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1 Background

In this contribution we propose the metric for the OTA specification of the UE maximum output power (MOP) and the corresponding definition of the UE power classes. According to the Summary of SI agreements on UE RF aspects in [1] the open issues in these areas are:
	Tx maximum output power
	1
	· At least conductive test is needed.
	·  
	· Conducted value

· Conducted tolerance

· Power sharing mechanism with LTE in NSA if specified

	
	2
	· At least EIRP is used as a metric

· Develop requirements for one power class as priority
· After requirements are understood for one PC, then, other PCs will be added.
· Develop different spatial coverage requirement. Smartphone (i.e. Full sphere) is the baseline of UE types in Rel-15

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

· To study the advantage of this CDF method.

· The other method(s) are not precluded.
	· 
	· EIRP value

· EIRP tolerance

· How to categorise the UE type with different spatial coverage 

· Necessity of TRP considering regulation and/or 3GPP point of view

· How to specify different power classes depending on “TRP or EIRP” and band dependency

· Necessity of power sharing mechanism with LTE in NSA


The SI agreement is to use at least EIRP as a metric and consider the necessity of using TRP in addition. We propose the converse instead: use TRP as the metric for defining the MOP and consider an additional requirement on the minimum EIRP to address the UL coverage aspect. Use of TRP for an OTA specification (as required above 24 GHz) of MOP is more consistent with the conventional conductive specification that we use as a reference and consider first.
2 Power class (conductive requirements)
The power class defines the power capability of the UE and the maximum power at which the unwanted emission limits are met. In the existing 3GPP specifications, the power class has been defined in term of a nominal maximum output power with a tolerance range. For each power class, the UE must 
1. exceed the lower limit (e.g. +21 dBm for PC3) for the specificed conditions
2. not exceed the maximum the upper limit (e.g. +25 dBm for PC3) for the specificed conditions 

3. meet the unwanted emissions requirements for all power levels of the power class (ACLR down to a minimum level), i.e. up to the upper tolerance limit.

The lower tolerance limit defines the power capability of the UE, whereas the upper limit is bounded by SAR limits and defines an upper limit at which the unwanted emissions levels specified in the 3GPP specifications should be met. Hence the 3GPP specifications (that are volontary) only mandates compliance with the said unwanted emissions up to the upper limit. 
The nominal maximum output power (e.g. +23 dBm for PC3) does not really matter from the viewpoint of the above, but is used for e.g. power calculations such as for Pcmax. The test tolerances of the power classes have to be studied further since verified by OTA measurements; the test tolerances for OTA measurements may be larger than the corresponding for conductive requirements.
3 Power class (OTA requirements)
It is assumed that at least EIRP will be used for the specification of the power class [1] for the mmW bands. However, it may be more relevant to define the power class in terms of TRP and then specify an additional requirement on EIRP that is limited by regulations in some bands and related to the Maximum Permissible Exposure (MPE). For the unwanted emissions are measured as TRP and must be met regardless of operating mode and antenna configuration. Therefore it is relevant to specify the unwanted emissions limit up to a maximum TRP per power class. Moreover, the ACLR is a relative requirement with regard to the total transmitted power of the wanted channel, which should be measured using the same power metric. TRP may also be relevant for characterising the power capability of the UE for any operating mode such as e.g. for connection setup and UL beamforming for which modes the antenna configuration could be different. 
In some operating bands (also below 6 GHz), the average output power is limited by regulation. The allowed output power is often specified as an EIRP limit that may depend on the type of application, e.g. for the 27.5-28.35 GHz band in the US, a maximum EIRP of +43 dBm for mobile application and +55 dBm for FWA applications (CPE). These EIRP limits are thus the same for all power classes for each application. 
For mmW bands the power classes could be defined in terms of a “nominal” TRP limit with a tolerance range similar to the conducted requirements. For each power class, the UE must

1. exceed the lower tolerance TRP limit for “all” operating modes 
2. meet the unwanted emissions requirements for all power levels of the power class (ACLR down to a minimum level), i.e. up to the upper tolerance TRP limit
subject to any maximum EIRP output power limit as specified by regulations. The lower tolerance TRP could vary within the operating band. Similar to the existing conductive requirements for below 6 GHz operations, the upper tolerance TRP would define an upper limit for which the unwanted emissions as specified in the 3GPP specifications should be met for ech power class. Unlike for below 6 GHz, the upper TRP limit is not relevant for regulatory requirements on radiation; the EIRP limit is more relevant for MPE.
The TRP should be measured in “free space” without any phantom.

