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1 Background

According to the way forward [1] for the UE power class for mmW, “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”. In this contribution we propose definitions that also account for the power-control relations to be specified in 38.213 after a discussion of the options.
The main difference between the proposals for the defition of the power class for mmW bands is that 
· one is setting a minimum requirement on the EIRP and the minimum antenna directivity

· the other is setting a requirement on the minimum power delivered to the antenna system

· a third is setting a requirement on the EIRP only
see also [1] for references. These options have been discussed mainly from perspectives of antenna and front-end implementation flexibility, unwanted emission and coverage (EIRP) requirements. 
From an antenna design perspective, a requirement on peak EIRP there may perhaps give greater flexibility compared to a requirement on the conducted output power + antenna efficiency (TRP), but this also depends on the actual EIRP requirement. However, if the definition also includes a requirement on the max TRP, which implies a requirement on the UE antenna directivity for all types of transmissions that is governed by the power class, this may be an even stricter restriction on the antenna design depending on the requirements specified.

The aspect are all important in themselves, but the power class must also be consistent with the power metric used for limitations of the UL output power specified in the power-control equations. 
In [2] we discuss the relation between the the definition of the Pcmax,c and the UE power class for mmW bands, the main conclusions are 
· if in the 38.213 the Pcmax,c is defined as an output power limitation at the UE antenna ports also for mmW, then a definition of the UE power class in terms of TRP and a verification of Pcmax,c in terms of TRP are more appropriate (related to the conducted power and independent of direction); 

· if the power-control equations in 38.213 is defined in terms of the EIRP, on the other hand, this would necessitate a definition of the UE power class in terms of EIRP unless this can be converted to TRP by an offset (directivity).

RAN1 has not yet decided if power-control equations for mmW will be expressed in terms of radiation (EIRP) or conductive metrics, but it appears that the DL path-loss estimate will be transparent to the antenna BS and UE antenna gains, which could indicate a requirement on the (total) output power at the antenna ports (then the plane of reference).
Power-control equations and limits defined in terms of EIRP might be more challenging in case the available power at the antenna ports has to be converted to an EIRP by an agreed “offset” term representing the transmit-antenna gain (or directivity) for the particular type of transmission (e.g. PUSCH). There is a perception that the UE can estimate its operating TX antenna gain under live conditions (i.e. not in a measurement chamber), we disagree with this. But the UE can internally measure its conducted power delivered to the antenna ports (within some degree of accuracy depending on coupling etc). However, there may be other methods for arriving at an EIRP of the desired UL transmission.
A power-class definition in terms of TRP is not without difficulties either: the (minimum) antenna efficiency relevant for a mmW band must be agreed, for example. 
2 Power-class in terms of a TRP range
2.1 Definition and characteristics
The main arguments by proponents of a definition in terms of a TRP range have been that the UE power capability is specified independent of beamforming or transmission type, and that a lower limit at which the unwanted emissions requirements such as ACLR shall be met. 
A TRP definition is more appropriate if the power-control equations are specified in terms of the (conducted) output power at the antenna ports [2]. Moreover, RAN1 is considering waveform-specific power control for which the power available at the antenna port may be more relevant.

The TRP is mre related to the conducted power available at the antenna ports and would therefore also give requirements on the requisite PA size. However, the latter has also been views as a limitation of UE implementation flexibility and antenna design. The concern has a been the requirement on a lower limit of the TRP for a power class, which mandates a certain available PA power at the antenna ports. To resolve this, the UE could declare compliance with one of several power classes defined per mmW band; the lower power class would allow lower PA power and flexibility of using the antenna design to achive the requisite EIRP. The proposal in short:
· a UE power class is defined by 
· min TRPPC = nominal TRPPC - |lower tolerance|
· max TRPPC = nominal TRPPC + |upper tolerance|
· an EIRP requirement applies per power class; can be specified for more than one BF mode per power class 
· each EIRP requirement is associated with a ’max TRP allowed’; the EIRP metric is TBD  
· implies requirement on min ’directivity’ = ’min EIRP required’ – ’max TRP allowed’ for reducing co-channel interference for the BF mode 
· a max EIRP (regulatory) may apply for all power classes of a band
as illustrated in Figure 1.
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Figure 1: power class defined as a TRP range with an associated requirement on the EIRP.
The specification would then look like follows (the numbers just for illustration and a lower and upper tolerance value are specified for the TRP)
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)

	“28 GHz”
	14 dBm
	TBD
	20 dBm
	TBD

	
	
