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1	Introduction 
The work item to introduce the new Band n259 [1] has reached the following agreements [2]:
Agreement:
-	Band plan for n259 is 39.5GHz – 43.5GHz
-	Intra-band CA requirements shall apply for inter-band CA configurations between n260 and n259 including intra-band capabilities.   
-	Requirements for single band n259 and associated multiband requirements shall be agreed as a single CR pack for n259 WI. 
-	The scope of the multiband requirements shall be further discussed.
According to the Rapporteur’s work plan [3] a suggested work plan refinement [4], the work on deriving multi-band requirements for band n259 has progressed during the RAN4 #92 meeting with the following agreements [5]:
WF
-	To define the maximum output power and Refsens OTA requirements for n259, companies are encouraged to provide the link budget parameters for Tx and Rx in the next meeting according to the tables in the WF.
-	PC3 is considered as the highest priority
-	For the analysis and simulations, packaging environment shall be considered (plastic, glass)
Multi-band relaxation
-	Companies are encouraged to submit analysis on multiband relaxations for band configurations including n259 with respect to provided parameters in the previous slide.
The WF in [5] also contains exemplary tables of parameters for the peak EIRP and REFSENS derivation.
This contribution provides derivations for peak EIRP and REFSENS based on conducted component and antenna array capabilities for band n259.
2	Discussion 
2.1	Beam forming losses
As observed in [6], the assumptions on the conducted transmitter and receiver compontents’ performance have a direct relationship with the peak EIRP and REFSENS requirements for band n259.  At least in comparison with band n260, these components are expected to achieve lower peformance metrics.  This effect can be quantified as beam forming losses.
Drawing upon the experience of defining beam correspondence requirements in Rel-15, we can refer to Clause 7.8.3 of TR38.817-01 [7] for the methodology used in the evaluation.  For the purpose of quantifying beam forming losses, we reuse most of the methodology and adapt it to the receive and transmit operations.
When considering the beam forming losses for peak EIRP and peak EIS, we calculate the difference in the 100%-tile CDF value between the ideal CDF and the impaired CDF, where the impairments include phase shifter error, phase shifter loss, gain variation, and RSRP estimation accuracy.  TS38.101-2 [8] defines all requirements for extreme temperature conditions (ETC), and with the approval of the study on enhanced test methods for FR2 UEs [9] we should anticipate beam peak search procedures to be feasible under ETC in the Rel-16 conformance test specification.  Thus, the peak EIRP and REFSENS requirements for band n259 should take beam forming losses under ETC into account.
Toward this end, three spherical coverage simulation were performed according to the following parameters:
-	2 panels (array of 4 dual polarized patch antennas) positioned on opposite sides of the UE (see TR38.803 [10])
-	Sector codebook: 9 beams (15 degree step)
-	Mutual coupling, form factor integration and implementation losses not modeled
-	Reference coverage pattern: no impairments
-	Impaired coverage pattern
-	Amplitude error δak = [1, 2] dB
-	Phase error δpk = [16, 32]˚
-	RSRP error ∆k = [1.5, 3.0] dB
The analysis steps are illustrated in Figure 1 below.
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Figure 1: Analysis steps to quantify beam forming losses for peak EIRP and REFSENS
The impaired and reference CDFs for one simulation set are shown in Figure 2 below.
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Figure 2: Analysis of beam forming losses
The results are summarized in Table 1 below.
Table 1: Summary of beam forming losses simulations
	Phase err
	Mag err
	RSRP err
	50-tile CDF degradation
	Peak CDF degradation

	16
	1
	1.5
	-1.5
	-0.8

	32
	2
	1.5
	-2.9
	-1.6

	32
	2
	3.0
	-3.5
	-1.6
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2.2	Antenna rolloff vs. frequency
As further observed in [6], the TE1 mode onset can be taken into account in the peak EIRP and REFSENS budgeting as antenna rolloff vs. frequency.
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Figure 2: Analytical results for patch array + glass (steered to boresight, f=39 GHz)
Although there are several different ways to account for this design effect in the 3GPP requirement, the simplest way is to use the antenna rolloff loss versus frequency and to set this value to a practical number based on the patch array + glass analysis above.
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2.3	Peak EIRP
Collecting the beam forming loss and antenna rolloff loss versus frequency terms into the common EIRP link budget table from [5], we obtain the budget illustrated in Table 2 below.
Table 2: Peak EIRP budget for band n259
	Parameter
	Unit
	Nominal value
	Contribution to tolerance
	Comments

