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1.	Introduction
[bookmark: _Hlk67504958]The revised work item on Requirement for NR frequency range 2 (FR2) multi-Rx chain DL reception was approved at TSG RAN#96 [1]. One of the objectives of this work item is to:
•	Specify RF requirements, mainly spherical coverage requirements, for devices with simultaneous reception from different directions with different QCL TypeD RSs
Moreover, it is stated in the WID [1] that:
•	The legacy spherical coverage requirement for reception from a single direction will be kept
And that:
•	PC3 will be prioritized, other power classes should be considered after the PC3 requirements framework is finalized.
The subject was discussed at TSG RAN4#104-e and the WF was agreed [2]. This contribution provides a proposal on spherical coverage requirements for FR2-1 multi-Rx chain DL reception comparing to the legacy spherical coverage requirement for reception from a single direction for PC3 UE.

2.	Discussion
The legacy spherical coverage requirement for reception from a single direction for PC3 UE is specified in clause 7.3.4.3 of TS 38.101-2 [3]:
<Start of extraction>
[bookmark: _Toc21340948][bookmark: _Toc29805396][bookmark: _Toc36456605][bookmark: _Toc36469703][bookmark: _Toc37254112][bookmark: _Toc37322971][bookmark: _Toc37324377][bookmark: _Toc45889900][bookmark: _Toc52196575][bookmark: _Toc52197555][bookmark: _Toc53173278][bookmark: _Toc53173647][bookmark: _Toc61119649][bookmark: _Toc61120031][bookmark: _Toc67926102][bookmark: _Toc75273740][bookmark: _Toc76510640][bookmark: _Toc83129797][bookmark: _Toc90591329][bookmark: _Toc98864384][bookmark: _Toc99733633][bookmark: _Toc106577538]7.3.4.3	EIS spherical coverage for power class 3
The reference measurement channels and throughput criterion shall be as specified in clause 7.3.2.3
The maximum EIS at the 50th percentile of the CCDF of EIS measured over the full sphere around the UE is defined as the spherical coverage requirement and is found in Table 7.3.4.3-1 below. The requirement is verified with the test metric of EIS (Link=Spherical coverage grid, Meas=Link angle).
For the UEs that support multiple FR2 bands, the minimum requirement for EIS spherical coverage in Table 7.3.4.3-1 shall be increased per band, respectively, by the EIS spherical coverage relaxation parameter ∆MBS,n as specified in clause 6.2.1.3.  The requirement for the UE which supports a single FR2 band is specified in Table 7.3.4.3-1. The requirement for the UE which supports multiple FR2 bands is specified in both Table 7.3.4.3-1 and Table 6.2.1.3-4.
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.



The requirement shall be met for an uplink transmission using QPSK DFT-s-OFDM waveforms and for uplink transmission bandwidth less than or equal to that specified in Table 7.3.2.1-2.
Unless given by Table 7.3.2.1-3, the minimum requirements for reference sensitivity shall be verified with the network signalling value NS_200 (Table 6.2.3-1) configured. 
<End of extraction>
It can be seen from the extraction above that the legacy spherical coverage requirement includes two target values with which the 95% throughput of the reference measurement channel shall be met: the maximum EIS and the 50th percentile of the CCDF. The requirement is specified for reception from a single direction, where it is assumed that a single receive beam is formed using one or more of the antenna panels depending on UE implementation. For devices with simultaneous multi-Rx chain DL reception from two different directions, it can be assumed that either:
1	A single receive beam is formed (using one or more of the antenna elements/panels depending on UE implementation) with two nearly (exactly is difficult to achieve) equal main lobes to receive the signals from two different directions, where signal from one direction is received by one main lobe of the beam pattern while the signal from the other direction is received by the other main lobe (with nearly but not exactly beamforming gain as the first main lobe) of the beam pattern.
2	Two receive beams are formed (using one or more of the antenna panels depending on UE implementation) to receive the signals from two different directions, where signal from one direction is received by the main lobe of one beam pattern while the signal from the other direction is received by the main lobe of the other beam pattern.
In the first case above, the signal received by the first main lobe of the beam pattern should achieve the legacy spherical coverage requirement for reception from a single direction, while the signal received by the other main lobe of the beam pattern may be allowed some spherical coverage relaxation due to the reduced beamforming gain.
In the second case above, there may be inter-beam interference between the two receive beam patterns depending on UE implementation and AoA separation (e.g., inter-beam interference should be neglectable if they are pointing toward opposite directions). Hence spherical coverage relaxation may need to be allowed for both signals from the two different directions. However, any spherical coverage relaxation will mean coverage sinkage for devices, and thus degrade user experience which is supposed to be improved by multi-Rx chain DL reception. Therefore, at least the signal received from one of the two directions should achieve or closely achieve the legacy spherical coverage requirement for reception from a single direction to maintain the coverage of the device.
To summarize, in both cases above, it is reasonable to expect that at least the signal received from one of the two directions for FR2-1 multi-Rx chain DL reception shall achieve or closely achieve the legacy spherical coverage requirement for reception from a single direction, in order to maintain the coverage of the device when it switches between reception from a single direction and multi-Rx chain reception from two different directions.

3.	Conclusion
This contribution has a proposal on spherical coverage requirements for FR2-1 multi-Rx chain DL reception comparing to the legacy spherical coverage requirement for reception from a single direction for PC3 UE, with the following proposal.
Proposal 1: At least the signal received from one of the two directions for FR2-1 multi-Rx chain DL reception shall maintain the legacy spherical coverage requirement for reception from a single direction.

References
[1]	RP-221753, “Revised WID: Requirement for NR frequency range 2 (FR2) multi-Rx chain DL reception”, Qualcomm Incorporated.
[2]	R4-2214457, “WF on multi-Rx chain DL reception”, Sony.
[3]	3GPP TS 38.101-2 v17.6.0: “NR; User Equipment (UE) radio transmission and reception; Part 2: Range 2 Standalone”.

5

