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1 Background

In this update of [1] we refine the proposal of a definition of the UE power classe in terms of the TRP complemented by an additional requirements on the EIRP to address the coverage aspect. 
According to the Summary of SI agreements on UE RF aspects in [2] the open issues on the maximum output power 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


Futher to this, RAN4#82bis agreed a WF in [3] according to which
· Maximum TRP

· Minimum EIRP

be defined for the power class but that other metrics my also be considered. However, the agreements of the said WF are not sufficient: a power class definition in terms of both the maximum TRP and a minimum EIRP would imply a requirement on the minimum directivity and hence a particular antenna arrangement and antenna element type. To give an example: Figure 1 shows the results presented in [4] targeting the co-existence study assumption of 11 dB peak gain at 28 GHz. This would mean that the power class definition for the 28 GHz range or parts thereof is tied to the use of patch antennas in a particular array arrangement.
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Figure 1 Antenna array gain vs frequency
A power class defined both the maximum TRP and a minimum EIRP as displayed in Figure 1 could indeed be verified: send UP commands in the power control until the EIRP (or radiation intensity at or near boresight) stops increasing and then measure the unwanted emissions (ACLR) at whatever TRP that is achieved below the maximum allowed. However, the UE power capability and its compliance with the unwanted emissions requirements for other beamforming modes for any given antenna arrangement would not be specified. 
A power class definition in terms of TRP would be more general: a requirement on the minimum TRP that applies regardless of the beamforming mode would indicate the power capability of the UE, while a maximum TRP specifies the maximum power level at which the unwanted emissions requirements apply. In addition, the maximum TRP would give a requirement on the directivity if used together with an additional requirement on the EIRP as advocated in [5], but the EIRP should not itself define the power class.
2 UL beamforming modes to be covered by a power class defintion
There may be several precoding options that will/might produce different EIRP for any given TRP; the UE will indicate different capabilities on the number of spatial layers (implying different number of antenna ports) to be supported in the UL. According to the TR 38.912,  
8.3.1.6.1
Beam management and CSI acquisition
For UL CSI acquisition, UE can be configured with multiple SRS resources, where UE can be configured to transmit SRS in each configured SRS resource. In NR, UE reports its capability regarding the max number of spatial layers for UL transmission. NR supports UL codebook for an UE based on the reported capability. At least, one of the followings is supported.
-
Alt1: Network configures multiple codebooks each corresponding to the number of antenna ports

-
Alt2: Network configures a scalable/nested codebook supporting the variable number of antenna ports

-
Alt3: Network configures a codebook same as UE capability

-
Alt 4: UE recommends a subset of codebook(s)

-
This alternative may be absorbed into one or more the above alternatives
[…]
8.3.1.6.2
MIMO schemes

For NR, the number of codewords per PUSCH assignment per UE is 1 codeword for 1 to 4-layer transmission. 

The following aspects for UL MIMO transmission should be supported. Transmission schemes/methods for reciprocity calibrated UEs, reciprocity non-calibrated UEs, and non-reciprocity/partial reciprocity cases are considered.

-
At least the following candidate schemes/methods are supported for data.
-
Candidate 1: Codebook based transmission
-
Frequency selective precoding is supported for CP-OFDM when the number of transmission port(s) is equal to or greater than X.

-
Candidate 2: Non-codebook based transmission 
-
Frequency selective precoding is supported for CP-OFDM when the number of transmission port(s) is equal to or greater than Y.

-
The indication of DL measurement RS is supported for UE to calculate candidate precoder
-
Diversity-based transmission schemes
-
For DFT-S-OFDM, CDD, precoder cycling, antenna port switching, SFBC, and STBC can be the candidates for UL diversity schemes for UL data
[…]

8.3.1.6.3.1
SRS

NR SRS design should not assume a particular antenna configuration at UE and should support dynamic port/antenna/resource selection by gNB and UE. In the case of UE selection, it can be disabled/enabled by gNB (if the UE selection is not transparent). 

NR UL supports transmissions of SRS precoded with same and different UE Tx beams within a time duration. NR supports the following Tx beamformer determination for SRS. 

- 
UE applies gNB-transparent Tx beamformer to SRS, e.g., UE determines Tx beam for each SRS port/resource
-
Based on gNB indication, e.g. via SRI

NR supports SRS transmission including number of SRS ports are 1, 2, and 4 at least, Comb levels of 2 and 4, and configurable frequency hopping. 

