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1 Background
The work item “Introduction of NR 47GHz band” [1] was discussed in RAN4 #98-bis-e with respect to  PC1, PC2 and PC4 [2]. (UE RF core requirements for UE PC3 were concluded already in RAN4 #98-e). A way forward was agreed [3]. Regarding sub-topic 1-1: Minimum Peak EIRP for PC1, PC2, and PC4 the WF says:· Way-forward:
· Agree on the average in RAN#99e for inputs available by then.
· Averaging method is FFS, whether mW or dBm average is used, or whether extreme values are included or not.


In this contribution we further elaborate on Minimum Peak EIRP and EIRP spherical coverage for PC1, PC2 and PC4. REFSENS and EIS spherical coverage for PC1, PC2 and PC4 are discussed in [7]
2 Transmitter, PC1, PC2 and PC4
RF Architecture
In our contribution in RAN4 #98-bis-e [4], the RF architecture described in TR 38.817-01 [5] was used for the derivation of UE minimum peak EIRP and UE spherical coverage. The section in TR 38.817-01 covering minimum Peak EIRP and EIRP spherical coverage, however, was written before actual devices were available on the market. At that time PC1 devices were estimated to having 16 antenna elements. While it is certainly possible, with (even more) advanced technology (e.g. different semiconductor processes), to build PC1 devices following these assumptions, this is not the way commercial devices are built, as of today (for band n260 and n261). Since we believe it has a high value for the standard (e.g. [6]) to maintain consistency between different FR2 bands, we therefore update our estimate for PC1 based an architecture of 32 respectively 64 antenna elements.
[bookmark: _Ref71277671]Observation 1	It is beneficial for the standard to maintain consistency between different frequency bands, within FR2, for Minimum Peak EIRP and EIRP spherical coverage. 
[bookmark: _Ref20385669]Proposal 1	Companies shall provide the reference RF architecture assumed when deriving the peak EIRP link budget. 
[bookmark: _Ref71276345]Proposal 2	Consistency between different FR2 frequency bands shall be maintained when deriving Minimum Peak EIRP and EIRP spherical coverage.
Peak EIRP PC1, PC2 and PC4
Calculation of peak EIRP for band n262 PC1, PC2 and PC4 is shown in Table 1. 

	Parameter
	Unit
	Nom.
	Tol.
	Nom.
	Tol.
	Nom.
	Tol.
	Nom.
	Tol.

	
	
	PC1
	PC1
	PC2
	PC4

	Frequency range
	GHz
	[bookmark: _Hlk68097784]47.2  48.2
	47.2  48.2
	47.2  48.2
	47.2  48.2

	Pout per element
	dBm
	9
	0.5
	9
	0.5
	9
	0.5
	9
	0.5

	# of antennas in an array
	 
	32
	 
	64
	
	8
	
	16
	

	Total conducted power per polarization
	dBm
	24
	
	27
	
	18
	
	21
	

	Avg antenna element gain
	dBi
	5.5
	0.5
	5.5
	0.5
	5.5
	0.5
	5.5
	0.5

	Antenna roll off loss versus frequency
	dB
	1
	
	1
	
	1
	
	1
	

	Array factor correction (loss)
	dB
	0.5
	
	0.5
	
	0.5
	
	0.5
	

	Realized antenna array gain
	dBi
	19
	0.6 
	22
	0.6
	13
	0.6
	16
	0.6

	Polarization gain
	dB
	2.5
	 
	2.5
	
	2.5
	
	2.5
	

	Mismatch and transmission line loss including load pull
	dB
	2
	0.5 
	2.5
	0.5
	1.5
	1
	1.5
	1

	Beam forming loss (phase shifter and amplitude error)
	dB
	1.5
	 0.5
	1.5
	 0.5
	1.5
	0.5
	1.5
	 0.5

	Finite beam table
	dB
	
	 
	
	
	
	0.25
	
	0.25

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

	Form factor integration loss (incl. radome loss)
	dB
	2.5
	1.5
	2.5
	1.5
	2.5
	1.5
	3.5
	1.5

	Total implementation loss (nominal)
	dB
	6
	 
	6.5
	
	5.5
	
	6.5
	

	Total implementation loss (worst case)
	dB
	8.5
	 
	9
	
	9
	
	10
	

	Peak EIRP (Nominal)
	dBm
	40.1
	 
	45.6
	
	28.1
	
	33.1
	

	Tolerance (+/-)
	dB
	4.1
	 
	4.1
	
	5.1
	
	5.1
	

	Peak EIRP (Minimum)
	dBm
	35.5
	 
	41
	
	23
	
	28
	

	Peak EIRP (Maximum)
	dBm
	 
	 
	
	
	
	
	
	



[bookmark: _Ref54022418]Table 1 Estimation on Peak EIRP for PC1, PC2 and PC4: n262.

