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1
Introduction
Discussions related to the topic of UE power class for mmWave NR UEs have spanned a number of meetings and resulted in a number of agreements. Initial discussions offline during the RAN4 #84 meeting have touched upon the topic of PCMAX definition. This paper provides our view on the topic.
2
Discussion
2.1
Background
Agreements from RAN4 NR AH #2 [2]:
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Agreements from RAN4 #84 [3] captured an open issue related to the relationship between the PCMAX formula and the power class definition in TS 38.101:
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Agreements from RAN1 #89 [1] have captured the following: 
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Agreements from the RRM discussion on RSRP measurement definition have been captured in [5]:
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An LS from RAN4 requesting the clarification of the definition of PCMAX was approved during RAN4 #84 with the following [6]:
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2.2
Relationship between PCMAX and the UE beam

When the UE undergoes random access procedures to the gNB, it will calculate its output power according to open loop procedures. The exact definition of this procedure is not yet defined by RAN1, but we can assume that the definition will bear some similarity to the LTE procedure. Thus, the UE output power is expected to be a function of the measured RSRP and a reference signal power parameter signalled by the network. Since RAN4 RRM has already agreed that the RSRP measurement will include the impact of receive beamforming, then the UE’s path loss calculation will include this impact in the path loss estimate.
Thus, two definitions of PCMAX become possible:
Option 1: PCMAX is calculated by compensating for UE antenna array gain in the specific direction of the gNB

Option 2: PCMAX is calculated assuming the UE and BS antenna array gains remain constant for the duration of the procedure

Option 1 requires the UE to maintain an accurate estimate of the spatial response of its antenna arrays in all possible directions around the UE. Such a requirement places a burden on the UE to essentially become a self-calibrating antenna with knowledge of its spatial response under any usage conditions (for example, the proximity of a user’s hand to the antenna array influences the spatial response of the individual antenna elements in unique ways related to the placement of the hand). It does not seem feasible for a UE to maintain such information under all possible usage scenarios.
Option 2 can be feasible if the link geometry between the UE and gNB does not change significantly so that the antenna array gains associated with the beam formed by the UE can be estimated within the specified RRM evaluation period and do not change significantly during the overall procedure. As described in the RAN4 LS [6], such an approach may impact the definitions of power headroom reporting and power control in general. 
With Option 2 it is understood that potentially there exists some signalling overhead needed to track and update the beam information such that the UE can maintain its assumptions about antenna array gain when calculating PCMAX. Our understanding is that this is well within the scope of beam management procedures in the RRM specification. The advantage of this option is to render the antenna array gains of the breamformed link between the UE and gNB transparent to the power control mechanism: they become part of the path loss estimate. Given this, the PCMAX equation is not expected to look very much different from the LTE definition.
Proposal 1: If RAN1 responds affirmatively to the question in the LS on beam management and impact on power control [R4-1709147], then PCMAX is defined per beam as a function of a single nominal output power associated with the UE’s power class.
We observe that given the RAN1 agreement that “For open-loop power control parameters for PUSCH for a UE, gNB configures one or multiple P0 values, e.g., for specific combination(s) of one or more beam(s)” [4], the affirmative outcome of Proposal 1 is likely.

A similar argument can be made for the case of the UE operating in connected mode and following closed loop power control procedures. As long as the assumption about the antenna gain can be maintained, the closed loop power control procedures can be executed per beam.

