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1 Introduction
In last RAN4#86Bis meeting, 4 UE Types [1] in FR2 was summarized and how to distinguish the UE types was agreed. The agreement was as follows.

	Agreement

· Consider min peak EIRP level, spherical coverage needs as potential distinguishing factors between UE types (other aspects are not precluded)
· Priority is to finalize the previously discussed and approved handheld UEs (#1) and FWA on a stationary platform (#4), whose target is Rel-15
· Companies are encouraged to submit contributions explicitly discussing the specific requirements for #2 and #3
· RAN4 should discuss how to move forward with types that are not completed in Rel-15 scope
· Release independent approach
· The table below captures all the types discussed so far. It will be revised as new contributions are discussed and requirements are clearer
NR FR2 UE Type summary
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In this paper, we provide the specific requirements for NR FR2 UE Type #2 considering analysis for minimum peak EIRP level, spherical coverage, REFSENSE and other requirements as FWA work.
2 Discussion on UE Type #2 in FR2
2.1 Regulation

As FCC definition (FCC 16-89), the peak EIRP limit is defined with 43dBm for mobile station and 55dBm for transportation station. For Mobile station, handheld and other portable UE are applied. For transportation station, devices which will be stationary while operating are applied. 
Considering FCC definition, NR FR2 UE Type#2 corresponds to portable UE and the maximum allowed EIRP is aligned with FCC peak EIRP limit(43dBm).
Observation 1: NR FR2 UE Type#2 is aligned with FCC peak EIRP limit.

2.2 Impact on RF Requirement 
· Peak EIRP Requirement
For peak EIRP evaluation, we reuse the parameters which are used for FWA.

Table 2.2-1: Minimum Peak EIRP for NR FR2 UE Type#2
	Parameter
	Unit
	Freq.Range

24.25-29.5GHz

	Pout per element
	dBm
	12

	# of antennas in array
	
	8

	Total conducted power per polarization
	dBm
	21

	Avg. antenna element gain
	dBi
	4.5

	Antenna roll-off loss vs frequency
	dB
	-1.0

	Realized antenna array gain
	dBi
	12.5

	Polarization gain
	dB
	2.5

	Mismatch and transmission line loss including load pull
	dB
	-2.5

	Beam forming loss (phase shifter and amplitude error)
	dB
	-0.5

	Finite beam table
	dB
	-0.25

	Beam forming loss (one beam table fits all)
	dB
	-0.25

	Form-factor integration losses
	dB
	-4.5

	Total implementation loss (worst-case)
	dB
	-8.0

	Peak EIRP (Minimum)
	dBm
	28


For NR FR2 UE Type#2, 8 elements in one array is assumed and total implementation loss is less than handheld UE type(NR FR3 UE Type#1). Based on the analysis above, we propose 28dBm for 28GHz as minimum peak EIRP for NR FR2 UE Type#2.
Proposal 1: For minimum peak EIRP of NR FR2 UE Type#2, define [28]dBm for 28GHz.

· Spherical Coverage Requirement

As summarized NR FR2 UE Type, half sphere is defined for UE Type#2. Based on the half sphere, we provide CDF of antenna gain for 28GHz.
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Figure 2.2-1: Antenna gain for NR FR2 UE Type#2
Based on our CDF curves, we propose to define the required EIRP corresponding to 20% CDF percentile of the half spherical coverage considering implementation margin of 1dB as shown in Table 2.2-2.
Table 2.2-2. Spherical coverage related requirement
	Spherical coverage

	CDF percentile (%)
	EIRP at the % (dBm)

	[20]
	[19.5] dBm


Proposal 2: For spherical coverage of NR FR2 UE Type#2, define EIRP [19.5]dBm at the CDF percentile of [20]% for 28GHz.

· REFSENS Requirement

For peak EIS evaluation, we provide our proposal as table2.2-3 by reusing sensitivity equation [R4-1803445] which was agreed in RAN4#86. 
· REFSENS = -174dBm(kT) + 10*log(Max. RX BW) + NF – Total Ant. gain - diversity gain + SNR + ILs
Table 2.2-3. EIS evaluation
	Parameter
	Unit
	Freq.Range

24.25-29.5GHz
	Comment

	kTB/Hz 
	dBm
	-174
	

	10log(Rx BW) 
	dB
	76.77
	Max.RxBW=47.52MHz(SCS 60kHz in CBS of 50MHz)

	Effective realized antenna array gain 
	dB
	12.5
	10 for Handheld UE 

	Diversity Gain 
	dB
	0
	

	SNR 
	dB
	-1
	

	NF 
	dB
	10
	

	Total implementation loss 
	dB
	8.5
	

	Sensitivity EIS 
	dBm
	-92.23
	


Using maximum transmission bandwidth configuration in table 5.3.2-1 in TS38.101-2, corresponding 10log(Max.RxBW) is summarized in Table2.2-4. 

