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1
Introduction
During the RAN #75 meeting the study item on New Radio access technology [1] was finalized with its outcome captured in TR38.803 [2]. During RAN #76 the New Radio Work Item was initiated [3]. With the agreement to define and test RF requirements for NR mmWave over the air (OTA), the discussion of UE power class definition has evolved over a number of agreements.

This paper collects the current agreements on NR mmWave power class definition and shares our views of the following aspects: power class definition, example UE output power values, and spherical coverage aspects.
2
Discussion
2.1
Background

The existing RAN4 agreements on UE power class definition include the NR SI outcome in TR38.803 [2], the WF from RAN4 #82bis [4], and the WF from RAN4 #83

From Clause 6.2.2.1 of TR38.803 [2]:
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From RAN4 #82 [4]:


[image: image2]
Observation 1: We note that when forming a CDF of gain values measured on a sphere around the DUT, care should be taken to correctly scale the probability mass of each measurement. Assuming a measurement grid of equally distributed points across theta (elevation) and phi (azimuth) angles, the probability mass of each measurement should be scaled by sin(theta) to avoid skewing the CDF toward the values near the poles.

From RAN4 #82bis [5]:
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From RAN4 #83 [6]:
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2.2
Power class definition
Agreements on RACH design from RAN1 #87:


[image: image5]
Agreements on RACH design from RAN1 #88bis:
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Observation 2: During the random access procedure the RAN1 design assumes that the UE forms a beam for preamble transmission and that power ramping is supported (i.e. the UE performs RACH under closed loop power control conditions).
Observation 3: Because the RAN1 RACH design assumes that the UE may derive the UE Tx power using the most recent estimate of path loss and because the UE forms a beam for preamble transmission, the UE Tx power is expected to be a function of the power of the beam which the UE has formed for preamble transmission.

Agreements on power control design from RAN1 #87:
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Agreements on power control design from RAN1 #88:
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Agreements on power control design from RAN1 #88bis:
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Observation 4: In CONNECTED mode, when performing NR-PUSCH procedures, open-loop and closed-loop power control is supported by the RAN1 design. Furthermore, beam specific power control has been selected as the baseline.

Observation 5: Because the RAN1 design for NR-PUSCH assumes beam specific power control, the UE Tx power is expected to be a function of the power of the beam which the UE has formed for NR-PUSCH.
Although the details of power control parameters and the definition of P_CMAX are still FFS in RAN1, it is reasonable to anticipate that P_CMAX will be a function of the UE Tx power associated with a beam. To define a requirement for the UE maximum output power, the WF from RAN4 #83 [5] has provided two options:

Option 1: UE power class defined as EIRP and max TRP

Option 2: UE power class defined as EIRP and max TRP and min TRP

In both options, the power class definition based on EIRP is a straightforward application of the RAN1 agreements, since the EIRP measurement of the peak of the beam formed by the UE corresponds to the RAN1 NR-RACH and NR-PUSCH assumptions. The upper limit on max TRP is also a straightforward application of regulatory requirements, which mandate certain emission limits regardless of the UE beam configuration. However, a requirement on min TRP for the power class definition is not supported by any aspects of the RAN1 NR design. Unlike LTE, where omnidirectional transmission was assumed for the UE, the NR design for NR-RACH and NR-PUSCH assumes directional transmissions via formed beams.
Proposal 1: Based on the analysis of existing RAN1 agreements of the NR-RACH and NR-PUSCH design, a requirement on min TRP for the UE power class definition is not appropriate, and a definition based on EIRP and max TRP is proposed.
2.3
Example UE output power values

We begin the discussion of UE output power values for mmWave with a presentation of a set of example values; we note that it is necessary to separate the specification of a minimum requirement from a particular implementation. One way to achieve this separation is to derive minimum required values for a range of parameters derived from the common UE architecture.
Figure 6.2.1.2.2-1 in TR38.803 defines this architecture as shown below [2]:
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Figure 6.2.1.2.2-1: UE reference architecture



 
Observation 6: We note that the reference architecture diagram from TR38.803 may not align with the reference architecture used to define the power class and the associated requirements. For example, the number of distributed PAs may not be aligned with the NR SI feasibility study outcome.

