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1 Background
The work item introducing the new FR2 47GHz band was approved in RAN #88-e [1]. It was discussed during RAN4 #96-e [2] and a WF was approved [3] where companies are encouraged to provide the link budget parameters for Tx and Rx. Another WF on UE RF requirements was also approved [4], not discussed in this document.

In this contribution we provide our inputs to PC3 link budget for n262. 
2 Transmitter, PC 3
Power class is defined as maximum peak EIRP, minimum peak EIRP, spherical coverage EIRP and maximum TRP. The n262 band (47.2-48.2GHz) is part of FR2 (24.25GHz – 52.6GHz) it is, therefore, proposed to reuse maximum peak EIRP and maximum TRP from other FR2 bands. For PC3 that is: maximum peak EIRP = 43dBm and maximum TRP = 23dBm.

[bookmark: _Ref20385663]Proposal 1	For PC3: n262 reuse maximum peak EIRP and maximum TRP from PC3: n260
 
RF Architecture
For PC3 in bands n257, n258, n260 and n261, the peak EIRP was derived assuming an HW architecture where each antenna element is individually fed via a power amplifier on each polarization. To our understanding, this is the reason there was an assumption of 2-3 dB polarization gain when deriving the peak EIRP for bands n257, n258, n259, n260 and n261.  The same HW architecture has been assumed in the WF [3] where companies are encouraged to fill in values according to this HW architecture. Other possible RF architectures could be a single PA with splitters for each antenna element (e.g., Butler matrix). Even if other possible HW architectures could be applicable, they may not end up with very different TRP/EIRP values in the end.

[bookmark: _Ref20385612][bookmark: _Hlk53996020]Observation 1 	A dual-polarized antenna structure with PA for each polarization was assumed when defining the peak EIRP for bands n257  n261.

[bookmark: _Ref20385669]Proposal 2	Companies shall provide the reference RF architecture they assumed when deriving the peak EIRP link budget. 

Peak EIRP PC3
Calculation of peak EIRP for band n262 is shown in Table 1

	Parameter
	Unit
	Nominal value
	Contribution to tolerance

	Frequency range
	GHz
	47.2  48.2 GHz

	Pout per element
	dBm
	10
	 

	# of antennas in an array
	 
	4
	 

	Total conducted power per polarization
	dBm
	16
	0.5

	Avg antenna element gain
	dBi
	5.5
	

	Antenna roll off loss versus frequency
	dB
	0.5
	

	Realized antenna array gain
	dBi
	10.5
	1 

	Polarization gain
	dB
	2.5
	 

	Mismatch and transmission line loss including load pull
	dB
	1
	1 

	Beam forming loss (phase shifter and amplitude error)
	dB
	1
	 0.5

	Finite beam table
	dB
	0
	 

	Beam forming loss (one beam table fits all)
	dB
	0
	 

	Form factor integration losses
	dB
	4
	2

	Total implementation loss (nominal)
	dB
	6
	 

	Total implementation loss (worst case)
	dB
	9.5
	 

	Peak EIRP (Nominal)
	dBm
	23
	 

	Tolerance (+/-)
	dB
	5
	 

	Peak EIRP (Minimum)
	dBm
	18
	 

	Peak EIRP (Maximum)
	dBm
	 
	 



[bookmark: _Ref54022418]Table 1 Estimation on Peak EIRP for PC3: n262

[bookmark: _Ref20385623]Observation 2	According to our estimate (minimum) peak EIRP is 18 dBm for PC3: n262
Spherical coverage PC3
The spherical coverage of an antenna in this frequency range depends on many factors, including, but not limited to, the surface current distribution, the material of the back cover and its separation distance to the antennas, other components around the antenna panel etc. During the discussion of spherical coverage for the previously defined FR2 frequency bands, it was observed that impact from all the factors does not monotonously change with frequency but rather changes periodicity (see [6]). Therefore, it cannot be concluded that the n262 band must be worse than e.g., n259 band in terms of spherical coverage. The total impact (peak and spherical coverage) of the back cover and components around the antenna panel, on the other hand, will increase with frequency.

[bookmark: _Ref21108741]Observation 3	The spherical coverage performance (delta between peak and 50% EIRP) depends on many factors, and it cannot be concluded that the n262 band must be worse than, e.g., n259 in terms of spherical coverage.
We therefore propose:
[bookmark: _Ref54094992]Proposal 3	Further study the spherical coverage requirement (delta between peak and 50% EIRP) of n262. 

