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1.	Introduction
According to the work plan [1], RF requirements of FR2 multi-Rx chain DL reception are supposed to be discussed based on system assumption and UE assumption. 
On top of our companion contribution on system and UE assumption [2], this contribution shares our view on the RF requirement concept including terminology, DCI schemes, 2AoA angle separation, 2AoA sensitivity, power imbalance, and test setup as well.
2. 	Discussion
2.1	panel and antenna module
In last RAN4 meeting, ‘panel’ was agreed as a logical construct (mainly following RAN1) for better communication. Furthermore, ‘antenna module’ was proposed to replace ‘panel’ to avoid ambiguity when panel means a physical panel. It was unfortunately put into square bracket for the statement related to single antenna module, shown as first bullet below [3]:
	Way Forward: 
· [The scenario where a single antenna module is used to receive two AoAs simultaneously should not be excluded. Whether a UE with single antenna module can satisfy the requirement or not will be an implementation issue]. 
· [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 1.2 ]



We see no controversial issue after replacing panel with antenna module. So we propose to agree the first bullet.
Proposal 1:	The scenario where a single antenna module is used to receive two AoAs simultaneously should not be excluded. Whether a UE with single antenna module can satisfy the requirement or not will be an implementation issue.
Meanwhile, antenna module terminology is just adopted for convenience of communication, it is not necessary to be referenced in requirements and test configuration as it is highly correlated with UE implementation.
Proposal 2:	‘antenna module’ is not referenced in the final UE RF requirement and test configuration.

2.2	single DCI and multi-DCI
There was extensive discussion in last meeting on DCI schemes. Single DCI was agreed as baseline to derive requirements for this 4 layer MIMO feature, but it is unclear how to handle multi-DCI UE if single DCI is the unique one. The agreement of last meeting includes multi-DCI UE and further study how to handle the two types of UEs [4].
	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.



In our view different DCI schemes are not necessarily leading to different RF requirements. Baseband parameters may slightly differ between single DCI and multi-DCI but from RF performance point of view, especially EIS spherical coverage, there is no necessity to specify two sets of requirements. So for DCI scheme RAN4 should consider multi-DCI together with single DCI when deriving RF requirements. The configuration and requirements should accommodate worst case between single DCI UE and multi-DCI UE aiming to specify same RF requirements.
Proposal 3:	RAN4 should consider multi-DCI together with single DCI when deriving RF requirements. The configuration and requirements should accommodate worst case between single DCI UE and multi-DCI UE aiming to specify same RF requirements.
2.3	2AoA angel separation
The small AoA separation issue was proposed in RAN4#104e meeting in our contribution [5]. After further discussion in RAN4#104e-bis meeting, following options are captured in the WF [3]:
	Way forward: FFS how to treat the small AoA separation condition:
Option 1: The requirements for FR2 multi-RX chain DL do not apply when angle separation smaller than a minimum threshold.
Option 2: The RF requirement for any AoA pair is defined with assumption that TRP1 uses  polarization when TRP2 uses  polarization and vice-versa (and are the angular coordinates of the test system grid). 
Option 3: Both option 1 and option 2 can be considered.
Option 4: Others.