Table 2.2-4: 10log(Max.RxBW) 
	SCS (kHz)
	10log(Max.RxBW) (dB)

	
	50MHz
	100MHz
	200MHz
	400 MHz

	60
	76.8
	79.8
	82.8
	N.A

	120
	76.6
	79.8
	82.8
	85.8


From the REFSENS equation and table2.2-4, EIS requirements are proposed as table2.2-5.

Table 2.2-5: Proposed Peak EIS requirements
	Operating band
	REFSENS (dBm) / Channel bandwidth

	
	50 MHz
	100 MHz
	200 MHz
	400 MHz

	n257
	[-92.2]
	[-89.2]
	[-86.2]
	[-83.2]


Proposal3: For NR FR2 UE Type#2, define REFSENSE with table2.2-5 for 28GHz.

· Other Requirements
For MPR/A-MPR, it can be reused with MPR/A-MPR of handheld UE since the requirements are defined based on TRP and NR FR2 UE Type#2 TRP is same as handheld UE(Type#1).

For EVM and SEM, it can be reused with EVM and SEM of handheld UE since those are not related with peak EIRP.

For ACLR, it can be reused with ACLR of handheld UE which was defined based on coexistence study with peak EIRP of 34dBm and was reused for FWA.
For minimum transmit power, it should be defined based on the expected uplink signal level at gNB. For handheld UE(NR FR2 UE Type#1), -13dBm for EIRP regardless of channel bandwidth up to 400MHz was defined. The only difference between UE Type#1 and UE Type#2 is UE antenna gain. From the table2.2-3, UE Type#2 is 2.5dB higher than UE Type#1 however the difference of throughput loss by it is expected to be little which it could be ignored based on the other companies’ paper [R4-1709419]. Therefore, the minimum transmit power of handheld UE could be reused.

For ACS, it can be reused with ACS of handheld UE which was defined based on coexistence study with maximum peak EIRP of 34dBm(R4-1706063) . 
For IBB, it can be also reused with IBB of handheld UE since for example it is specified with format of  ‘REFSENS+14’dBm for power in transmission bandwidth configuration.
Proposal 4:  For other requirements, reuse the requirements of handheld UE for 28GHz.

Based on the analysis above, proposed RF Requirements can be summarized as Table2.2-6 for NR FR2 UE Type#2.
Table 2.2-6: Impact on RF Requirement for NR FR2 UE Type#2
	Section Number
	
	Proposed requirement

	5.    Operating bands and channel arrangement
	
	No change

	6.1   Transmitter General
	
	No change

	6.2   Transmitter Power
	UE Power Class.
	[28]dBm

	
	CDF spherical coverage
	Table2.2-2

	
	MPR/A-MPR
	No change

	6.3   Output power dynamics
	
	No change

	6.4   Transmit signal quality
	
	No change

	6.4A Transmit signal quality for CA
	
	No change

	6.5   Output RF spectrum emissions
	
	No change

	7.1   Receiver General
	
	No change

	7.2   Diversity characteristics
	
	No change

	7.3   Reference sensitivity
	REFSENSE
	Table 2.2-5

	7.3A Reference sensitivity for CA
	
	No change

	7.4   Maximum input level
	
	No change

	7.4A Maximum input level for CA
	
	No change

	7.5   Adjacent channel selectivity
	
	No change

	7.5A Adjacent channel selectivity for CA
	
	No change

	7.6   Blocking characteristics
	
	No change

	7.6A Blocking characteristics for CA
	
	No change

	7.7   Spurious response
	
	No change

	7.8   Void
	
	No change

	7.9   Spurious emission
	
	No change

	7.10 Receiver image
	
	No change


3 Conclusion
In this paper, we analysed UE RF requirement for NR FR2 UE Type#2 among 4 UE Types which were agreed in the last meeting. Based on the analysis, we propose to specify UE RF requirements based on table2.2-6 for NR FR2 UE Type#2.
Proposal 1: For minimum peak EIRP of NR FR2 UE Type#2, define [28]dBm for 28GHz.

Proposal 2: For spherical coverage of NR FR2 UE Type#2, define EIRP [19.5]dBm at the CDF percentile of [20]% for 28GHz.

Proposal3: For NR FR2 UE Type#2, define REFSENSE with table2.2-5 for 28GHz.

Proposal 4:  For other requirements, reuse the requirements of handheld UE for 28GHz.
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