Thus, when preparing the example UE output power values, we first derive some common assumptions from this reference architecture for parameters such as the number of antennas (and their polarization properties), the single element gain, practical antenna implementation and integration losses, and the input power delivered to a single antenna element.
With UE antennas targeting mmWave devices needing to support wide frequency ranges, we anticipate gain variation of 1 dB in a typical design. An additional loss due to the implementation of the entire array into the device enclosure contributes 2 dB in a typical design. We also note that the single element gain design target may be a trade-off with other RF system design parameters, and we provide a range for the value in this contribution.
Table 1 below summarizes the example UE output power values for boresight EIRP.
Table 1: Example UE output power values (boresight)
	Parameter
	Unit
	Value

	Number of dual-polarized antenna elements
	
	4

	Single element gain
	dBi
	3.0 to 5.0

	Gain variation with frequency
	dB
	-1.0

	Array implementation loss
	dB
	-2.0

	Effective BF gain
	dB
	6.0 to 8.0

	Single element input power per polarization
	dBm
	14.0

	Dual polarization gain
	dB
	2.2

	Beam pointing loss
	dB
	0.0

	Pout EIRP total
	dBm
	28.2 to 30.2


Observation 7: The example UE output power values, as provided in Table 1, are prepared assuming a handheld UE application and boresight beam operation. Additional discussions on power class definition for other applications, such as fixed wireless access (FWA) terminal, are needed in future meetings. 
2.4
Spherical coverage aspects

When the beam is formed away from boresight, mutual coupling effects and increased side lobes reduce the gain in the desired direction. Quantifying the impact of beam pointing loss depends on the spherical coverage design targets and constraints. If we work within the framework of defining the off-boresight output power as a percentile from a CDF of all EIRP values distributed on a sphere around the UE, then this outage represents the minimum spatial coverage requirement for the device.
Observation 8: Further discussions on the definition of the power class requirement taking into account the spherical coverage aspects are needed in future meetings.

2.5
Impact on the coexistence study outcome

The impact on the coexistence study outcome can be quantified by comparing the maximum UE Tx power assumptions used in the coexistence study and those provided in this proposal. Table 2 below provides this comparison.
Table 2: Analysis of the impact on the coexistence study outcome

	Parameter
	Unit
	Coexistence study
	This proposal

	Number of UE antenna elements
	
	4
	4

	Polarization properties
	
	Dual-polarized
	Dual-polarized

	Single element gain
	dBi
	5.0
	3.0 to 5.0

	Gain variation with frequency
	dB
	0
	-1.0

	Array integration loss
	dB
	0
	-2.0

	Effective BF gain
	dB
	11.0
	6.0 to 8.0

	Single element input power per polarization
	dBm
	14.0 (1)
	14.0

	Dual polarization gain
	dB
	2.2
	2.2

	Beam pointing loss
	dB
	0.0
	0.0

	Pout EIRP total
	dBm
	33.2
	28.2 to 30.2

	NOTE: The coexistence study assumed 23 dBm total Tx power; in this table we calculate the input power per polarization


Observation 9: The total EIRP assumed for the coexistence study exceeds the example values provided in this paper, and we can conclude that the outcome of the coexistence study, which is based on a power level that can represent the upper range of the potential power class plus tolerance, is not impacted.
3
Conclusions

This paper has shared our views of the following aspects: power class definition, example UE output power values, and spherical coverage aspects. The following observations and conclusions have been made:
Observation 1: We note that when forming a CDF of gain values measured on a sphere around the DUT, care should be taken to correctly scale the probability mass of each measurement. Assuming a measurement grid of equally distributed points across theta (elevation) and phi (azimuth) angles, the probability mass of each measurement should be scaled by sin(theta) to avoid skewing the CDF toward the values near the poles.

Observation 2: During the random access procedure the RAN1 design assumes that the UE forms a beam for preamble transmission and that power ramping is supported (i.e. the UE performs RACH under closed loop power control conditions).

Observation 3: Because the RAN1 RACH design assumes that the UE may derive the UE Tx power using the most recent estimate of path loss and because the UE forms a beam for preamble transmission, the UE Tx power is expected to be a function of the power of the beam which the UE has formed for preamble transmission.

Observation 4: In CONNECTED mode, when performing NR-PUSCH procedures, open-loop and closed-loop power control is supported by the RAN1 design. Furthermore, beam specific power control has been selected as the baseline.

Observation 5: Because the RAN1 design for NR-PUSCH assumes beam specific power control, the UE Tx power is expected to be a function of the power of the beam which the UE has formed for NR-PUSCH.

Option 1: UE power class defined as EIRP and max TRP

Option 2: UE power class defined as EIRP and max TRP and min TRP

Observation 6: We note that the reference architecture diagram from TR38.803 may not align with the reference architecture used to define the power class and the associated requirements. For example, the number of distributed PAs may not be aligned with the NR SI feasibility study outcome.