Hence UE(s) of a particular power class may have different beasmforming capability and support different number of SRS ports. Moreover, the power class definition should be generic enough to cover different types of antenna arrangements (e.g. element or panel) but still give an indication of the power capability. This makes a definition in terms of directivity (as displayed in Figure 1) less suitable.
3 Minimum TRP: the UE power capability

A TRP requirement would be less dependent on the beamforming mode configured, but would depend on the number of antenna braches used, the PA power capability and the antenna element types/arrangement. Figure 2 shows the antenna efficiency, i.e. the ratio between the TRP and the conducted input power to the antenna, for three different types of antennas in the range 24-31 GHz (same data as in [6]). The variation of the efficiency (or TRP for any given conducted power) of the element types could be accounted for when specifying the power class in any given band; conversely, the antenna efficiency/bandwidth could be considered when defining the operating band range assuming a minimum acceptable TRP. Moreover, the UE TX reference architecture in 38.803 has groups of 2-4 antenna elements (hybrid beamforming may be used), which implies a certain PA capability (conductive power) for 2 ports given a minimum acceptable TRP.
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Figure 2: antenna efficiency (ratio of TRP and conducted input power) for three antenna types at 24-31 GHz.

From a front-end and PA design perspective, a minimum TRP would also convey an indication of the PA “size” that must be supported for a given power class. 
4 Maximum TRP and limits on maximum EIRP
For conductive requirements below 6 GHz, the upper tolerance of a power class (that would correspond to the maximum TRP) is limited due to SAR and specifies the maximum power at which the unwanted emission limits (as specified by 3GPP) are met.  

For mmW bands above 24 GHz, the maximum TRP would not govern any exposure limit but only give information on the maximum power at which the ACLR is met besides giving an implicit requirement on the directivity in conjunction with an additional minimum EIRP requirement. The permissible exposure that are instead specified in terms of allowed field strength and (radiation) power density for which a maximum EIRP limitation is relevant for ensuring compliance. In [7] 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 the 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 Relation to the power control equations
There are also other aspects that need consideration: the power class definition is also related to the power control equations and the configured output power that depends on the power class. 
The ongoing discussion on UE power control in RAN1 is often addressing “UE conducted output power”, which is relevant since power control should not depend on the UE antenna arrangement, see e.g. [8] and [9] among others. The TRP is related to the conducted power via the antenna efficiency of the antenna elements and may therefore be more relevant for the UE power control (the path loss estimate for NR might include antenna gain considerations).
For power headroom reporting, UE sends a power headroom report to indicate the transmission power left for the UE to use in addition to the power being used by the current transmission. The PHR should also work for any UE “antenna-port capability” given a certain transmission type (such as PUSCH). Wave-form specific power control is also discussed, then a minimum power capability should be known for each power class irrespective of the beamforming mode. 
These above suggests a definition of the power class in terms of TRP. Unless the minimum TRP is defined, the network is not aware of the remaining power of a particular UE following e.g. “UP” commands in closed-loop power control.
6 Minimum EIRP and coverage efficiency
A minimum requirement on the EIRP has been proposed for ensuring UL spherical coverage in the mmW-bands [10]. The requirement would be specified as one or several CDF percentiles of the EIRP and would be specific to each power class. This is similar to the “coverage efficiency” often used in the development of devices. The EIRP requirement would have to be specified for a particular operating mode, e.g. for a particular UL MIMO mode. The requirement must also cover different types of antennas as coverage efficiency is dependent on the antenna type [11]
One way to address the coverage at mmW bands 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 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. 
The requirement on the EIRP could be conditioned on the UE capability e.g. in terms of number of antenna ports for UL transmissions and number of layers supported in the UL. Use of code-book precoding is perhaps easier for defining such a requirement (with the number of layers indicated in the capability). 

7 Proposal
It is proposed to specify a power class in terms of a nominal TRP with 
1. a 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) apply
subject to any maximum output requirement (EIRP) applicable for the operating band. The TRP should be verified in “free space” without any phantom.
A minimum requirement on the EIRP for verification of the “coverage efficiency” in free space should be specified as an additional requirement for each power class. This requirement would depend on the UE capability for UL beamforming and be specified for a particular transmission mode. 

A requirement on the maximum EIRP for regulatory compliance would also be specified. This must be met under all conditions and for all power classes.
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)

	“28 GHz”
	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”
	27 dBm
	

	
	
	


The requirements in Table 6.2.2.2-2 apply for each operating band listed regardless of power class and operating mode.
Table 6.2.2.2-2: additional requirement on maximum EIRP
	Band
	Maximum

EIRP (dBm)

	“28 GHz”
	43 dBm
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