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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-bis-e and the WF was agreed [2]. 
The WF states the following:
	1.1	On UE capabilities for the feature ”simultaneous DL reception with two different QCL TypeD RSs on single component carrier with up to 4 layer DL MIMO”
For UEs supporting single DCI, assume the following set of UE capabilities as pre-requisites:
•	Support of simultaneousReceptionDiffTypeD-r16
•	Support of singleDCI-SDM-scheme-r16
•	Support of 4L DL MIMO 
For UEs supporting multi-DCIs, assume the following set of UE capabilities as pre-requisites:
•	Support of simultaneousReceptionDiffTypeD-r16
•	Support of multiDCI-MultiTRP-r16
•	Support of 4L DL MIMO
FFS if and how RAN4 aims to specify the same RF requirements to accommodate both types of UEs 

Further consider the following options:
•	Option 1: For setting the UE RF requirement when the UE is configured with 2 active TCI states, single DCI scheme is adopted as a baseline, if the UE supports single DCI scheme. If the UE only support multi-DCI scheme, multi-DCI is used. 
•	Option 2: UE RF requirements shall not preclude UEs that do not support the single DCI scheme.

1.2	On using legacy beam management reference signal signaling for this feature
For core requirement and testing, it is assumed that both SSB and CSI-RS are configured to UE for beam management


1.3	On UE panel assumption
UE panel assumption should follow implementation agonistic manner.
•	FFS on how to determine a minimum benefit that a UE must demonstrate when configured for this feature.




This contribution provides proposals on UE RF architectures impacting RF requirements for FR2-1 multi-Rx chain DL reception for reception from two directions for PC3 UE.

2.	Discussion
2.1 Regarding UE capability
For UEs supporting single DCI, assume the following set of UE capabilities as pre-requisites:
•	Support of simultaneousReceptionDiffTypeD-r16
•	Support of singleDCI-SDM-scheme-r16
•	Support of 4L DL MIMO 
For UEs supporting multi-DCIs, assume the following set of UE capabilities as pre-requisites:
•	Support of simultaneousReceptionDiffTypeD-r16
•	Support of multiDCI-MultiTRP-r16
•	Support of 4L DL MIMO
FFS if and how RAN4 aims to specify the same RF requirements to accommodate both types of UEs 

Depending on the UE architecture and capability, we have two types of UEs, as mentioned in the WF. The two types of UEs in the challenging scenario of small AoA separation are represented below. That is to say, some UEs may be able to connect both Rx chains to the same antenna array (i.e. forming multiple beams pointing in similar directions) as in the right picture, other UEs may only be able to connect a single Rx chain per antenna array as in the left picture. The main issue arising from this is the power imbalance may be large between the received signals due to antenna gain imbalance between each branch, hence leading to a preference for support of multi-DCI scheme instead of single-DCI scheme. Indeed, the UE architecture depicted in the left figure would benefit from multi-DCI scheme to deal with power imbalance between the two links, due to one link being received on a side lobe. Single-DCI scheme would limit performance in such a use case because performance is limited by the worst link. On the other hand, the UE architecture depicted in the right figure would benefit from single-DCI scheme since both layers are received with similar power levels.
Observation 1: The UE architecture restricting the number of beams pointing in similar direction would best perform in multi-DCI scheme due to potential power imbalance between the Rx chains. 
Observation 2: In single-DCI, the performance of a given pair of AoAs for a given UE orientation would be dominated by the worst link. 



The small AoA separation may lead to inter-beam interference between the two UE receive beam patterns. However, inter-beam interference should be neglectable for large AoA separation. For large AoA separation, we do not see an issue since each beam can then be aligned with the corresponding probe.
Hence, spherical coverage relaxation may be needed, though only for specific scenarios. As such, we see that different requirements may be needed whether the AoA separation is small or large. This may be represented in the sphere as shown below:


For small AoA separation, the requirements may be impacted by whether the UE supports single-DCI scheme or not. For large AoA separation, the UE can align each beam to the corresponding probe. As such, the requirements may be different for the area covered by small AoA separation (in blue in the above figure) and for the area covered by large AoA separation (grey area in the above figure).
Proposal 1: The requirements need to differentiate whether the AoA separation is small or large. 
Proposal 2: Both single-DCI and multi-DCI scenarios should be considered to accommodate different UE architectures.
Further consider the following options:
•	Option 1: For setting the UE RF requirement when the UE is configured with 2 active TCI states, single DCI scheme is adopted as a baseline, if the UE supports single DCI scheme. If the UE only support multi-DCI scheme, multi-DCI is used. 
•	Option 2: UE RF requirements shall not preclude UEs that do not support the single DCI scheme.

[bookmark: _Hlk117869137]We support Option 1 which is setting the UE RF requirements according to whether the UE supports single/multi- DCI schemes. Nonetheless, note that 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, it is proposed that the requirements corresponding to the large AoA separation (grey area in the above figure) should maintain or closely maintain the legacy spherical coverage requirement for reception from a single direction to maintain the coverage of the device.

Proposal 3: Requirements in the large AoA separation area may be close to current requirements for single direction reception whereas requirements in the small AoA separation may be further relaxed.


3.	Conclusion
This contribution has the following proposals on UE architectures impacting UE RF requirements for FR2-1 multi-Rx chain DL reception.
Observation 1: The UE architecture restricting the number of beams pointing in similar direction would best perform in multi-DCI scheme due to potential power imbalance between the Rx chains. 
Observation 2: In single-DCI, the performance of a given pair of AoAs for a given UE orientation would be dominated by the worst link. 
Proposal 1: The requirements need to differentiate whether the AoA separation is small or large. 
Proposal 2: Both single-DCI and multi-DCI scenarios should be considered to accommodate different UE architectures.
Proposal 3: Requirements in the large AoA separation area may be close to current requirements for single direction reception whereas requirements in the small AoA separation may be further relaxed.
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