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1	Introduction 
At RAN#95, the WI of NR frequency range 2 (FR2) multi-Rx chain DL reception was approved [1], which was updated at RAN#96 [2]. in which one aspect of RF objectives is to be revisited, copied below for easy reference.  
· 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

As this is the first RAN4 meeting, we share our initial views on how to start the specification work in this contribution. 
2	Discussion
2.1 Principles on requirement specification
Back in R15 when legacy spherical coverage requirement for reception from a single direction was discussed and debated, the general understanding is an FR2 UE needs to be equipped with more than one antenna panel to be able to meet the spherical coverage requirement, although this was not explicitly captured in RAN4 evaluation study so flexible implementations can be allowed. In addition, to ensure good field performance, the UE is expected to have two or more panels to deal with beam blocking effects.

When RAN4 specifies requirement for multi-panel reception, it is reasonable to minimize the hardware impact on legacy UEs as much as possible. This is in the interests of both mobile operators and end users to facilitate the fast deployment of the feature. 

Proposal 1:	 The new RF requirements should be specified with the aim to minimize RF impact on legacy UEs/RF designs. 

So far in RAN1 R16/17 discussion, it is always assumed that a UE is not required to report its physical panel ID for either transmission or reception in the multi-TRP/multi-panel environment. When specifying requirement for multi-panel RX, the same principle of not requiring a UE to disclose its implementation details should be kept. Specifically, a UE is not required to disclose how many panels it may have and/or how each panel performs. This should apply to testing. We understand there is a dedicated OTA testing SI starting in parallel [3] and the discussion and conclusion over that SI needs to be considered in this WI, especially the testing constraints.

Proposal 2: 	The new RF requirements should be defined in an implementation-agnostic manner and the associated testing should be specified in such a way that a UE is not required to disclose its implementation details such as the number of panels or how each panel performs.
2.2 Considerations of UE implementations
To support simultaneous DL reception with two AoAs, the UE is expected to use two panels. It is useful to look at the following three common implementations, and how they may support two AoAs.
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Case 1: UE with two panels of different beamforming capability
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Case 2: UE with two panels of similar beamforming capability, and the scanning ranges do not overlap 

[image: ]
Case 3: UE with two panels of similar beamforming capability, and the scanning ranges overlap

For the multi-panel case with simultaneous reception, the panels may not have the same performance, where physical limitations and constraints, such as thermal noise effects, routing losses, and other design constraints, may restrict the scanning range and gain of each panel. 

Observation 1:	For the multi-panel case with simultaneous reception, the panels may not have the same performance, where physical limitations and constraints, such as thermal noise effects, routing losses, and other design constraints, may restrict the scanning range and gain of each panel.

With this, two types of UE implementation can be considered

· Type 1 (Case 2 and 3): Receive two AoAs using two panels with comparable coverage and EIS performance. Each panel has independent Rx chains.
· Type 2 (Case 1): Receive two AoAs using two panels with imbalanced coverage and EIS performance. Each panel has independent Rx chains.

Observation 2: 	The scenario where a single panel is used to receive two AoAs should not be considered in this WI.


In Case 1, we observe that for certain selections of AoA1 and AoA2, as shown in the figure, the UE can receive the two signals at different radiated sensitivity levels, due to the imbalance in the scanning range and gain of the two panels. 

For Case 2, we observe that for certain selections of AoA1 and AoA2, as shown in the figure, the UE can receive the two signals at similar radiated sensitivity levels. However, for this condition to hold, certain assumptions about the spatial relationship between AoA1 and AoA2 need to be considered. 

For Case 3, and for certain selections of AoA1 and AoA2 that are different from Case 2 (i.e. there is some overlap in the panels’ coverage), both panels can receive the two signals at similar radiated sensitivity levels. However, for this condition to hold, further assumptions about the spatial relationship between AoA1 and AoA2 need to be considered.

In general, an investigation into AoA distributions from the UE perspective based on typical network layouts in TR 38.803 will be helpful to understand if it is feasible, and if feasible then how, to make the assumptions about the spatial relationship between AoA1 and AoA2.  This consideration is an important side condition in the definition of the requirement and can drive test methodology definition decisions.

2.3 Framework of defining the new EIS spherical coverage requirement

Based on the previous discussion at RAN#95 and RAN#96, companies tend to approach the new requirements in a two-step manner:
· The first step is to limit the range of two AoAs over the sphere that the UE can support simultaneously. This is motivated by considering real UE performance with implementation constraints. That is, it is very unlikely that the UE can support any two random AoAs over its entire coverage sphere. During the past plenary meetings, the follow three alternatives are discussed among interested companies including Samsung, Qualcomm, vivo, OPPO, and Apple, etc. and can be summarized as 
· Alt. 1: 2 AoAs can only be selected within top N%-ile EIS spherical coverage.
· Alt. 2: 2 AoAs can be only be selected within the N% spherical coverage.
· Note: N% spherical coverage is not the top N% coverage (or N%-ile coverage)
· Alt.3: 2 AoAs can be selected if the corresponding EIS values of both AoAs are smaller than a threshold, e,g. the legacy spherical coverage percentile.
· Once the range of two AoAs is determined, the second step is to further decide the range of each AoA with some maximum EIS values.

Meanwhile, we would also like to note the above alternatives 1-3 are discussed based on the legacy spherical coverage performance, which assumes that at any time the UE activates one panel for reception based on its panel selection algorithm to select the best panel from all the panels the UE has. When the UE supports two AoAs simultaneously, UE’s panel selection will be constrained and thus the legacy spherical coverage performance would not be attained if the UE uses any of its panel. This effect needs to be further considered in both Step 1 and in Step 2 when determining the range and the associated EIS value for either of the two AoA supported by the UE simultaneously.


Proposal 3: 	The range of two AoAs, which concerns the level of EIS of two AoAs and how much 2 AoAs can cover over the whole sphere, should be investigated.
   
2.4 Open issues
With Proposal 3, we aim to determine the range of the two AoAs. However, there are still some critical issues to be further addressed regarding the second step: 

Once the range of 2AoAs are determined, how can it be divided for each AoA? Is there a minimum range required for each AoA? Several factors should be taken into account.
· A key goal of requirement specification is to accommodate different UE implementations.
· Possible RF constraints, e.g., how close in the angular domain can two AoA be so that the UE’s two panels can still differentiate them. In other words, in case two AoAs have small angular difference, can simultaneous RX still work?
· What RF architecture impairments and constraints can be considered?
· How to decide the pass/fail limit?


Proposal 4: 	Open issues should be further investigated.

It is also noted that testing issues and constraints are expected to be handled in the companion OTA testing SI [3].

 
3	Conclusions
In this contribution, we make the following proposals.

Observation 1:	For the multi-panel case with simultaneous reception, the panels may not have the same performance, where physical limitations and constraints, such as thermal noise effects, routing losses, and other design constraints, may restrict the scanning range and gain of each panel.

Observation 2: 	The scenario where a single panel is used to receive two AoAs should not be considered in this WI.

Proposal 1: 	The new RF requirements should be specified with the aim to minimize RF impact on legacy UEs/RF designs. 

Proposal 2:	The new RF requirements should be defined in an implementation-agnostic manner and the associated testing should be specified in such a way that a UE is not required to disclose its implementation details such as the number of panels or how each panel performs.

Proposal 3: 	The range of two AoAs, which concerns the level of EIS of two AoAs and how much 2 AoAs can cover over the whole sphere, should be investigated.

Proposal 4:	 Open issues should be further investigated.
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