In our view, option 1 and option 2 are not contradicted to each other. Especially option 2 alone could not fully address the small AoA separation issue.
In our companion contribution [2], we have discussed the deployment scenarios and highlighted the importance of deployment assumption for UE RF requirements derivation. Three deployment scenarios are illustrated:
· good coverage for 4 layer (scenario #1)
· modest coverage for 4 layer (scenario #2)
· poor coverage for 4 layer (scenario #3).
All above deployment scenarios indicates that small AoA angle separation never occurs. Taking the most conservative one for example, i.e. good coverage for 4 layer (scenario #1) as shown in Figure 1. Inside the common coverage of TRP1 and TRP2, the minimum AoA separation is 60°. Even some margin is considered for UE located a little outside the common coverage while also suitable for 4 layer reception, obviously the 2AoA separation is only a little smaller than 60°.
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Figure 1. Good coverage for 4 layer MIMO (scenario #1 from [])
From deployment scenario perspective, the 4 layer DL MIMO reception never happen for small AoA separation case as discussed above; 
From UE antenna beam forming and beam steering perspective, the spatial multiplexing condition is not satisfied for small AoA separation case. 
Observation 1:	4 layer DL MIMO reception never happen for small AoA separation case from both deployment scenario perspective and UE antenna performance perspective.
It can be concluded that small AoA separation case never occurs in practical usage of 4 layer DL MIMO reception. So it is proposed that the requirements for FR2 multi-RX chain DL do not apply when angle separation smaller than a minimum threshold.
Proposal 4:	the requirements for FR2 multi-RX chain DL do not apply when angle separation smaller than a minimum threshold.

2.4	2AoA sensitivity and power imbalance
In last RAN4 meeting, it was agreed to further study the power imbalance together with how to specify 2AoA sensitivity. Based on previous discussion, also considering deployment scenarios, it can be identified that the power imbalance between 2AoA for 4 layer DL MIMO reception is expected to be small. The problem is a constant power imbalance value is not feasible for sensitivity test. Sensitivity is a special test case in which the DL power is the measurement result itself, so it could not be preconfigured with a fixed power imbalance value.
Observation 2:	a constant value of power imbalance configuration is not feasible in sensitivity test.
According to the experience of FR2 inter-band CA on PSD difference discussion, there could be two options for the power imbalance issue of 4 layer DL MIMO reception: Option 1 is simultaneous sensitivity between the 2AoA (i.e., get EIS1 of AoA1 and EIS2 of AoA2 simultaneously); Option 2 is to set the untested AoA with a constant DL signal level comparable with spherical coverage requirement. 
Proposal 5:	Down-select power imbalance from following two options: Option 1 is simultaneous sensitivity for the 2AoAs; Option 2 is to set the untested AoA with a constant DL signal level comparable with spherical coverage requirement. 
If going with Option 2 which is similar as that of IBM inter-band CA, obviously we need to distinguish measurement AoA and anchor AoA, where anchor AoA is set with constant DL signal level and no sensitivity measurement in anchor AoA;  
If going with Option 1 which is simultaneous sensitivity, we still need to discuss whether we need to distinguish measurement AoA and anchor AoA or not. Because in current testability SI discussion, the “full set AoA1 + full set AoA2” is already excluded, therefore AoA1 and AoA2 are not equally treated in rotation system for all existing options on the table [6], it seems not a fair situation to treat both AoA1 and AoA2 as measurement AoA, but more reasonable to treat “full set AoA1” as measurement AoA and to treat “non-full-set AoA2” as anchor AoA.
Observation 3:	For existing test setup which are all “Full set AoA1 + non-full-set AoA2”, it seems not a fair situation to treat both AoA1 and AoA2 as measurement AoA, but more reasonable to treat “full set AoA1” as measurement AoA and to treat “non-full-set AoA2” as anchor AoA.
So it is necessary to discuss the “measurement AoA & anchor AoA” issue which is also part of requirement concept.
Proposal 6:	It is proposed to discuss the “measurement AoA & anchor AoA” issue between following two options: Option 1 is measurement AoA1 and measurement AoA2; Option 2 is measurement AoA1 and anchor AoA2 
If both full set AoA1 and non-full-set AoA2 are treated as measurement AoA, then 2 EIS results could be obtained for each rotation in measurement grid. Then the next issue would be how to handle EIS1 and EIS2, e.g., EIS1 and EIS2 could combined in some way. It is noticed that the test setup of the two AoA arrangement in chamber will greatly impact the final test results. If EIS1 and EIS2 are to be combined, the combining metric should be fair in conjunction with test setup.
Observation 4:	If EIS1 and EIS2 are to be combined, the test setup of the two AoA arrangement in chamber will greatly impact the final test results, and thus the combining metric should be fair in conjunction with test setup.