4 Regulatory EIRP limits for all power classes
Besides power limits for devised for coexistence with other users/services, the EIRP limitation is also relevant for ensuring compliance with the permissible exposure that are specified in terms of allowed field strength and (radiation) power density. In [2] the FCC limits on MPE are summarized:
(d)…. Measurements and calculations to demonstrate compliance with MPE field strength or power density limits for devices operating above 6 GHz should be made at a minimum distance of 5 cm from the radiating source.
[…]

(3) At operating frequencies above 6 GHz, the MPE limits shall be used in all cases to evaluate the environmental impact of human exposure to RF radiation as specified in §1.1307(b).

[…]
Table 1—Limits for Maximum Permissible Exposure (MPE)

	Frequency range
(MHz)
	Electric field strength
(V/m)
	Magnetic field strength
(A/m)
	Power density
(mW/cm2)
	Averaging time
(minutes)

	(A) Limits for Occupational/Controlled Exposure

	0.3-3.0
	614
	1.63
	*100
	6

	3.0-30
	1842/f
	4.89/f
	*900/f2
	6

	30-300
	61.4
	0.163
	1.0
	6

	300-1,500
	
	
	f/300
	6

	1,500-100,000
	
	
	5
	6

	(B) Limits for General Population/Uncontrolled Exposure

	0.3-1.34
	614
	1.63
	*100
	30

	1.34-30
	824/f
	2.19/f
	*180/f2
	30

	30-300
	27.5
	0.073
	0.2
	30

	300-1,500
	
	
	f/1500
	30

	1,500-100,000
	
	
	1.0
	30


f = frequency in MHz * = Plane-wave equivalent power density
One complication is that the limits should be measured/calculated at 5 cm distance, which may not always be in the far-field region where EIRP would be applicable. The power density limit is a plane-wave equivalent -- local plance wave being one of the far-field criteria – and this could possibly be converted to an EIRP requirement.
These limits are obviously the same for all power classes in the applicable frequency range. 
5 Minimum EIRP and coverage efficiency
A minimum requirement on the EIRP has been proposed for ensuring UL spherical coverage in the mmW-bands [3]. The requirement would be specified as one or several CDF percentiles of the EIRP and would be specific to each power class. Presumably, the EIRP requirement would have to be specified for a particular operating mode, e.g. for a particular UL MIMO mode. The TRP is in fact the estimated “mean EIRP” of the “EIRP distribution” (as described by the CDF) for any mode of operation. 
In addition to a minimum EIRP requirement, a maximum limit on the TRP in conjunction with the above minimum EIRP has been proposed [4] for making sure that the antenna lobe is ‘sufficiently’ narrow. This maximum limit on the TRP is thus not related to the unwanted emissions requirements or the maximum power capability discussed in Section 3. 
One way to address the coverage at mmW could be the specification of an additional requirement on a minimum EIRP for each power class, where the latter is defined in terms of TRP subject to regulatory limits on (maximum) EIRP. This additional requirement would not define the power classes, but be specified as a “coverage efficiency” e.g. at a CDF percentile significantly different from that corresponding to the “mean EIRP” -- that is the TRP - and verified for a particular mode supported by all UEs. 
6 Proposal
It is proposed to specify a power class in terms of a nominal TRP with a tolerance

1. the lower tolerance TRP defining the minimum power capability (may vary within the operating band) 
2. an upper tolerance TRP defining the maximum TRP at which the specified unwanted emissions (as specified by 3GPP) applies

subject to any maximum output requirement (EIRP) applicable for the operating band.
A minimum requirement on the EIRP for verification of the “coverage efficiency” in free space could be specified as an additional requirement for each power class. The specification would then look like follows (numbers just for illustration):
6.2.2
UE maximum output power
6.2.2.1
UE Power class
The following UE Power Classes define the maximum output power (transmitted radiated power) for any transmission bandwidth within the channel bandwidth. The period of measurement shall be at least TBD.

Table 6.2.2.1-1: UE Power Class 
	Band
	TRP

Class 1 (dBm)
	Tolerance (dB)
	TRP

Class 2 (dBm)
	Tolerance (dB)
	Maximum EIRP (dBm)

	“28 GHz”
	20 dBm
	±2
	
	
	43

	
	
	
	
	
	


6.2.2.2
Additional requirement on EIRP

(only for mmW bands and for a particular UL “beamforming mode”)
Table 6.2.2.2-1: additional requirement on minimum EIRP (coverage efficiency)
	Band
	Class 1 (dBm)
	Class 2 (dB)

	“28 GHz”
	27 dBm
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