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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In this paper, we provide our views on UE RF requirements for simultaneous DL reception with up to 4 Layer MIMO in FR2-1 based on the approved WF [1]. 
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Discussion 
Based on the WF[1] which is captured below, we would like to discuss the UE RF requirements. 
	· Agreement
1.1 Panel’ in core requirements
·  ‘Panel’ is not referenced in the final UE RF requirements

· WF
1.2 Panel’ understanding in assumptions for deriving UE RF requirements
· WF : Take the following panel assumption for DL reception, noting panel is a logical construct:
	‘Panel’ is defined as one or multiple as combination of below depending on different UE implementation: 
Unit of antenna group to control beam independently 
0. Within a panel, one beam can be selected and used for DL reception.
0. Across different panels, multiple beams [(each selected per panel)] may be used for DL reception.
0. ‘Beam’ is assumed to mean spatial filter associated with reception.



1.3 Panel to panel interaction in multi-panel UE
· FFS whether the mutual interference between two receive beams need to be considered and whether /how to address it in requirement 

1.4 What should happen when same panel receives DL from multiple directions for UE RF requirement
· [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 ]

1.5 Small AoA separation condition
· 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 

1.6 Definition of joint 2AoA sensitivity and test condition
· Further study the power imbalance together with how to specify 2AoA sensitivity 

1.7 DL RMC for sensitivity condition
· For single DCI, take the RMC in Annex 1 as starting point for further discussion.
· FFS whether the existing 2-layer demod RMC can be reused
· For multi-DCI, FFS the existing RMC for R15 sensitivity can be reused 
1.8 Proposals for joint 2AoA sensitivity spherical coverage requirement
· FFS what is the key performance gain need to be verified for multi-Rx DL reception and how to construct the requirement:
· Option 1: Coverage performance, e.g., proposal 1,2,3,4,7 in Annex2
· Option 2: Simultaneous reception, e.g., proposal 5,6 in Annex2
· Option 3: Others




For 1.2 ‘panel’ understanding in assumptions for deriving UE RF requirements, 
There is still uncertainty on a unit of antenna group to control the beam independently. In general, FR2 UE RF is implemented with dual polarization (v-pol and h-pol) per physical panel which can perform each beam spatially. It means that a physical panel with dual polarization can be assumed as two logical panels. It is needed to be clarified.
Proposal 1: Confirm that a physical panel with dual polarization is assumed as two logical panels.

1.3 Panel-to-panel interaction in multi-panel UE,
The mutual interference between two Rx beams can be reflected in the corresponding spherical coverage requirements. Because, the requirements should be based on the CCDF of receptions under simultaneous two Rx beams. Therefore, it is not necessary to define new requirements other than the spherical coverage requirements. How to specify the requirements needs to be discussed in issue 1.8.
Proposal 2: Not define new requirements other than spherical coverage requirements for panel-to-panel interaction.

1.4 What should happen when the same panel receives DL from multiple directions for UE RF requirement
Based on the proposal 1 on above issue 1.2, the single antenna module to be implemented with dual polarization which can receive two AoAs simultaneously needs to be considered. It can be considered as two logical panels.
And, ‘Whether a UE with a single antenna module can satisfy the requirement or not will be an implementation issue’ is not clear. Does it mean the UE with a single antenna module is allowed not to meet the UE RF requirements of simultaneous two DL receptions? How to support two DL directions with a single antenna module is up to UE implementation, however, the requirements should be met for UE supporting two DL directions regardless of single antenna module and multi-antenna modules. 
Proposal 3: 
· 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 logical panels.
· Define common UE RF requirements for UE with a single antenna module and for UE with multi-antenna modules to support simultaneous reception of two AoAs.

1.5 Small AoA separation condition
Considering real network deployment in which each TRP uses both pol and pol, option 1 is preferred. The minimum angle separation needs to be also defined considering the real network deployment.
Proposal 4: Consider Option 1
· The requirements for FR2 multi-RX chain DL do not apply when angle separation is smaller than a minimum threshold.

1.6 Definition of joint 2AoA sensitivity and test condition
So far, the existing UE RF requirements were defined based on only 1 layer and power imbalance was not considered in the UE RF requirements. 
RAN4 agreed that UE RF requirements for simultaneous reception from different directions shall be based on single-layer reception for each DL direction with dual TCI configuration, i.e., a total of 2 layers for both directions. For the UE RF requirements based on the 2 layers, whether to consider the reception power imbalance or not needs to be studied together with test feasibility. Because the reception power imbalance is impacted due to the change of UE orientation. How to guarantee the power imbalance in test set-up can be a problematic issue.  
Proposal 5: Study whether to consider the reception power imbalance in UE RF requirements or not together with test feasibility.

