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Introduction
RedCap UEs in FR2 have been streamlined into FWA type devices and a low-power device that assumes a halving of number of elements compared to PC3. In this contribution we extend this this assumption for the low-power device towards determining other UE RF requirements for the same class of UE.
Discussion
	Relation to PC3
RAN4 reached consensus on the new ‘low-powered’ UE as recorded in the chairman’s notes:
[image: ]
The down selected options have fundamentally different RF characteristics, and further down selection depends on projected use case. A multi-module UE is well suited for a device that must deal with mobility and potential for module blockage from handling or placement, but it must incorporate the complexity and absorb the cost of a multi-module design. A single-module UE on the other hand is well suited for cost-sensitive devices that have limited prospect of blockage. 
Observation 1: A single module low power UE is better suited to the RedCap mission. 
In the treatment below, we focus on the ‘industrial’ use case of the low power RedCap UE.
	UE with one 4x1 module
A single 4x1 module is inconsistent with the agreed min. peak EIRP requirement even if the UE is scaled back to single-pol transmit. For such a UE, the min. peak EIRP would be 3 dB lower than the PC3 case rather than the agreed 6 dB. We therefore leave the option of using a single-pol. 4x1 to UE implementation, rather than standardizing it.  
	UE with one 2x1 module
The agreement on min. peak EIRP excerpted above is consistent with a dual-pol Tx with half the number of elements as PC3. For such a UE, some logical deductions can be made on other RF requirements also. 
REFSENS
A UE with half the number of elements as PC3 would show sensitivity performance degraded by 3 dB relative to PC3
Proposal 1: REFSENS is degraded 3 dB from PC3 for the low-power RedCap UE which has 6 dB lower min. peak EIRP compared to PC3.
Gain drop for spherical coverage requirements
To complete EIRP and EIS requirements RAN4 must determine a reasonable expectation of spherical coverage. While PC3 (both, peak and spherical coverage) requirements assume glass packaging, this is neither necessary nor advantageous for a low power device intended for industrial applications. Without the constraint of glass packaging, spherical coverage performance per antenna module can be much improved from PC3 expectation.
In figure 2.3.2-1, we show antenna gain CDFs for a 2x1 module.  Gain drop from peak to the 50th %ile point range from about 8.5 in the low bands to about 11 dB in n260. 
Full hemispherical coverage is however difficult to guarantee with a single planar array due to the practicalities of packaging. A patch element in free space has usable coverage all the way down to the equatorial plane. This coverage reduces when a larger ground plane is added, as is typical in FWA-like packaging, which increases element directivity. There is further reduction in equatorial plane coverage when mechanical structures are added in the proximity of the antenna module in the UE. Ground plane and structures can differ from UE to UE. The result is that more and more implementation allowance may be needed in the requirement as the coverage percentage increases towards 50%, i.e when coverage approaches hemispherical. Figure 2.3.2-1: Spherical coverage gain CDFs for a 2x1 module with plastic covering


Based on our estimates the following gain drops are reasonably implementable by single module UEs:Cone half-angle ‘a’

	[bookmark: _Hlk32225119][bookmark: _Hlk32316771]Coverage cone half-angle ‘a’
	45 ⁰
	60 ⁰
	90 ⁰

	Coverage, fraction of sphere surface 
	15%
	25%
	50%

	%ile rank of gain drop specification
	85th 
	75th 
	50th 

	Band
	Gain drop from peak direction (dB)

	n257
	6
	8
	13

	n258
	6
	8
	13

	n259
	7
	9
	14

	n260
	7
	9
	14

	n261
	6
	8
	13

	n262
	7
	10
	15



The 45⁰ half-angle specification point is used by both PC1 and PC5, while the specification point of the right-most column (50% coverage) is used for PC3.
From a UE perspective, the 85th %ile coverage point is preferred for specification in terms of easily predictable performance, but from a deployment perspective an assurance of hemispherical coverage may be preferable. A reasonable middle way would be to specify spherical coverage for a 60⁰ cone half angle, or at the 75th %ile direction.
Proposal 2: For the low-power RedCap UE, spherical gain drop from peak direction is specified along the 75th %ile direction as:
	Band
	n257
	n258
	n259
	n260
	n261
	n262

	Gain drop (dB)
	8
	8
	9
	9
	8
	10



Other RF requirements
The requirements for Pmin are determined from UE proximity to the gNB. Unless there is a significantly different deployment scenario for networks with the RedCap UE, Pmin requirements from PC3 can be reused for the low-power RedCap UE. 
The off-power requirement and time mask requirements apply to FR2 UEs of all power classes, so they too can be carried over to the RedCap low power UE.
Similar arguments can be made for the requirements in clauses 6.4 and 6.5 
Proposal 3: Clause 6.3, 6.4 and 6.5 requirements for PC3 are applicable to RedCap low power UE.   
The beam correspondence requirements do not explicit treatment if they are covered under the general requirement in 6.6.1, i.e. RedCap UEs are expected to be bit 1 UEs (no network assistance to find optimal beams). If RedCap UEs proliferate, bit 0 beam correspondence behavior represents a significant and avoidable network overhead.
Proposal 4: General requirements for Beam Correspondence (6.6.1) apply to all RedCap UEs.     
Side-conditions for the beam correspondence requirement have some dependence on the agreed gain drop and sensitivity levels of the UE.
On the Rx side, clauses 7.4 (max. input power), 7.5 (ACS) and 7.6 (IBB rejection) are all PC agnostic and can be applied to RedCap UEs.
Proposal 5: Requirement clauses 7.4, 7.5 and 7.6 are applicable to all RedCap UEs.    
Conclusion
Observation 1: A single module low power UE is better suited to the RedCap mission. 
Proposal 1: REFSENS is degraded 3 dB from PC3 for the low-power RedCap UE which has 6 dB lower min. peak EIRP compared to PC3.
Proposal 2: For the low-power RedCap UE, spherical gain drop from peak direction is specified along the 75th %ile direction as:
	Band
	n257
	n258
	n259
	n260
	n261
	n262

	Gain drop (dB)
	8
	8
	9
	9
	8
	10



Proposal 3: Clause 6.3, 6.4 and 6.5 requirements for PC3 are applicable to RedCap low power UE.   
Proposal 4: General requirements for Beam Correspondence (6.6.1) apply to all RedCap UEs.     
Proposal 5: Requirement clauses 7.4, 7.5 and 7.6 are applicable to all RedCap UEs.    
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Agreement: For Min EIRP and array arrangement for wearable use case RedCap UE, agree on

® 20log(2) = 6 dB lower than FR2 PC3, reduce to half array size of PC3 with array arrangement of (4x1 single panel or 2x1
dual panel, dual pol).




image2.png
0.8

0.6

04

0.2

[n2se
n261

[ In260

Spherical coverage

Gain (dBi)





image3.png
0.8

0.6

04

0.2

[n2se
n261

[ In260

Spherical coverage

Gain (dBi)





