. This example explains how the beam switches would operate based on the LTE PHR format and trigger. From this example, it is also indicated that the subsequent DL PL measurements used in the PHR triggers may be from different serving beams. 
[bookmark: _Toc490048809][bookmark: _Toc490217815]When evaluating if a PHR can be trigger during the beam switch, the UE MAC entity may compare PL measurements between different beams (i.e. the measurement on a new beam but the reference measurement is from the old beam). In other words, the LTE parameter “dl-PathlossChange” is sufficient for PHR during beam-switches.
Hence, it is suggested that
[bookmark: _Toc489988187][bookmark: _Toc490048807][bookmark: _Toc490059831][bookmark: _Toc490120706][bookmark: _Toc490217832]No need to update PHR format and trigger with respect to the change of serving beams.
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In section 2 we made the following observations:
Observation 1	Power control details for DC (non standalone) is still under discussion in RAN1.
Observation 2	The support of multiple numerologies/BWPs does not impact PHR format and trigger.
Observation 3	When evaluating if a PHR can be trigger during the beam switch, the UE MAC entity may compare PL measurements between different beams (i.e. the measurement on a new beam but the reference measurement is from the old beam). In other words, the LTE parameter “dl-PathlossChange” is sufficient for PHR during beam-switches.

Based on the discussion in section 2 we propose the following:
Proposal 1	Reuse LTE PHR MAC CE as the baseline for single connectivity.
Proposal 2	For extended PHR MAC CE, RAN2 studies if NR shall support both extendedPHR and extendedPHR2 formats.
Proposal 3	The format for DC PHR MAC CE is pending RAN1 discussions.
Proposal 4	As like LTE, NR supports all three types of PH report, including Type 1 PH, Type 2 PH and Type 3 PH.
Proposal 5	NR supports LTE PHR triggering events as the baseline.
Proposal 6	For DC, RAN2 discusses whether the occurrence of a handover or a change of SCG can trigger a PHR.
Proposal 7	The LTE extended PHR MAC CE and trigger can be reused for a NR UE in CA scenario.
Proposal 8	No need to update PHR format and trigger with respect to the change of uplink waveform.
Proposal 9	No need to update PHR format and trigger with respect to the change of serving beams.
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