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1. Introduction
This contribution contains a text proposal for the UE maximum output power and the configured maximum power for 38-101-2. Associated text proposals for MPR and minimum output power are contained in [1] and [2]. 
2. Background
The text proposal below is based on a UE power class specified as EIRP and the Pcmax decoupled from the power class as proposed in [3]:
· the UE power class is defined in terms of the EIRP in the “peak” (either measured as “peak” in a beam-locked mode or e.g. a “high” percentage level with the CDF method);
· the UE power class is both lower bounded (the minimum requirement for the power class) and upper bounded (e.g. regulatory requirement, a limitation in dedicated signalling or in system information);
· the UE power class is band specific;
· the Pcmax is defined in the same plane of reference as the RSRP measurement under the assumption that the PL calculation for power control is transparent to the UE antenna gain;
· the Pcmax is not lower bounded (other than by OFF power);
· the Pcmax is measured in terms of TRP (Pumax);
· the Pcmax (Pumax) is upper bounded by the maximum TRP for directivity and indicated upper limits if present;
· the MPR is deducted from the min EIRP (peak direction) corresponding to a certain Pumax
It is assumed that the IE P-Max contains both a TRP and an EIRP upper bound as proposed in []. There may also be additional limits sent in dedicated signalling for power sharing (TBD in the text proposal below).

The proposed Pcmax definition is consistent with Approach B in the RAN1 reply LS [4]:

RAN1 discussed agreements (2-3) on Pcmax and RSRP/CSI-RSRP measurements, and the following approaches are proposed;
Approach A): EIRP-based definition for Pcmax is used in RAN1 specification. 
· In order to make RAN1 power control framework compatible with this approach, transmit power of PUSCH/PUCCH/SRS/PRACH should be specified as EIRP.
· NR power control equations also need to take into account UE beam directivity factor. However, RAN1 is not sure about the availability/accuracy of UE beam directivity estimation. 
 
Approach B): A Pcmax similar to LTE (e.g., based on TRP) is used in RAN1 specification. 
· This approach is compatible with  RAN1 power control framework and transmit power of PUSCH/PUCCH/SRS/PRACH can be specified in a similar way as LTE.
that does not require estimation of UE beam directivity estimation.  
In the absence of antenna connectors, the Pcmax is verified by measuring the TRP of the UE beam in the connected beam pair; the measurement is denoted Pumax for which upper limits apply. A description of the relation between reported (Pcmax) and measured quantities (Pumax) should be included in a general section.  
The test proposal is explained below with inserted guidance. The text in yellow highlight is included in a companion text proposal.

6.2.2
UE maximum output power

6.2.2.1
UE Power class

The maximum output power (EIRP) for any transmission bandwidth within a channel bandwidth shall be in accordance with the UE power classes defined in Table 6.2.2.1-1. For each UE power class supported, the [peak EIRP] for [any UE beam] shall exceed EIRPmin subject to a maximum TRP of TRPmax. [The measurement of the UE maximum output power is TBD.]
Table 6.2.2.1-1: UE Power Class 

	NR operating band
	Power Class 1

	
	EIRPmin
	TRPmax

	n257
	
	

	
	
	

	
	
	


< peak EIRP can be the “peak” measured in beam-locked mode or a >90% percentile using the CDF >

The requirements in Table 6.2.2.2-2 apply for each operating band listed regardless of power class and operating mode.

Table 6.2.2.2-2: additional requirement on maximum EIRP

	NR operating band
	EIRPmax

	n257
	

	
	


< e.g. the +43 dBm regulatory limit or MPE limit, band specific >

6.2.2.2
Additional requirement on EIRP (coverage efficiency)

< the coverage percentiles measured with the CDF method >
6.2.3
Allowed reduction of the UE maximum output power [general]
< the following is included in a companion text proposal, included here for illustration >
For certain waveforms, a reduction of the maximum output power is allowed for compliance with the unwanted emissions requirements specified in [ACLR, SEM and Transmit Signal Quality]. The maximum power reduction (MPR) allowed is


TRPref-wf – TRPtest-wf ≤ MPR [dB]

where TRPref-wf is the maximum TRP measured when the UE is transmitting a reference waveform defined by [Table 6.2.3-1] and TRPtest-wf the maximum TRP measured for the waveform under test [a combination of modulation and transmission bandwidth as specified in Table 6.2.3-2].
[Table 6.2.3-1: reference waveforms for allowed MPR] 

	Reference waveform

[index]
	Waveform type

(reference)
	[Channel bandwidth and SCS]
	[RB allocation and modulation order]
	[Notes]

	
	
	
	
	


[Table 6.2.2-2: test waveforms and allowed MPR] 

	Waveform type (test)
	[Channel bandwidth and SCS]
	[RB allocation and modulation order]
	Reference waveform

[index]
	MPR

	
	
	
	
	


For Power Class [A], the minimum requirement on the [peak EIRP] as specified in sub-clause 6.2.2 is reduced such that  