And, considering 1 layer for each AoA, the diversity gain of ‘0dB’ can be also assumed for the EIS of each AoA same as legacy requirements.
Proposal 6: Consider diversity gain of ‘0dB’ for EIS requirements of 2 AoAs.

1.8 Proposals for joint 2AoA sensitivity spherical coverage requirement
Some proposals for 2AoA sensitivity spherical coverage requirements were provided in the last RAN4 meeting. The key performance gain of 2 options (coverage, simultaneous reception) was discussed with the proposals. However, the relationship between options and how to construct the requirements is not clear. Both coverage performance and simultaneous reception need to be considered.
For the 2AoA sensitivity spherical coverage requirement, how to reduce the test time should be considered together. Because taking huge test time should be avoided. For example, CDF based on all combinations of two different Rx directions requires a huge test time. One candidate is to select one or multiple points for one panel (panel#1 for A-direction) and to select all points for the other panel (panel#2 for B-direction) for deriving CDF of EIS spherical coverage. 
Assuming that 
· Selected sample(s) for panel#1 = X_k, k=1~K
· All samples for panel#2 = Y_n, n=1~N, N = number of all point,
The CDF of all samples for panel#2 can be the same as the CDF for both panels to be activated simultaneously. 
Figure 2-1 shows one example of K=1 and K=4. Here, all K samples are assumed to be selected at the point of CDF 50%-xile considering the lowest received power. Here, 
· ‘red-line’ is the CDF for a single panel and can be referenced as the existing specification for PC3. 
· ‘blue-line’ is the CDF for 2 panels that are activated simultaneously.
· ‘black-line’ is the CDF for 2 panels which 1 sample is selected in a 50%-xile point in panel#1 based on ‘red-line’ and all samples are considered in panel#2. 
· ‘cyan-line’ is the CDF for 2 panels in which 4 samples are selected in the same 50%-xile point in panel#1 based on ‘red-line’ and all samples are considered in panel#2. 

[image: ]
Figure 2-1: Example of CDF for K sample points at 50%-xile in panel#1

From Figure2-1, it is observed that
· There is no difference in CDF between K=1 and K=4 samples when selecting all the K samples at the same 50%-xile point. 
· Assuming ‘Y’dB as delta_dB of the existing spherical coverage requirement for PC3, the delta_dB for multi-Rx is ‘(X+Q)’ dB smaller than Y dB.

The observation needs to be considered for evaluating 2 AoA sensitivity spherical coverage requirements. 
Proposal 7: Consider K sample(s) in the legacy spherical coverage of 50%-xile in one panel and all samples in the other panel for evaluating CDF of multi-Rx. Assume all K sample(s) to be selected at the same point of CDF 50%-xile considering the lowest received power.

Conclusion
In this contribution, we provided our views on the enhanced FR2-1 UE RF Rx requirements. Based on the views, we proposed as follows.

Proposal 1: Confirm that a physical panel with dual polarization is assumed as two logical panels.
Proposal 2: Not define new requirements other than spherical coverage requirements for panel-to-panel interaction.
Proposal 3: 
· 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 logical panels.
· Define common UE RF requirements for UE with a single antenna module and for UE with multi-antenna modules to support simultaneous reception of two AoAs.
Proposal 4: Consider Option 1
· The requirements for FR2 multi-RX chain DL do not apply when angle separation is smaller than a minimum threshold.
Proposal 5: Study whether to consider the reception power imbalance in UE RF requirements or not together with test feasibility.
Proposal 6: Consider diversity gain of ‘0dB’ for EIS requirements of 2 AoAs.
Proposal 7: Consider K sample(s) in the legacy spherical coverage of 50%-xile in one panel and all samples in the other panel for evaluating CDF of multi-Rx. Assume all K sample(s) to be selected at the same point of CDF 50%-xile considering the lowest received power.

References
[1] R4-2217731, “WF on FR2 UE RF requirements for 2AoA DL Rx”, vivo

image1.emf
-15 -10 -5 0 5 10 15 20

Received Signal Power[dBm]

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

C

D

F

CDF of Received Signal Power for K sample points  at 50%-xile in panel#1

1 panel-On:SingleDirection)

2 panels-On:SingleDirection

2 panels-On:TwoDirection-FixPoint(1)

2 panels-On:TwoDirection-MultiPoint(4)

Q dB

Y dB

X dB


