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Introduction
In RAN#96e meeting, the revised work item [RP-221753] on Requirement for NR frequency range 2 (FR2) multi-Rx chain DL reception was approved. Part of the objective is as follows:
· 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
· [bookmark: OLE_LINK1]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 RAN4 #105 meeting, the following agreements were achieved in chairman notes or WF [R4-2220533] for UE RF requirements for simultaneous DL reception with up to 4 layer MIMO:
	Agreement: 
· Take Option 1 as the starting point
· Multiple fixed orientation of the AoAs or single fixed orientation of AoA can be considered for test
· Multiple fixed AoA offset values or single fixed AoA offset value can be considered for core requirement
Agreement : 
· Only consider the requirement listed in the WID.
Agreement: 
· FFS on the number of angular separation including values for the UE RF requirements.
Agreement : 
· FFS on how to specify the RF requirements to ensure the minimum benefit of two AoAs for the network.
Agreement: 
· Consider AoA setup and deployment scenario as a package.
Agreement: 
· The same numerology (SCS and CP) is assumed for the two AoAs in Rel-18.
Agreement: 
· No more than 2AoA cases are considered in this release as specified in the WID.
[bookmark: OLE_LINK3]Agreement : 
Multi-Rx requirement concept can be further discussed based on the listed candidate options. Interested companies are encouraged to provide analysis in next meeting. Other candidate options are not precluded.
· Candidate Proposals
· Option 1: Requirement is based on 2AoA directional sensitivity statistics. 
· Option 1a: Spherical coverage requirement is based on a pair-wise EIS value defined as max(EIS_AoA1, EIS_AoA2). (R4-2218166)
· Option 1b: spherical coverage requirement is defined based one “joint sensitivity”, i.e., . TJ2AS = f(J2ASAoA1, AoA2, J2ASAoA1, AoA2, J2AS AoA1 AoA2, J2AS AoA1, AoA2) for sDCI (R4-2219852)
· [bookmark: _Hlk114739493]Option 1c: Spherical coverage requirement is based on EIS degradation, i.e. EIS tolerance = max(∆EIS_1, ∆EIS_2) ≤ [TBD] dB (R4-2218874)
· Option 2: Requirement is based on the spherical coverage EIS of AoA1 (which is swept over the full sphere), and a fixed/pre-defined power level for AoA2 (R4-2218166)
· Option 3: Only verify the UE functionality (e.g., go or no-go) under two AoAs with a fixed DL power level. In other words, the UE can achieve EIS performance not worse than YdBm on the test point pair (corresponding to 2 AoAs) and the ratio of qualified test points over the whole sphere is M%. (R4-22218755, R4-22219497)
· Option 4: RAN4 considers specifying the demod requirements of multi-Rx in FR2 with pre-defined side condition, instead of defining the two-AoA spherical coverage requirement (R4-2218166)
Agreements : 
· the mTRP assumptions achieved by RAN1 in the physical layer design (including TR38.802) can be taken as one of the references in deployment scenario discussion. Interested companies are encouraged to provide their analysis on deployment scenario and associated AoA setup in next meeting.
Agreement:
· Option 1: Multiple aspects may be chosen:
· Aspect 1: The RF requirement can be defined for any AoA pair with assumption that TRP1 uses  polarization when TRP2 uses  polarization and vice-versa without any limitation of angular separation between two AOAs. (R4-2219125)
· Aspect 2: Limit the polarization combinations (from 4 possible:  and )) for the 2-DL spherical coverage test case (R4-2219852)
· Option 2: Take the mTRP system level assumptions in TR38.802 as the baseline and further discuss whether any additional constraints on DL polarization are necessary for the RF requirement definition.
· Other options are not precluded.
Agreement：
· Strive to define single set of requirements for both sDCI and mDCI. 
· Further study is needed to understand the difference between sDCI and mDCI and how to accommodate such difference in single set of requirements if feasible. 
Agreement：
· 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.
Agreement: 
· The terms ‘antenna module’ and “panel” are not referenced in the final UE RF requirement and test configuration
· The scenario where a single antenna module is used to receive two AoAs simultaneously should not be excluded. If an antenna module can be used to receive two AoAs simultaneously, it is considered to consist of at least two panels, where the understanding of “panel” is based on Proposal 1 of 1.2.11
· On “panel”, 
·  ‘Panel’ is defined as a group of antenna element that controls beam independently and has the following attributes 
· Within a panel, one beam can be selected and used for DL reception.
· Across different panels, multiple beams (each selected per panel) may be used for DL reception.
· ‘Beam’ is assumed to mean spatial filter associated with reception.
· Confirm that a physical panel with dual polarization is assumed as two “panels”. 
· [Assuming four antenna panels per UE as the reference architecture for deriving the spherical coverage requirement of the spherical coverage requirement for the multi-Rx chain DL reception. The four panels are separated into two pairs, and each pair is composed of two antenna panels with orthogonal polarizations that are co-located. 
· Antenna panels used to receive two AoAs simultaneously is up to UE implementation ]
Agreement:
· For the UE supporting multi-DCI, the RMC of the single carrier can be reused for each layer
Agreements: 
· test time optimization can be further discussed and decided in OTA SI.
Agreement: 
· Test procedures for sDCI and mDCI can be further discussed and decided in OTA SI once the requirement concept and test methodologies are confirmed. Test procedure discussion should be also aligned with requirement discussion and decision including requirement concept. 


