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1 Background
The work item description: introduction of NR 47GHz band [1] was updated in RAN #91-e to clarify that PC1, PC2, PC3 and PC4 are included. UE RF core requirements for UE PC3 were concluded in RAN4 #98-e [2] and thus, requirements for PC1, PC2 and PC4 remain. 

In the Status Report to TSG [3] the remaining items are listed as:
· Whether PTRS is configured for UE Tx EVM measurement or not.
· UE RF core requirements for UE power class 1, 2 and 4.
· MU/TT budget for BS Rx RF conformance requirement
· RRM CR drafting aligned with RF requirement
· UE Demod requirement (whether PN model is revisited or not, etc)
· BS Demod requirement and test feasibility (link budget/test configuration)

In this contribution we provide our inputs to 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
UE maximum output power limits
UE maximum output power limits consist of max EIRP and max TRP. Since 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 power classes 1,2 and 4 (as was done for PC3).
[bookmark: _Ref20385663][bookmark: _Ref68111173]Proposal 1	For PC1, PC2 and PC4: n262 reuses maximum peak EIRP and maximum TRP from band n258.
RF Architecture
For the derivation of UE minimum peak EIRP and UE spherical coverage we have used the RF architecture described in TR 38.817-01 [4]. For power class 4, the estimation is based on 16 antenna elements. In this document we also follow the outline in the WF from RAN4 #97-e [6]. Worth noting is that peak EIRP was derived assuming an HW architecture where each antenna element is individually fed via a power amplifier on each polarization and, therefore, there is an assumption of 2-3 dB polarization gain. This HW architecture was also assumed in the WF [6]. However, it is worth emphasizing that such an assumption is merely for alignment of the input from different companies and does not limit the UE implementation, and the core requirement should be agnostic to different RF architectures.  Other RF architectures could be possible, especially for other UE types than handheld smartphone (PC3). One example of another RF architecture is 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: _Ref68111613][bookmark: _Hlk53996020][bookmark: _GoBack] 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 PC1, PC2 and PC4
Calculation of peak EIRP for band n262 PC1, PC2 and PC4 is shown in Table 1. PC3 is included for reference. The values for PC3 are adjusted to match actual agreement [2], which was: n262, PC3, peak EIRP 16dBm.

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

	
	
	PC1
	PC2
	PC3
	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
	10
	 
	9.5
	
	9.5
	
	9.5
	

	# of antennas in an array
	 
	16
	 
	8
	
	4
	
	16
	

	Total conducted power per polarization
	dBm
	22
	0.5
	18.5
	0.5
	15.5
	0.5
	21.5
	0.5

	Avg antenna element gain
	dBi
	5.5
	
	5.5
	
	4.5
	
	4.5
	

	Antenna roll off loss versus frequency
	dB
	0.5
	
	0.5
	
	0.5
	
	0.5
	

	Array factor correction (loss)
	dB
	0.5
	
	0.5
	
	0.5
	
	0.5
	

	Realized antenna array gain
	dBi
	16.5
	0.6 
	13.5
	0.6
	9.5
	0.6
	15.5
	0.6

	Polarization gain
	dB
	2.5
	 
	2.5
	
	2.5
	
	2.5
	

	Mismatch and transmission line loss including load pull
	dB
	1
	1 
	1.5
	1
	1.4
	1
	1.5
	1

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

	Finite beam table
	dB
	0
	 
	
	0.25
	
	0.25
	
	

	Beam forming loss (one beam table fits all)
	dB
	0
	 
	
	0.25
	
	0.25
	
	

	Form factor integration loss (incl. radome loss)
	dB
	1.5
	
	3
	2
	4
	2
	3.5
	2

	Total implementation loss (nominal)
	dB
	3.5
	 
	5.5
	
	6.4
	
	6
	

	Total implementation loss (worst case)
	dB
	5
	 
	9.5
	
	10.4
	
	9.5
	

	Peak EIRP (Nominal)
	dBm
	37.6
	 
	29.1
	
	21.1
	
	33.6
	

	Tolerance (+/-)
	dB
	2.6
	 
	5.1
	
	5.1
	
	4.6
	

	Peak EIRP (Minimum)
	dBm
	35.0
	 
	24.0
	
	16.0
	
	29.0
	

	Peak EIRP (Maximum)
	dBm
	 
	 
	
	
	
	
	
	



[bookmark: _Ref54022418]Table 1 Estimation on Peak EIRP for PC1, PC2 and PC4: n262. PC3 as a reference.

[bookmark: _Ref68111206][bookmark: _Ref20385623]Proposal 3	According to our estimate minimum peak EIRP, n262, shall be:
PC1 35 dBm, 
PC2 24dBm,
PC4 29dBm.  
Basically, we have followed the assumptions in TR 38.817-01, where applicable, with tweaking for the higher frequency (47.2 - 48.2GHz versus 24.25-29.5GHz). 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 except for the Fixed Wireless Access (FWA) devise (PC1) which could have a somewhat optimized PA.
· # of antenna elements in an array: This will follow TR 38.817-01. Though, for PC4, 16 elements have been used (there are different assumptions listed in 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, 0.5dB has been used (while, for example, 1dB is used for n258). 
· Array factor correction: Neighboring antenna elements interact (i.e. correction for simplified formula).
· Polarization gain: Discussed above.
· Mismatch and transmission line loss including load pull: FWA devices could be more optimized.
· 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): For 16 antenna elements in an array there is no impact.
· Form factor integration losses (incl. radome losses): The FWA device (PC1) could be more optimized but still has some radome loss.
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: _Ref68109110]Observation 2	FWA devices (PC1) and vehicle mounted equipment (PC2) are assumed to have less volume constraints and thus, Multi Band Relaxation (MBR) should be significantly less than for PC3.
[bookmark: _Ref68265340]Observation 3	For high power non-handheld UE (PC4), MBR should not be more than for PC3.
[bookmark: _Hlk61523158]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 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. [9] 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 4	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 could be no worse than 0.5dB (PC1) to 1dB (PC2) compared to band n258.
[bookmark: _Ref68111088]Observation 5	The gain drop (delta between peak and specified percentile of EIRP) for band n262 could be no worse than 0.5dB (PC1) to 1dB (PC2) compared to band n258.
High power non-handheld UEs (PC4), on the other hand, comprise a large variety of devices 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.
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	A dual-polarized antenna structure with PA for each polarization was assumed when defining the peak EIRP for bands n257  n261.
Observation 2	FWA devices (PC1) and vehicle mounted equipment (PC2) are assumed to have less volume constraints and thus, Multi Band Relaxation (MBR) should be significantly less than for PC3. 
Observation 3	For high power non-handheld UE (PC4), MBR should not be more than for PC3.
Observation 4	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 5	The gain drop (delta between peak and specified percentile of EIRP) for band n262 could be no worse than 0.5dB (PC1) to 1dB (PC2) compared to band n258.
Proposal 1	For PC1, PC2 and PC4: n262 reuses maximum peak EIRP and maximum TRP from band n258.
Proposal 2	Companies shall provide the reference RF architecture they assumed when deriving the peak EIRP link budget.
Proposal 3	According to our estimate minimum peak EIRP, n262, shall be:
PC1 35 dBm, 
PC2 24dBm,
PC4 29dBm.
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