2.3
Potential definition of the power value associated with a UE power class

The next aspect to consider is the definition of the single nominal output power associated with the UE’s power class; we label this power level PPC in the following discussion. In LTE this value lies in the center of a two-sided tolerance range and is specified at the conducted connector. For most bands this range spans 4 dB and is symmetric. For some bands the tolerance range reaches 5.5 dB and is greater in the negative direction (i.e. the UE is allowed more negative tolerance). For NR mmWave PPC is specified over the air and, if Proposal 1 can be confirmed, is defined per beam. Since the departure angle of the Tx beam of a handheld UE can be in any direction on the sphere around the UE, our understanding is that the spatial coverage agreements on power class [2] apply to the PPC definition. Discussions associated with the derivation of a percentile mask applied to the distribution of the UE output power in all directions on the sphere are ongoing, and it is reasonable to assume that one or two percentile points will be defined either on the CDF or the CCDF [7]. For an illustration, we refer to the complementary cumulative distribution function provided as an example in [7]:
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Figure 1: Example CCDF from [7]
We observe that the peak EIRP value of 27.7 dBm, which is the topic of further alignment according to [3], is the least probable point in the entire distribution. In other words, the probability of the user aligning the handset with the gNB such that the boresight axis lies in the direction of the Tx beam is the lowest. When defining PPC, it is possible to select the peak EIRP value, as had been suggested in offline discussions during RAN4 #84. An LTE analogue to such a choice would be the selection of the power value associated with the upper range of the tolerance as the UE power class. The low probability of such a power level being actually transmitted by the UE in a real usage scenario can lead to potential issues in network planning and power control algorithm convergence. It is more reasonable to select the distribution percentile associated with the highest power value as the definition of PPC. For example, if RAN4 considers the 50th percentile of the CCDF as the power class CCDF mask requirement, then PPC can be defined as the value associated with the 50th percentile of the CCDF with a negative tolerance only.
Proposal 2: Specify PPC as the highest power value from the specified power class CDF/CCDF mask values

Proposal 3: Further discussions about the implication of defining PPC as a radiated requirement are needed to finalize the tolerance.
3
Conclusions

This paper has provided our views on the topic of PCMAX definition. The following proposals have been made:
Proposal 1: If RAN1 responds affirmatively to the question in the LS on beam management and impact on power control [R4-1709147], then PCMAX is defined per beam as a function of a single nominal output power associated with the UE’s power class.

Proposal 2: Specify PPC as the highest power value from the specified power class CDF/CCDF mask values

Proposal 3: Further discussions about the implication of defining PPC as a radiated requirement are needed to finalize the tolerance.
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Agreements which were captured in the Chairman’s minutes:


UE power class is based on EIRP


Maximum allowed TRP can be specified in 38.101


If Maximum allowed TRP is applied to all the power class or not is FFS.


Maximum output power requirement definition


The distribution of EIRP values in all applicable beam steering directions applicable to the UE type distributed on the sphere is collected into a CDF


Define an EIRP mask corresponding to a number of percentile points on the CDF





In LTE, Power class (conducted) is referred in PCMAX formula


In NR mmW, power class definition and CDF have been discussed in RAN4, and it was agreed to define power class based on EIRP


How to reflect the EIRP based power class into TS 38.101 needs to be clarified





For open-loop power control parameters for PUSCH for a UE, 


gNB configures one or multiple P0 values 


e.g., for specific combination(s) of one or more beam(s), waveform (if agreed) and service type (if agreed)


gNB can configure one or multiple alpha values


FFS the case of closed-loop power control 


FFS how to handle reconfiguration of open-loop power control parameters for PUSCH for a UE, e.g., reset or not reset closed-loop power control


PL calculation can be based on periodic CSI-RS if configured at least for the following cases:


PUSCH


SRS 


PUCCH 


It is up to RAN4 to discuss how to support any power back-off needed for CP-OFDM transmission compared with DFT-S-OFDM transmission


E.g., specification of fixed power back-off, specification of power back-off as MPR





RAN4 has discussed suitable measurement definitions for RSRP and CSI RSRP in NR, including the impact of receive beamforming and the reference point to define the measurement when no physical antenna connector is present, eg above 6GHz. RAN4 agreed that the RSRP and CSI-RSRP definition should include Rx beamforming gain for OTA.





RAN4 opinion is that when multiple antenna elements are combined for analogue, digital or hybrid RX beamforming purposes (as for example in an antenna panel), the measurement definition should assume that RSRP and CSI-RSRP measurements are performed on the combined signal. Where multiple receiver branches are used in the measurement (for example where signals are received from multiple antenna panels) the same approach as LTE should be used (the reported value shall not be lower than the corresponding RSRP of any of the individual branches).





1. Overall Description:


RAN4 has discussed power class definition and Pcmax for UE. It was concluded that output power from UE and therefore received power at the BS changes when UE changes beam (eg. due to device rotation). It is unclear how this power change needs to be included in the Pcmax equations. RAN4 would like to understand if RAN1 assumes independent power control per beam and power changes due to beam changes are managed separately i.e. there will be two PHR processes or if power changes due to beam changes are included in the same power control process and same PHR reporting. 





2. Actions:


Action to RAN1:


RAN4 would like respectfully ask RAN1 to inform RAN4 if power control is assumed independent for each beam and if power changes due to UE beam changes are included in the same power control process.   
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