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1. Introduction
In RAN #96 [1] the following objectives in the WID was agreed for RAN4 RF discussion:
	Introduce necessary requirement(s) for enhanced FR2-1 UEs with simultaneous DL reception with two different QCL TypeD RSs on single component carrier with up to 4 layer DL MIMO
Enhanced RF requirements:
[bookmark: _Hlk104922953]Specify RF requirements, mainly spherical coverage requirements, for devices with simultaneous reception from different directions with different QCL TypeD RSs
The legacy spherical coverage requirement for reception from a single direction will be kept
PC3 will be prioritized, other power classes should be considered after the PC3 requirements framework is finalized



In this paper, we discuss spherical coverage of single-rx chain UEs and multi-rx chains UEs with different radiation patterns, i.e. a broad beam or a narrow beam. The results are based on electromagnetic simulation of a typical handset with 1x4 arrays.
2. Spherical Coverage Requirements: Receiver Sensitivity
In the current specification 38.101-2, the requirements defined for single-rx chain UEs are summarized below: 
Table 7.3.4.3-1: EIS spherical coverage for power class 3
	Operating band
	EIS at 50th %-tile CCDF (dBm) / Channel bandwidth

	
	50 MHz
	100 MHz
	200 MHz
	400 MHz
	800 MHz
	1600 MHz
	2000 MHz

	n257
	-77.4
	-74.4
	-71.4
	-68.4
	N.A
	N.A
	N.A

	n258
	-77.4
	-74.4
	-71.4
	-68.4
	N.A
	N.A
	N.A

	n259
	-71.9
	-68.9
	-65.9
	-62.9
	N.A
	N.A
	N.A

	n260
	-73.1
	-70.1
	-67.1
	-64.1
	N.A
	N.A
	N.A

	n261
	-77.4
	-74.4
	-71.4
	-68.4
	N.A
	N.A
	N.A

	n262
	-69.7
	-66.7
	-63.7
	-60.7
	N.A
	N.A
	N.A

	n263
	N.A
	-66.2
	N.A
	-60.2
	-57.2
	-54.2
	-53.2

	NOTE 1:	The transmitter shall be set to PUMAX as defined in clause 6.2.4
NOTE 2:	The EIS spherical coverage requirements are verified only under normal thermal conditions as defined in Annex E.2.1.



An example of a three-panel UE simulated at 28 GHz (band n257) with 1x4 arrays placed on different sides of the smart-phone in free space (no user presence) is shown in Figure 1 together with the associated coverage curves. In this example, the current requirements of -77.4 dBm EIS at 50MHz CBW and at 50%-ile is represented with the grey box. The blue, red and orange curves represent the simulated spherical coverage of a UE with 1,2 or 3 panels, i.e. the power envelope of 7 narrow beams per panel at 28 GHz. The maximum EIS is assuming a reference sensitivity level of -86.0 dBm at 50 MHz and 6 dB antenna implementation loss. The values are found for a single element activation of the array – as represent in the figure with the yellow patch antenna element – thus leading to a broad beam, i.e. about 90 degrees radiation pattern in the azimuthal plane. In such case, the simulations show the minimum achievable EIS is -81.8 dBm at 50% and peak EIS is -85.9 dBm. 
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[bookmark: _Ref110336533]Figure 1: Achievable spherical coverage per EIS for multi-rx chains UEs with broad beams at 28 GHz.
Based on Figure 1, the table below summarizes the relative improvements that can be achieved with multi-rx chains. The potential improvements are read from the figure and normalized to single panel values. Note that absolute-% values are directly impacted with antenna implementation loss assumption (6 dB), as well as reference sensitivity values (-86 dBm), but relative improvements would not be changed.
	Achievable improvements with multi-rx chains
	50%-ile EIS [dBm]
	Coverage [%] at -77.4 dBm

	1 panel
	ref
	ref

	2 panels
	+1.8 dB
	+21.9 %

	3 panels
	+ 2.4 dB
	+27.9 %



To summarize, Figure 1 shows that depending on the number of available UE panels, the UEs’ sensitivity varies at the 50-th %-ile by 2-3 dB (i.e. from -79.4 dB to -81.8 dB). Alternatively, at the EIS value of -77.4 dBm, the coverage varies with multiple available panels from 69.3 % to 97.2 % (i.e. by 20-30%). Note that the value in % depends on the insertion loss assumption on the design.
Observation 1: With broad UE beams, the spherical coverage of multi-rx chains UEs varies by at least +1.8 dB and up to +2.4 dB at the 50-th %-ile compared to single-rx chain UEs 
Next, we follow the same approach with the maximum UE beam gain in order to reach maximum UE EIS, that is all 4 elements of the antenna array are used, thus leading to a narrow beam, i.e. about 22 degrees wide in the azimuthal plane. The results with the narrow beams on the UE provide about 6 dB more gain than with broad beam.
Figure 2 shows the power envelope of 7 different narrow beams per panel (-45, -30°, -15°, 0°, 15°, 30° and 45°). The maximum EIS is calculated with a reference sensitivity level of -86.0 dBm at 50 MHz and 6 dB antenna implementation loss. The simulations show the minimum achievable EIS is -87.1 dBm at 50% and peak EIS is -89.3 dBm. 
The UEs’ spherical coverage varies at the 50-th %-ile with the number of available panels from -84.3 dB to -87.1 dB (i.e. by 2-3 dB) for UEs implemented with 1 panel instead of 3 panels.

