TSG-RAN Working Group 4 (Radio) meeting #83
  R4-1705107
Hangzhou, China, 15 – 19 May 2017


Source:
Ericsson, Sony
Title:
UE power classes for 28 GHz
Agenda item:
10.4.3.1
Document for:
Discussion
1 Background

In this update of [1] we continue the discussion on possible power classes in the 28 GHz frequency range 24.25-29.5 GHz (the band arrangement is TBD). The power classes are based on a definition in terms of TRP with an additional requirement on the EIRP for the mmW bands as reiterated in [2]. Two classes are considered: one for smaller form factors and low power consumption and a higher power class for larger phablets and devices with larger batteries.
We only consider the NR part recognising that the UE may or may not be operated in NSA mode (DC with LTE).
2 Definition of power class
For mmW bands the power classes should 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 (nominal value – lower tolerance)
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 (nominal value + upper tolerance)
subject to any maximum EIRP output power limit as specified by regulations (for the range 27.5-28.35 GHz in the UE the EIRP is limited to +43 dBm for mobile applications and +55 dBm for fixed applications). 
The lower tolerance TRP could vary within the operating band and indicates the power capability of the device, the actual value also depend on the frequency arrangement (passband width) of the frequency band(s) specified in the 28 GHz range.

Similar to the existing conductive requirements for below 6 GHz operations, the upper tolerance TRP defines an upper limit for which the unwanted emissions as specified in the 3GPP specifications should be met for each power class. Hence the ACLR, UE spectrum emissions mask and spurious emissions mask ultimately specified will determine the feasible nominal TRP for the power classes. MPR may be allowed in order to meet these requirements.
3 Reference architecture
We use the TX reference architectures contained in TR 38.803 and the link-budget considerations in [1] for disussing the possible power classes. Figure 1 shows the said reference architecture with a hybrid UL beamforming and groups of 2 or 4 antenna elements. The analogue beam forming circuits are located before the PA to minimize the insertion loss. 
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Figure 1: UE TX architecture and an example antenna arrangement.
The TRP is essentially the product of the (total) conducted output power and the antenna efficiency. For a power class corresponding to 23 dBm nominal conducted total output power the nominal TRP would be of the order of 20 dBm if we assume an antenna efficiency down to -3 dB for the nominal power. The antenna efficiency for three types of single antenna elements are shown in Figure 2 assunming that these elements are tuned to 28 GHz. An antenna efficiency less than -3 dB could be covered in the lower lower tolerance relative to the nominal TRP.
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Figure 2: antenna efficiency (ratio of TRP and conducted input power) for three antenna types at 24-31 GHz.

Before discussing the necessary PA output power we also consider additional losses of switches and filters between the PA and the antennas. We assume that the requirements would allow the example arrangement in Figure 3 with a low-pass filter of strip-line type before (or integrated with) the antenna element. This filter arrangement may at least be possible in larger form factors that can also support higher output powers. 
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Figure 3: Front-end filter arrangement.
The resulting IL of the filter after removal of adapter losses of 2 dB is around 1 dB [1] and with an assumed switch loss of 1 dB, which implies a 2 dB higher PA power for meeting a particular conducted output power and TRP.

In terms of PA power, for an antenna arrangement with two branches, the above implies +20 dBm + 2 dB nominal output power per PA at the ACLR specified corresponding to 23 dBm total output power including margin for filter and switch losses; +17 dBm + 2 dB for four branches. 
Simulated results for GaN and CMOS power amplifier models shown in Figure 4 indicate feasibility of power levels around 20 dBm with an ACLR requirement of 20 dBc [3]. 
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Figure 4: simulation of CMOS and GaN power amplifier models showing: ACLR as a function of output power (left) and PAE as a function ACLR (right).

The nominal values above are reasonable for larger form factors with larger batteries. For smaller form factors and designs for lower powe consumption a lower power class of the order of 14 dBm could be relevant; this would also allow smaller PAs in the design. 
The values discussed above are nominal. A lower tolerance would be applied to accommodate antenna efficiency variations across the 28 GHz band(s) ultimately specified. This tolerance can be compared to the 2 dB lower tolerance commonly assumed for LTE bands below 6 GHz and conductive requirements (e.g. 23 dBm – 2dB), but would not include allowance for measurement uncertainties. 

4 Power classes for 28 GHz

The UE architecture suggests a power class of a nominal TRP of 20 dBm for operations in the 24.25-29.5 GHz range (or possibly a sub-band of this). This would correspond to 23 dBm conducted output power with an ACLR of the order of 20 dBc and be relevant for larger form factors like phablets with larger batteries. The lower tolerance would depend on e.g. the band arrangement (acceptable variation of TX front-end frequency response and antenna efficiency for example).
In addition to the power class above, a lower power class with a nominal TRP around e.g. 14 dBm could be specified; this would be relevant for smaller form factors and designs for lower power consumption and heat reduction.
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
	TBD
	20
	

	
	
	
	
	


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”
	27
	

	
	
	


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

	
	


The EIRP may depend on the (spherical) coverage percentile agreed or coverage efficiency, but the maximum EIRP is expected to be 27-33 dBm for mobile devices with a total conducted output power of 23 dBm as reported in [4]. 
A TRP = 20 dBm class may also work for a CPE in a FWA application for which the antenna gain and hence the EIRP is higher. 
5 Conclusions
UE architectures for mobile applications in the 28 GHz range discussed in this contribution suggests two power classes: one lower power class possible with a nominal TRP around 14 dBm (lower power consumption, reduced heat dissipation and smaller form factors) and another class with a nominal TRP around 20 dBm (larger phablets, larger batteries and form factors ). The latter could also work for a CPE. 
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