	
	
	


6.2.2.2
Additional requirement on EIRP

(only for mmW bands and for a particular UL “beamforming mode” subject to the indicated UE capability)

Table 6.2.2.2-1: additional requirement on minimum EIRP (coverage efficiency)
	Band
	Class 1 (dBm)
	Class 2 (dB)

	“28 GHz”
	TBD
	TBD

	
	
	


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
	Band
	Maximum

EIRP (dBm)

	“28 GHz”
	43 dBm

	
	


2.2 The Pcmax,c and PHR
It is anticipated that RAN4 will specify a range for the Pcmax,c to be cited in the 38.213 that specifies the UL power control:

Pcmax,c,low < Pcmax,c < Pcmax,c,high
This could possibly be the power available at the antenna ports, but verified in terms of TRP as discussed in [2]. The PHR should be consistent with the power control equations (relative to either a conducted or a radiation power metric such as EIRP).
3 Power class in terms of min EIRP and max TRP (directivity)
3.1 Definition and characteristics
The main arguments for proponents of a definition in terms of a minimum EIRP and maximum TRP has been that EIRP is relevant for beamforming, and that a minimum directivity directivity is mandated for all transmissions in order to minimize the co-channel interference in according with the coexistence study for WP5D. In short, a specification of a Ppowerclass,EIRP such that 
· EIRPmax > Ppowerclass,EIRP with EIRPmax the maximum EIRP attained for a UE beam
· EIRPmax < EIRPhigh with EIRPhigh any regulatory limit
· TRPmax < TRPhigh with TRPmax the TRP corresponding to the EIRPmax 
The power-class implicitly specifies minimum directivity Ppowerclass,EIRP – TRPhigh that must be met for all transmissions for which the power class applies. The maximum EIRP could be specified and measured as a percentage in a CDF measurement or defined in a certain direction.

Concerns has been raised that the directivity requirement implies a constraint on the minimum beamwidth of the lobe for all transmission types, i.e.:
· same directivity (beam) for PUSCH, PUCCH, SRS and PRACH?
Hence this also implies a minimum beamwidth of PRACH transmissions if the same power class applies, and the output power available at the antenna ports may be different for PUSCH, PUCCH, SRS and PRACH, which is a complication if the power-control equations in 38.213 are defined as the conducted power at the antenna ports. Moreover, the specification and verification of the EIRP is not straightforward since the EIRP depends on the direction. Verification using beam sweeping might not be appropriate for beam-specific power control
If the power-control equations and the Pcmax,c are defined in terms of EIRP, however, then a power class definition in terms of EIRP is necessitated (unless there is a fixed conversion to a TRP by means of a fixed “offset” or directivity). The specification would then look like follows: 

6.2.2
UE maximum output power
6.2.2.1
UE Power class
The following UE Power Classes define the maximum output power (equivalent isotropic radiated power and total radiated power) for any transmission bandwidth within the channel bandwidth. The period of measurement shall be at least TBD [measurement procedure for EIRP]
Table 6.2.2.1-1: UE Power Class 

	Band
	Minimum EIRP

Class 1 (dBm)
	Maximum TRP

Class 1 (dBm)

	“28 GHz”
	TBD
	TBD

	
	
	


The requirements in Table 6.2.2.1-2 apply for each operating band listed regardless of power class and operating mode.

Table 6.2.2.1-2: additional requirement on maximum EIRP
	Band
	Maximum

EIRP (dBm)

	“28 GHz”
	43 dBm

	
	


In the test of unwanted emissions it should be ensured that the UE is always operated at maximum PA power (conducted power at the antenna ports).
3.2 Pcmax and PHR
For a power-class definition in terms of EIRP, it is also anticipated that RAN4 will specify a range for the Pcmax,c to be cited in the 38.213 that specifies the UL power control:

Pcmax,c,low < Pcmax,c < Pcmax,c,high
This would have to be verified in terms of EIRP as discussed in [2]. The PHR should be consistent with the power control equations.
4 Proposal
We propose that
1. if the power-control equations in 38.213 will be transparent to the BS and UE antenna gains and the UL output power is specified at the antenna ports, the UE power class is defined in terms of a range of TRP;
2. more than one power class can be considered per operating band in case of a TRP definition for greater implementation flexibility;
3. if the power control equations in 38.213 are defined as EIRP, the the UE power-class is defined in terms if EIRP definition, unless there is a “fixed” relation between the directivity and the EIRP whence a TRP definition could be used.
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