 [image: Chart, line chart

Description automatically generated]
[bookmark: _Ref110349568]Figure 2: Achievable spherical coverage per EIS for multi-rx chains UEs with narrow beams at 28 GHz.
Based on Figure 2, the table below summarizes the relative improvements that can be achieved with multi-rx chains. The potential improvements are read from the figure and normalized to single panel values.
	Achievable improvements with multi-rx chains
	50%-ile EIS [dBm]
	Coverage [%] at -77.4 dBm

	1 panel
	ref
	ref

	2 panels
	+1.9 dB 
	+6 %

	3 panels
	+2.8 dB
	+6 %



Observation 2: With narrow UE beams, the spherical coverage of multi-rx chains UEs varies by at least +1.9 dB and up to +2.8 dB at the 50-th %-ile compared to single-rx chain UEs. 
3. RX chain architecture considerations
From our companion paper on multi-rx chains for RRM measurements [2], it is seen that RF discussions may be needed to clarify the scope of UE capability with multiple RX chains, since RF architecture considerations may impact RRM measurements, TCI switching requirements and eventually RX scheduling restriction rules.  RRM discussion relies on aspects regarding RF architecture that captures also AGC considerations and time/frequency synchronization aspects.
[bookmark: _Hlk110511119]Although the WID is defined with the term ‘multiple RX chains’, that does not necessarily mean multiple antenna panels. It is possible that multi-RX chains assumes UE implementations including multiple antenna panels, frond-end and further demodulation and RRM. There can be various UE implementation that should be included in the WI scope for requirement study.
[bookmark: _Hlk110510842]Proposal 1: The scope of an RX chain architecture includes possible implementations and UE capabilities as listed below:
a) Multiple Antenna panel
b) Multiple Antenna panel + AGC
c) Multiple Antenna panel + AGC + front-end, FE (time and frequency sync)
Furthermore, there may be different assumptions on the number of layers that can be associated to each UE panel, which would have implications on RRM discussions on multi-rx chains. In the one case, all 4 layers may be connected to the same UE panel as shown in the figure below: 


Figure 3: All 4 layers may be connected to the same UE panel.
In another case, only 2 layers may be connected to one UE panel and 2 other layers may be connected to another panel thereby limiting 4-layer use case to the coverage of 2 UE panels and the AoA separation to more than 90 degrees, as shown in the figure below:


Figure 4: Only 2 layers may be All 4 layers may be connected to the same UE panel.
Since both architectures seem feasible, it may be relevant to note that there is no restriction to one or another. Such scope may impact the discussion on separation between two AoAs. Indeed, e.g. for handheld devices, if a single panel supports 4 layers, the AoAs may have a small separation (i.e. below 90 degrees as HPBW of broad UE beam). Else, if a single panel only supports 2 layers, the separation between the AoA needs to be equivalent to being directed towards two different UE panels (i.e. above 90 degrees or towards a part of the sphere where two panels overlap). Indeed, the larger the overlap, the smaller the difference in AoAs is acceptable.
Proposal 2: Clarify that the scope includes UE RF architectures where 4 layers may be supported by a single panel or by two or more panels in order to progress on the discussion on the separation between the AoA.
Observation 3: When a single panel supports 4 layers, even though the AoAs may have a small separation the simultaneous reception can be supported. When a single panel only supports 2 layers (and 2 panels are needed to simultaneously operate for 4-layer reception), the separation between the AoA needs to be such that they are directed towards two different UE panels.
4. Conclusion
In this contribution, we made the following observations and proposal:
Observation 1: With broad UE beams, the spherical coverage of multi-rx chains UEs varies by at least +1.8 dB and up to +2.4 dB at the 50-th %-ile compared to single-rx chain UEs 
Observation 2: With narrow UE beams, the spherical coverage of multi-rx chains UEs varies by at least +1.9 dB and up to +2.8 dB at the 50-th %-ile compared to single-rx chain UEs. 
Proposal 1: The scope of an RX chain architecture includes possible implementations and UE capabilities as listed below:
a) Multiple Antenna panel
b) Multiple Antenna panel + AGC
c) Multiple Antenna panel + AGC + front-end, FE (time and frequency sync)
Proposal 2: Clarify that the scope includes UE RF architectures where 4 layers may be supported by a single panel or by two or more panels in order to progress on the discussion on the separation between the AoA.
Observation 3: When a single panel supports 4 layers, even though the AoAs may have a small separation the simultaneous reception can be supported. When a single panel only supports 2 layers (and 2 panels are needed to simultaneously operate for 4 layer reception), the separation between the AoA needs to be such that they are directed towards two different UE panels.
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