Observation 7: The example UE output power values, as provided in Table 1, are prepared assuming a handheld UE application and boresight beam operation. Additional discussions on power class definition for other applications, such as fixed wireless access (FWA) terminal, are needed in future meetings. 

Observation 8: Further discussions on the definition of the power class requirement taking into account the spherical coverage aspects are needed in future meetings.

Observation 9: The total EIRP assumed for the coexistence study exceeds the example values provided in this paper, and we can conclude that the outcome of the coexistence study, which is based on a power level that can represent the upper range of the potential power class plus tolerance, is not impacted.
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For Range 2


Beamforming feature is expected to compensate the higher pass-loss. Since it is necessary to specify transmission power including antenna array gain from system performance point of view, it should be specified in EIRP. Spatial coverage requirement assuming full sphere with one power class will be specified as a baseline in Rel-15. After that, different UE types (e.g. laptop, vehicle) and other power classes will also be introduced to accommodate each use case. 


How to guarantee spatial coverage had been intensively discussed in SI phase. One of possible approaches is to use CDF to describe spherical coverage. On the other hand, there was also a concern that it couldn’t guarantee uniform surface density i.e. spatial bias. Although it was agreed for CDF method that each point represents equal surface area in sphere surrounding the UE, the advantage of this method and other possible approaches need further study.


How to specify different power classes had also been discussed for two approaches. One is to define power class based on EIRP considering link budget perspective. The other is to specify it by TRP considering potential power of the UE regardless of antenna configuration and/or operating mode. On top of them, TRP may need to be specified from regulatory point of view and to mitigate interference in co-channel. In light of this, necessity of TRP needs to be discussed in the WI phase.





Agreement: 


 Proposal: For CDF method, RAN4 method for describing spherical coverage of RF parameters is CDF where each point represent equal surface area in sphere surrounding the UE. 


Companies are encouraged to study the advantage of this CDF method.


The other method(s) are not precluded.





Agreement


UE must be able to produce certain EIRP


Powerclass definition includes upper limit for TRP which need to be met regardless of beamforming settings


Further details for power class definition are FFS





Both TRP and EIRP are considered for power class definition


EIRP can be peak, boresight or %-tile or minimum value


TRP can be max or min and max 


Max allowed EIRP for all UEs is 43 dBm for regulatory reasons


Companies are encouraged to provide input


For discussed issues mentioned in previous slides and their relevance for power class definition


Feasible UE output power values, both TRP and EIRP considering different implementations


Understanding of co-existence study outcome and impact to power class definition


Feasible definition and values for spherical coverage


Definition and values for power class and other in channel output power requirements will be decided in RAN4-NR#2 in Qingdao based on input





Agreements:


UE Tx beam(s) for preamble transmission(s) is selected by the UE.


During a RACH transmission occasion of single or multiple/repeated preamble(s) as informed by broadcast system information, UE uses the same UE Tx beam.





Agreements:


Update previous meeting as follows:


For NR RACH Msg. 1 retransmission at least for multi-beam operation:


NR supports power ramping. 


If the UE conducts beam switching, working assumption that one of the alternatives below will be selected (configurability between multiple alternatives may be considered if clear benefit is shown): 


Alt 1: the counter of power ramping is re-set.


Alt 2: the counter of power ramping remains unchanged.


Alt 3: the counter of power ramping keeps increasing. 


Alt 4: as proposed on slide 4 and illustrated on slide 5 in � HYPERLINK "../Docs/R1-1706613.zip" �R1-1706613�


Other alternatives or combinations of the above are not precluded.


If UE doesn’t change beam, the counter of power ramping keeps increasing.


Note: UE may derive the uplink transmit power using the most recent estimate of path loss.


The detail of power ramping step size is FFS.


Whether UE performs UL Beam switching during retransmissions is up to UE implementation


Note: which beam UE switches to is up to UE implementation





Agreements:


For NR-PUSCH at least targeting eMBB,


Open-loop power control based on pathloss estimate is supported.


Pathloss is estimated using DL RS for measurement


Fractional power control  is supported


FFS: Which DL RS(s) for measurement is used (The RS may be beamformed).


Closed-loop power control is supported, which is based on NW signaling.


Dynamic UL-power adjustment is considered


Further study on:


Numerology specific power control


e.g. numerology specific power control parameters


Beam specific power control parameters


Power control for other RSs and physical channels


Power control for grant free PUSCH if supported


Power control per layer (group)





Agreements:


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.





Agreements:


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
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