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1. Introduction

In the last several meetings RAN4 discussed the NR power class definition for cmW and mmW. A WF in [1] has been agreed. In this contribution we are presenting a new power class definition approach in order to align with RAN1 specification as much as possible an enable further progress in RAN4 output power related requirements.
2. Discussion

In RAN1 simulations assumptions the UE Rx beam-forming gain is included in the RSRP measurements and thus in the path-loss calculation. The physical layer is implicitly accounting for the UE beamforming capability. Moreover, in the present draft specification 38.215 the RSRP measurement reference point is set to the UE antenna port. This is true for the sub-6Ghz range, but for the above 6Ghz range this statement still has to be validated by RAN4. Since there is no UE antenna port for a clear testable reference point in the cmW or mmW range, we can call this a virtual antenna port from now on for the sake of this discussion.

In RAN4 ad-hoc #2 from June, 2017, in the RRM session the following agreement has been made (see the RRM meeting session minutes):

Agreement: for RSRP and CSI-RSRP definitions for NR
· The RSRP and CSI-RSRP definition should include Rx beamforming gain for OTA 
· For conducted, the reference point for definition can be antenna connectors.
· FFS whether the definition should be differentiated across frequency ranges
· FFS whether to include averaging in time domain in the definition:
· FFS whether RSRP definition should be per SS block, per beam, or per cell
· FFS whether CSI-RSRP definition should be per cell or per beam
The first bullet confirms the RAN1 simulation assumptions, while this imply that the path-loss calculation reference point would be the UE virtual antenna port.

Observation 1: In both RAN1 and RAN4 the RSRP measurement assumptions include the antenna Rx beamforming gain.

This may imply that RAN1 is still using a kind of conducted power that may have to be calibrated with RAN4 requirements. Still, if beamforming is used, it is the EIRP that RAN4 has to test.
2.1 The LTE UL configured antenna port concept
In 36.213 specification, in the uplink power control sub-clause 5.1 we can read:
5.1
Uplink power control

Uplink power control controls the transmit power of the different uplink physical channels. 

If a UE is configured with a LAA SCell for uplink transmissions, the UE shall apply the procedures described for PUSCH and SRS in this clause assuming frame structure type 1 for the LAA SCell unless stated otherwise.

For PUSCH, the transmit power 
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 defined in Subclause 5.1.1, is first scaled by the ratio of the number of antennas ports with a non-zero PUSCH transmission to the number of configured antenna ports for the transmission scheme.  The resulting scaled power is then split equally across the antenna ports on which the non-zero PUSCH is transmitted. 

For PUCCH or SRS, the transmit power 
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 is split equally across the configured antenna ports for PUCCH or SRS. 
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defined in Subclause 5.1.3.
In the highlighted text we can read that even in LTE we have the notion of UE UL antenna ports where the power is shared equally.

Observation 2: LTE specification already has the concept of the UE antenna ports for the uplink power control.
We can imagine that these ports would still be there for the NR technology and the uplink power control section will look similarly. These ports may be antenna panels in the NR age. But we don’t have to specify the number of them as long as we can rely on RAN1 abstraction model.

2.2 NR power class measurability
We believe that a testable power class defined in terms of EIRP and some kind of TRP, is required as a first step in definition of the Pcmax that should be as well testable.

Observation 3: An abstraction layer model that can be based on a number of ports (used only in RAN1 specification) and a proper definition of the power class in terms of EIRP and a kind of TRP is required.
With the above assumption we can further elaborate on a measurable maximum power quantity. In our opinion, this quantity can be viewed as an equivalent composite power that may be reached by any Tx RF architecture.
Observation 4: With the above assumptions, the UE maximum output power quantity can be measured as an UE Tx equivalent composite maximum power.
The equivalent composite maximum output power is an abstract term that can be applicable to any RF architecture in the following way:
· The Equivalent Composite Maximum Output Power can be defined as a TRP quantity as follows:

Proposal 1: The Equivalent Composite Maximum Output Power is defined as the measured TRP of a zero MPR waveform with full channel bandwidth allocation transmitted in Omni-directional mode at full UE power capability. For dual polarization the power is equally scaled over both polarizations.
2.3 Power class definition in the context of NR 
With the above definition of the Equivalent Composite Maximum Output Power in terms of TRP we can define the power class of a UE as follows:
· The EIRP part:

· Minimum EIRP and the regulatory maximum EIRP

· The TRP part:

· The Equivalent Composite Maximum Output Power with a minimum and optionally a maximum value(s)
Proposal 2: Define the UE power class for the cmW and mmW range as:

·  The EIRP part:

· Minimum EIRP and the regulatory maximum EIRP

· The TRP part:

· The Equivalent Composite Maximum Output Power with a minimum and optionally a maximum

2.4 How to test the UE Power Class and the MOP
EIRP test significance:

With the above definition, the minimum EIRP will be tested using the CDF method and is the beamforming capability of the UE. The maximum EIRP has to be tested for the regulatory compliance.
TRP test significance:

Minimum TRP power is a warrant that for Omni-directional transmitted signals, which we cannot preclude (possibly SRS or even PRACH), will have enough radiated power. The maximum TRP level may be needed to limit the system uplink interference and ensure a proper and efficient UE antenna design.

2.5 Power Class tolerance

The Power class tolerance can be applied to the Equivalent Composite Maximum Output Power and tested at the TRP level. The TRP test can be done at the near field - far field border. The test distance can be based on a manufacturer declaration since it is related to the antenna design.
Proposal 3: The Power class tolerances shall be applied to the Equivalent Composite Maximum Output Power.
3. Conclusion 

In this contribution we discussed the Power Class definition for the cmW and mmW spectrum ranges.

Observations and proposals:
Observation 1: In both RAN1 and RAN4 the RSRP measurement assumptions include the antenna Rx beamforming gain.

Observation 2: LTE specification already has the concept of the UE antenna ports for the uplink power control.

Observation 3: An abstraction layer model that can be based on a number of ports (used only in RAN1 specification) and a proper definition of the power class in terms of EIRP and a kind of TRP is required.
Observation 4: With the above assumptions, the UE maximum output power quantity can be measured as an UE Tx equivalent composite maximum power.
Proposal 1: The Equivalent Composite Maximum Output Power is defined as the measured TRP of a zero MPR waveform with full channel bandwidth allocation transmitted in Omni-directional mode at full UE power capability. For dual polarization the power is equally scaled over both polarizations.
Proposal 2: Define the UE power class for the cmW and mmW range as:

·  The EIRP part:

· Minimum EIRP and the regulatory maximum EIRP

· The TRP part:

· The Equivalent Composite Maximum Output Power with a minimum and optionally a maximum

Proposal 3: The Power class tolerances shall be applied to the Equivalent Composite Maximum Output Power.
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