Multi-band relaxation for PC3
Multi-band relaxation was agreed as a trade-off between link budget and implementation constraints. For example, in [6] it was shown that there is a clear trade-off between antenna volume and multi-band performance. Band n262 (47.2-48.2GHz) is quite narrow (2.1%) compared to other bands and multiband relaxation can, therefore, follow the multiband relaxation of n259 and n260 which is MBP,n = 0.5dB and MBS,n = 0.4dB.
[bookmark: _Ref54095813][bookmark: _Ref20385680][bookmark: _Ref54095246]Observation 4	Multi-band relaxation for specification (Table 6.2.2.3-4 in TS 38.101-2 ) for n262 shall be MBP,n=0.5dB and MBS,n=0.4dB.
3 Receiver PC3
Reference sensitivity 
The reference sensitivity can be described as below [5]:

SNR refers to achieving 95% BER. IM is the baseband implementation margin (i.e., uncertainty in the detector implementation) not to confuse with the uncertainty in the NF (i.e., front end HW). The implementation margin is not present in the WF [3], and we therefore bundle it in the SNR requirement, which is then estimated to 0 dB (SNR itself is -1 dB). HW uncertainty (margin) is usually bundled into the NF, and the NF is estimated to 12.5 dB, which includes the implementation margin and margin for ETC case. In order to follow the WF document [3] losses due to beamformer and form factor are separate and not included in the NF. (Alternatively, they could be bundled into the NF since we have the OTA approach for FR2). The “Total Insertion Loss” then consists of losses before the front end which are form factor integration losses and transmission line mismatches (worst case). The BW is the occupied BW (~channel BW) here chosen to 100MHz, but the REFSENS could be scaled accordingly. Diversity gain was decided to be 0 dB for FR2 [5] due to the OTA verification procedure. The “array gain” in the formula refers to the total antenna gain (element gain + array gain - efficiency loss). 

	Parameter
	Unit
	Value
	Note

	Band number
	 
	n262
	 

	Frequency range
	GHz
	47.2 – 48.2 
	 

	Modulation
	 
	QPSK
	 

	SNR requirement
	dB
	0
	Including 1dB demodulator IM

	Bandwidth
	MHz
	100
	 

	Thermal noise
	dBm/Hz
	-174
	 

	Noise Figure
	dB
	12.5
	Worst case NF including HW "implementation margin" and ETC case

	Number of antennas in an array
	 
	4
	 

	Array gain
	dB
	5.5
	

	Element gain
	dBi
	4.5
	 5.5 ± 1

	Diversity gain
	dB
	0
	Due to the measurement method

	Antenna gain roll-off over frequency
	dB
	0.5
	Relative band is “only” 2.1%

	Beamforming loss
	dB
	1
	 1.2 ± 0.5

	Total insertion loss
	dB
	8
	Including form factor integration losses (worst case)

	REFSENS
	dBm
	-81.5
	 



Table 2 Estimation of REFSENS for PC3: n262 
[bookmark: _Ref20385647]Observation 5	According to our estimate REFSENS for PC3: n262 is -81.5 dBm
4 Conclusion
In this contribution we have discussed the requirement for PC3: n262. The following observations and proposal are made:
Observation 1 	A dual-polarized antenna structure with PA for each polarization was assumed when defining the peak EIRP for bands n257  n261.
Observation 2	According to our estimate (minimum) peak EIRP is 18 dBm for PC3: n2 
Observation 3	The spherical coverage performance (delta between peak and 50% EIRP) depends on many factors, and it cannot be concluded that the n262 band must be worse than, e.g., n259 in terms of spherical coverage.
Observation 4	Multi-band relaxation for specification (Table 6.2.2.3-4 in TS 38.101-2 ) for n262 shall be MBP,n=0.5dB and MBS,n=0.4dB.
Observation 5	According to our estimate REFSENS for PC3: n262 is -81.5 dBm
Proposal 1	For PC3: n262 reuse maximum peak EIRP and maximum TRP from PC3: n260
Proposal 2	Companies shall provide the reference RF architecture they assumed when deriving the peak EIRP link budget.
Proposal 3	Further study the spherical coverage requirement (delta between peak and 50% EIRP) of n262.
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