[bookmark: _Ref68111206][bookmark: _Ref20385623]Proposal 3	According to our estimate minimum peak EIRP, n262, shall be:
PC1 35.5 dBm, 
PC2 23dBm,
PC4 28dBm.  
Below will follow some comment on the each of the item in Table 1.
· Pout per element: Basically, the same PA is assumed for all UE types.
· # of antenna elements in an array: We assume 32 or 64 elements for PC1 in line with commercially available devices. For PC2 and PC4 follow TR 38.817-01.
· Antenna roll off loss versus frequency: n262 (47.2 - 48.2GHz) is a quite narrow band compared to other FR2 bands and, therefore, 1dB is conservative. 
· Array factor correction: Antenna elements interact (i.e. correction for simplified formula).
· Polarization gain: Depends on reference architecture which was further discussed in [4].
· Mismatch and transmission line loss including load pull: Due to larger antennas (more elements) for FWA devices longer transmission lines are assumed.
· Beam forming loss (phase shifter and amplitude error): Basically, the same HW is assumed for all device types.
· Finite beam table and Beam forming loss (one beam table fits all): Devices with smaller spherical coverage requirement, the finite beam table loss is negligible.
· Form factor integration losses (incl. radome losses): Increasing the frequency usually leads to higher losses, however, this could be overcome with optimized design but tolerances increase (i.e. worst case will be worse). 
Concerning multi band devices, FWA devices (PC1) and vehicle mounted equipment (PC2) are assumed to have less volume constraints and thus, antenna design could be carried out with less need for relaxation. Consequently, Multi Band Relaxation (MBR) will be significantly less (if any) for PC1 and PC2 compared to PC3. For High power non-handheld UE (PC4), MBR should be considered but should not be higher than for PC3. MBR will take care of dual(or more)-band designs.
[bookmark: _Ref68265340]Observation 2	MBR for PC1, PC2 and PC4 should not be more than for PC3.
[bookmark: _Hlk61523158]Spherical coverage PC1, PC2 and PC4
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 radome or antenna cover and the separation distance between the cover and the antennas, other components around the antenna panel etc. Discussion of spherical coverage in RAN4 for the previously defined FR2 frequency bands has in almost all cases concerned PC3. In e.g. [8] it was observed that the impact from all the factors does not monotonously change with frequency but rather changes periodically. Therefore, it cannot be concluded that the n262 band must be significantly worse than e.g., n260 band in terms of spherical coverage. The total impact (peak and spherical coverage) of the antenna 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 specified percentile of EIRP) depends on many factors, and it cannot be concluded that the n262 band must be worse than, e.g., n260 in terms of spherical coverage.
For FWA devices (PC1) and vehicle mounted devices (PC2) it is assumed that the design could be optimized for good performance in terms of proximity to other components or distance to cover material. Therefore, the gain drop (delta between peak and specified percentile of EIRP) for band n262 may not be worse than for band n258 for those power classes. 
High power non-handheld UEs (PC4) has so far been targeting high speed train (HST) UEs and for that application also have less volume constraints. However, PC4 also comprise a large variety of other applications such as laptops, professional cameras or factory automation (just to mention some). Design constraints could not be ruled out in this UE group. Besides, for PC4 the specified percentile of EIRP is 20% which is more stringent than for other power classes.
However, for consistency reasons and for the sake of progress, we propose to follow the guidelines of the WF in last meeting [3] which is to reuse the gain drop of an existing band (e.g., n260).
[bookmark: _Ref71276293]Observation 4	For consistency with the work already done it is a good option to reuse the gain drop (delta between peak and specified percentile of EIRP) of an existing band (e.g., n260). 
Power class 2 is not defined for band n260 and thus reusing gain drop (delta between peak and specified percentile of EIRP) of band n258 is a good option. We therefore propose:
[bookmark: _Ref71276401][bookmark: _Ref71277619]Proposal 4	Gain drop (delta between peak and specified percentile of EIRP) for n262 shall be: 
PC1 8 dB, 
PC2 11dB,
PC4 12dB.
3 Conclusion
In this contribution we have discussed minimum peak EIRP and spherical coverage requirement for PC1, PC2 and PC4 for band n262. The following observations and proposal are made:
Observation 1	It is beneficial for the standard to maintain consistency between different frequency bands, within FR2, for Minimum Peak EIRP and EIRP spherical coverage.
Observation 2	MBR for PC1, PC2 and PC4 should not be more than for PC3.
Observation 3	The spherical coverage performance (delta between peak and specified percentile of EIRP) depends on many factors, and it cannot be concluded that the n262 band must be worse than, e.g., n260 in terms of spherical coverage.
Observation 4	For consistency with the work already done it is a good option to reuse the gain drop (delta between peak and specified percentile of EIRP) of an existing band (e.g., n260).
Proposal 1	Companies shall provide the reference RF architecture assumed when deriving the peak EIRP link budget.
Proposal 2	Consistency between different FR2 frequency bands shall be maintained when deriving Minimum Peak EIRP and EIRP spherical coverage.
Proposal 3	According to our estimate minimum peak EIRP, n262, shall be:
PC1 35.5 dBm, 
PC2 23dBm,
PC4 28dBm.
Proposal 4	Gain drop (delta between peak and specified percentile of EIRP) for n262 shall be: 
PC1 8 dB, 
PC2 11dB,
PC4 12dB.
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