[peak EIRP] ≥ EIRPmin – MPR 

with EIRPmin is defined in sub-clause 6.2.2.
< possibly also reduce the maximum TRPmax by MPR to keep the requirement on the minimum directivity >

6.2.4
Allowed reduction of the UE maximum output power [A-MPR]
6.2.5
Configured maximum output power

The UE can configure its maximum output power. The configured maximum output power PCMAX,c for a serving cell c is defined as that available to the union of all the antenna elements of the UE from which signals are transmitted for beamforming purposes. In case several transmitter branches are used for UL transmissions, the configured maximum output power is the sum over the configured maximum power levels available to each branch.
The PCMAX,c shall be set such that the corresponding measured total radiated power PUMAX,c is restricted by


PUMAX,c ≤  PUMAX_H,c
where


PUMAX_H,c = MIN{PEMAX,c, TRPmax, TBD}

< the PCMAX,c is used in the power control equations and for the PHR, the PUMAX,c is the measured PCMAX,c in the absence of antenna connector >

< the PEMAX,c is assuming that IE P-Max contains both a TRP- and an EIRP limit, any other upper limit sent in dedicated signalling is TBD >
< no lower limit on PUMAX,c >
with PEMAX,c the TRP limit indicated in the IE P-Max and TRPmax the maximum TRP for the UE Power Class as specified in Clause 6.2.2, and furthermore be set such that the corresponding [peak EIRP] is within the following bounds


EIRPmin – MPR ≤ [peak EIRP] ≤ MIN{EIRPEMAX,c, EIRPmax, TBD}

< assuming that IE P-Max contains both a TRP- and an EIRP limit for limiting the UE output power >
with EIRPmin the minimum EIRP and EIRPmax the maximum EIRP for the UE Power Class as specified in Clause 6.2.2, MPR as specified in Clause 6.2.3 and EIRPEMAX,c the EIRP limit indicated in the IE P-Max.
3. Proposal

It is proposed that the text proposal below is included into the latest version of 38.101-2. Some of the notions are not yet defined and therefore put in between square brackets.
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TEXT PROPOSAL:

< start of text proposal >

6
Transmitter characteristics

6.1
General

Detailed structure of the subclause is TBD.

6.2
Transmitter power

Detailed structure of the subclause is TBD.
6.2.1
General

Requirements on transmit power are defined in terms of EIRP (effective isotropic radiated power), power levels at a specified plane of reference and combinations of EIRP and the said power levels. [In the absence of antenna connectors ‘power levels at plane of reference’ is measured as TRP.]
6.2.2
UE maximum output power

6.2.2.1
UE Power Class
The maximum output power (EIRP) for any transmission bandwidth within a channel bandwidth shall be in accordance with the UE power classes defined in Table 6.2.2.1-1. For each UE power class supported, the [peak EIRP] for [any UE beam] shall exceed EIRPmin subject to a maximum TRP of TRPmax. [The measurement of the UE maximum output power is TBD.]
Table 6.2.2-1: UE Power Class 
	NR operating band
	Power Class [A]

	
	EIRPmin                      [dBm]
	TRPmax                          [dBm]

	
	
	


The requirements in Table 6.2.2.2-2 apply for each operating band listed regardless of power class and operating mode.
Table 6.2.2-2: Additional requirement on maximum EIRP [regulatory] 

	NR operating band
	EIRPmax                                            [dBm]

	
	


6.2.2.2
Additional requirement on EIRP (coverage efficiency)
< text to be added >
6.2.3
Allowed reduction of the UE maximum output power [general]
< text to be added >
6.2.4
Allowed reduction of the UE maximum output power [additional]

< text to be added >
6.2.5
Configured transmitted power
The UE can configure its maximum output power. The configured maximum output power PCMAX,c for a serving cell c is defined as that available to the union of all the antenna elements of the UE from which signals are transmitted for beamforming purposes. In case several transmitter branches are used for UL transmissions, the configured maximum output power is the sum over the configured maximum power levels available to each branch.
The PCMAX,c shall be set such that the corresponding measured total radiated power PUMAX,c is restricted by


PUMAX,c ≤  PUMAX_H,c
where


PUMAX_H,c = MIN{PEMAX,c, TRPmax, TBD}

with PEMAX,c the TRP limit indicated in the IE P-Max and TRPmax the maximum TRP for the UE Power Class as specified in sub-clause 6.2.2, and furthermore be set such that the corresponding [peak EIRP] is within the following bounds


EIRPmin – MPR ≤ [peak EIRP] ≤ MIN{EIRPEMAX,c, EIRPmax, TBD}

with EIRPmin the minimum EIRP and EIRPmax the maximum EIRP for the UE Power Class as specified in sub-clause 6.2.2, MPR as specified in sub-clause 6.2.3 and EIRPEMAX,c the EIRP limit indicated in the IE P-Max.
< end of text proposal >
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