	Pout per element
	dBm
	13
	
	Nominal value does not account for variation over PVT

	# of antennas in an array
	
	4
	
	Reuse n260 value

	Total conducted power per polarization
	dBm
	19
	-1
	Account for PVT

	Avg antenna element gain
	dBi
	4
	
	Reuse n260 value

	Antenna rolloff loss versus frequency
	dB
	-3
	
	Rolloff is greater due to TE1 onset (see R4-1908011)

	Realized antenna array gain
	dBi
	7
	0
	

	Polarization gain
	dB
	2.8
	
	Reuse n260 value

	Mismatch and transmission line loss including load pull
	dB
	-2.3
	-0.7
	

	Beam forming loss (phase shifter and amplitude error)
	dB
	-1
	-0.6
	Model phase shifter and amplitude error under ETC

	Finite beam table
	dB
	
	
	Simulated with BF loss above

	Beam forming loss (one beam table fits all)
	dB
	
	
	Simulated with BF loss above

	Form factor integration losses
	dB
	-4
	-2
	Update relative to n260 value

	Total implementation loss
	dB
	-7.3
	-3.3
	

	Peak EIRP (Nominal)
	dBm
	21.5
	
	For information only (not a requirement)

	Tolerance (+/-)
	dB
	
	4.3
	For information only (not a requirement)

	Peak EIRP (Minimum)
	dBm
	17.2
	
	

	Peak EIRP (Maximum)
	dBm
	25.8
	
	For information only (not a requirement)
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2.4	REFSENS
Collecting the beam forming loss and antenna rolloff loss versus frequency terms into the common REFSENS link budget table from [5], we obtain the budget illustrated in Table 2 below.
Table 2: REFSENS budget for band n259
	Parameter
	Unit
	Value
	Comments

	Bandwidth
	MHz
	50
	100
	200
	400
	

	10log(Rx BW)
	dB
	76.99
	80
	83.01
	86.02
	

	Thermal noise
	dBm/Hz
	-174
	-174
	-174
	-174
	Assume ETC

	Noise Figure
	dB
	12
	12
	12
	12
	Accounts for variation over PVT

	Realized array gain
	dB
	7
	7
	7
	7
	from peak EIRP calculation

	Beamforming loss
	dB
	-1.6
	-1.6
	-1.6
	-1.6
	Model phase shifter and amplitude error under ETC

	Mismatch and transmission line loss
	dB
	-3
	-3
	-3
	-3
	from peak EIRP calculation (with tolerance)

	Form factor integration losses
	dB
	-6
	-6
	-6
	-6
	from peak EIRP calculation (with tolerance)

	Total implementation loss
	dB
	-10.6
	-10.6
	-10.6
	-10.6
	

	SNR
	dB
	-1
	-1
	-1
	-1
	reuse n260 value

	REFSENS
	dBm
	-82.41
	-79.4
	-76.39
	-73.38
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3	Conclusions
This contribution has provided derivations for peak EIRP and REFSENS based on conducted component and antenna array capabilities for band n259 and has made the following observations and proposals:
Observation 1:	The total beam forming loss for band n259 is 1.6 dB.
Observation 2:	The antenna rolloff loss versus frequency for band n259 is 3.0 dB.

Proposal 1:	The single-band minimum peak EIRP requirement for band n259 is 17.2 dBm.
Proposal 2:	The single-band maximum peak EIS requirement for band n259 is -82.4 dBm/50 MHz, -79.4 dBm/100 MHz, -76.4 dBm/200 MHz, and -73.4 dBm/400 MHz.
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