In this contribution, we would like to share further views on system parameter and UE architecture of UE RF requirements. 
[bookmark: OLE_LINK20][bookmark: OLE_LINK10][bookmark: OLE_LINK14][bookmark: OLE_LINK13]Discussion  
2.1 Fixed AoA offset value for Test 
The consensus of minimum and maximum AoA angular separation for UE RF testing have reached during the discussion on NR FR2 OTA testing enhancements in RAN4 #105 meeting, which are:
Agreement: 
· 30º for option 2a based on the limitation of test system ability.
Agreement:
·  From test system feasibility aspect, 150º confirmed feasible 
· FFS on the feasibility of supporting values beyond 150º (up to 180º) which subject to further request from RF core requirement discussion) 
In RAN4 #105 meeting, the following agreement was approved for test setup assumption:
Agreement: 
· Take Option 1 as the starting point
· Multiple fixed orientation of the AoAs or single fixed orientation of AoA can be considered for test
· [bookmark: OLE_LINK18][bookmark: OLE_LINK19]Multiple fixed AoA offset values or single fixed AoA offset value can be considered for core requirement
[bookmark: OLE_LINK6][bookmark: OLE_LINK7][bookmark: OLE_LINK9][bookmark: OLE_LINK5][bookmark: OLE_LINK8]In terms of the above agreements, fixed relative AoA separation (Option 1) was approved, while the number of AoA offset value has not reached conclusion. To define whether or multiple fixed AOA offset or single fixed AOA, both intra-cell TRP and intra-cell TRP scenarios should be considered. In general, the intervals of TRP for inter-cell and intra-cell are different, which is shown in Figure 1 below, in which the intervals of TRP in intra-cell TRP scenario is smaller than the inter-cell TRP scenarios due to the cell site distance, etc. 
[bookmark: OLE_LINK24][bookmark: OLE_LINK22]Even with fixed interval between TRP, for example in Fig 2, when UE is moved from location A which is far from the cell, to location B which is close to the cell, then the AOA offset would be changed in order to achieve better transceiver gain. If single fixed AoA offset value is adopted, then the performance would be impacted.
[bookmark: OLE_LINK25][bookmark: OLE_LINK26]Therefore, multiple fixed AoA offset values should be introduced and the number of fixed AoA offset values can be FFS considering that the number of offset values will affect the test complexity.
[image: IMG_256]


Figure 1 AoA offset value for intra-cell TRP and inter-cell TRP 
[image: IMG_256]

Figure 2 AoA offset value for UE move from A to B
[bookmark: OLE_LINK27][bookmark: OLE_LINK23]Observation 1: In order to match both inter-cell and intra-cell TRP, different fixed AoA offset values are needed.
[bookmark: OLE_LINK21][bookmark: OLE_LINK11]Observation 2: In order to match the variable locations of UE, different fixed AoA offset values are needed.
Proposal 1: Multiple fixed AoA offset values should be introduced, the number of fixed AoA offset values are FFS.
2.2 mDCI resource mapping selection
In RAN4 #105 meeting, agreement has been achieved for striving to define single set of requirements for both sDCI and mDCI.
Agreement：
· Strive to define single set of requirements for both sDCI and mDCI. 
· Further study is needed to understand the difference between sDCI and mDCI and how to accommodate such difference in single set of requirements if feasible. 
For mDCI resource mapping of mTRP, UE supports PDSCHs of non-overlapping and partially/fully overlapping in time and/or frequency. As aforementioned, and consideringcomplexity as well, fully overlapping in time and non-overlapping/fully overlapping in frequency, which is also supported by sDCI, should be taken as the starting point for mDCI.
Proposal 2: To define single set of requirements for both sDCI and mDCI, fully overlapping in time and non-overlapping/fully overlapping in frequency should be taken as the starting point for mDCI.
Conclusions
In this contribution, we want to share some further views on system parameter and UE architecture of UE RF requirements. Some proposals are made as following:
Observation 1: In order to match both inter-cell and intra-cell TRP, different fixed AoA offset values are needed.
Observation 2: In order to match the variable locations of UE, different fixed AoA offset values are needed.
Proposal 1: Multiple fixed AoA offset values should be introduced, the number of fixed AoA offset values are FFS.Proposal 2: To define single set of requirements for both sDCI and mDCI, fully overlapping in time and non-overlapping/fully overlapping in frequency should be taken as the starting point for mDCI.
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