2.5	test setup
In last RAN4 meeting, there is agreement on relation between testing and core requirement: “Requirement discussions need to consider testability issue so that the defined requirement can be properly verified” [4]. The discussion in section 2.4 also shows that the requirements are highly correlated with test setup. It seems not possible to determine core requirements without considering how the 2AoA probes are arranged in chamber.
In the FR2 OTA testability SI discussion of last meeting, the options on the table are focusing on “Full set AoA1 + non-full-set AoA2” as shown in the WF [6]
	Issue 1-1-2: Offset between AoA1 and AoA2
· Proposals: It is suggested to further discuss the following options and to align the understanding between test method SI and core requirements WI:
· Option 1: Fixed Angular Offset(s) between AoA1 and AoA2 in the chamber. The angular separation between AoA1 and AoA2 is NOT changing during the testing mapping to option 2a in issue 1-2-1
· Option 2: Variable Angular Offset(s) between AoA1 and AoA2 in the chamber where AoA2 is fixed with respect to the UE during the test. The angular separation between AoA1 and AoA2 is changing during the testing mapping to option 2b in issue 1-2-1
· Option 3: Full degrees of freedom for AoA1 with partial freedom of variable angular offset(s) between AoA1 and AoA2 mapping to option 2c in issue 1-2-1
· Agreements:
· Depends on the outcome of Issue 1-2-1. Need further discussion in next meeting.



It is worth mention that the reference coordination system of AoA can be with respect to test chamber, or can be with respect to UE.  Here whether the angular offset(s) between AoA1 and AoA2 is fixed or variable is with respect to test chamber.
Based on above discussion, it is proposed to discuss core requirement in conjunction with the test setup in FR2 OTA testability SI, basic test setup should also be a topic to be discussed in core requirement.
Proposal 7:	it is proposed to discuss core requirement in conjunction with the test setup in FR2 OTA testability SI, basic test setup should also be a topic to be discussed in core requirement.

3. 	Conclusion
Proposal 1:	The scenario where a single antenna module is used to receive two AoAs simultaneously should not be excluded. Whether a UE with single antenna module can satisfy the requirement or not will be an implementation issue.
Proposal 2:	‘antenna module’ is not referenced in the final UE RF requirement and test configuration.
Proposal 3:	RAN4 should consider multi-DCI together with single DCI when deriving RF requirements. The configuration and requirements should accommodate worst case between single DCI UE and multi-DCI UE aiming to specify same RF requirements.
Observation 1:	4 layer DL MIMO reception never happen for small AoA separation case from both deployment scenario perspective and UE antenna performance perspective.
Proposal 4:	the requirements for FR2 multi-RX chain DL do not apply when angle separation smaller than a minimum threshold.
Observation 2:	a constant value of power imbalance configuration is not feasible in sensitivity test.
Proposal 5:	Down-select power imbalance from following two options: Option 1 is simultaneous sensitivity for the 2AoAs; Option 2 is to set the untested AoA with a constant DL signal level comparable with spherical coverage requirement. 
Observation 3:	For existing test setup which are all “Full set AoA1 + non-full-set AoA2”, it seems not a fair situation to treat both AoA1 and AoA2 as measurement AoA, but more reasonable to treat “full set AoA1” as measurement AoA and to treat “non-full-set AoA2” as anchor AoA.
Proposal 6:	It is proposed to discuss the “measurement AoA & anchor AoA” issue between following two options: Option 1 is measurement AoA1 and measurement AoA2; Option 2 is measurement AoA1 and anchor AoA2 
Observation 4:	If EIS1 and EIS2 are to be combined, the test setup of the two AoA arrangement in chamber will greatly impact the final test results, and thus the combining metric should be fair in conjunction with test setup.
Proposal 7:	it is proposed to discuss core requirement in conjunction with the test setup in FR2 OTA testability SI, basic test setup should also be a topic to be discussed in core requirement.
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