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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 3 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 in WF [1].
	System assumptions 
· General deployment assumption for DL split between TRPs to enable 4L reception
· Proposal: To support 4L DL MIMO reception at the UE when configured with 2 active TCI states, polarization multiplex (2 layers/direction) + spatial multiplex (2 directions) is assumed at the UE.
· Note: This proposal is for general deployment assumption, not aimed at UE RF assumption

· Scope definition for UE RF requirements
· Proposal: 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., total 2 layers for both directions

· DCI scheme when UE is configured for 2 active TCI states for UE RF requirements
· Proposal: For setting the UE RF requirement when the UE is configured with 2 active TCI states, single DCI scheme is adopted as a baseline.

UE assumptions 
· UE architecture assumption
· FFS whether the concept of panel should not be explicitly used in core requirements and test configurations.
· FFS whether the single panel should be excluded.

Test setups
· How to determine candidate AoA pairs for setting the UE RF requirement
· Further discuss on the on the candidate AoA pairs for setting the UE RF requirement
· One Fixed AoA1 (e.g. Peak) + Full set AoA2. 
· Multiple AoA1 + Full set AoA2. 
· Fixed offset between the two AoAs, both probes swept simultaneously.
· Full set AoA1 + Full set AoA2
· Other solutions are not precluded. Companies are also encouraged to bring the analysis on how to quantify the Refsens value when receiving multiple signals.




In Rel-18, compared to Rel-17, the main difference is that UE should support simultaneous reception from different directions with different QCL TypeD RSs up to 4 layers. 
To support it, at least 2 panels need to be activated simultaneously. Figure 2-1 shows the possible examples of 2-panel placements, such as Back to Back(a), Orthogonal(b), and In line(c). 


Figure 2.1: Example for 2-panel placements
From Figure2-1, Back to Back placement is more applicable for the opposite direction. For RF requirements, which panel placement can be baseline needs to be considered. However, the concept of panel does not need to be specified in core requirements because it is up to UE implementation.
Proposal 1: Consider 2 panels as baseline for UE RF requirements for enhanced FR2-1 UEs.
Proposal 1-1: Consider which placement can be baseline for UE RF requirements among {Back2Back, Orthogonal, In-line} placement.
Proposal 2: Do not define the concept of panel in UE RF core requirements.

Considering the agreement below, REFSENS needs to be defined based on single-layer reception for each DL direction. For the REFSENSE, diversity gain of ‘0dB’ can be assumed as baseline.
· Scope definition for UE RF requirements
· 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., total 2 layers for both directions

And, the expected Rel-18 test procedure can be as follows with 2 links and 2 measurement antennas for 2 TRPs and 2 panels. Here, Link_A and Link_B are assumed for 2 links, and Meas_A and Meas_B are assumed for 2 measurement antennas.
[Rel-18 test procedure]
-   Position the UE so that the beam is formed towards the measurement antennas in the RX beam peak directions.
-   Switch the downlink Link_A and Link_B to 
 PolLink_A= θ-polarization of the measurement antenna, Meas_A and 
 PolLink_B= θ-polarization of the measurement antenna, Meas_B.
-   Determine EIS for θ-polarization (EIS_
-   Switch the downlink Link_A and Link_B to 
 PolLink_A= ϕ-polarization of the measurement antenna, Meas_A and 
 PolLink_B= ϕ-polarization of the measurement antenna, Meas_B.
-   Determine EIS for ϕ-polarization (EIS_ϕ
-   Calculate the resulting averaged EIS as:
EIS = 2*[1/EIS_ +1/EIS_ϕ]-1

Here, EIS_and EIS_ϕ can be determined with the received signal, y_ and y_ϕ respectively as follow.
-   y_ = y(PolMeas_A= PolLink_A=y(PolMeas_B= PolLink_A=
y(PolMeas_B= PolLink_B=y(PolMeas_A= PolLink_B=
-   y_ϕ = y(PolMeas_A=ϕ PolLink_A=ϕy(PolMeas_B=ϕ PolLink_A=ϕ
y(PolMeas_B=ϕ PolLink_B=ϕy(PolMeas_A=ϕ PolLink_B=ϕ
Assuming that the received signal from cross-link is ‘0’, y_and y_ϕ are simplified as,
-   y_ = y(PolMeas_A= PolLink_A=y(PolMeas_B= PolLink_B=
-   y_ϕ = y(PolMeas_A=ϕ PolLink_A=ϕy(PolMeas_B=ϕ PolLink_B=ϕ

Assuming total 2 layers (one layer per direction), y_can be split into yA_ and yB_with each Linky_ ϕis same story. 
-   yA_ = y(PolMeas_A= PolLink_A=
-   yA_ϕ = y(PolMeas_A=ϕ PolLink_A=ϕ
-   yB_ = y(PolMeas_B= PolLink_B=
-   yB_ϕ = y(PolMeas_B=ϕ PolLink_B=ϕ

As a result, the EIS per direction is same as the legacy averaged EIS. In the legacy EIS, diversity gain of ‘0dB’ was assumed.
Proposal 3: Consider diversity gain of ‘0dB’ for EIS requirements of enhanced FR2-1 UEs.

For EIS spherical coverage, 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 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 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 same as the CDF for both panels to be activated simultaneously. 
Figure 2-2 shows one example of K=1 and K=4. Here, all K samples are assumed to be selected at point of CDF 50%-xile considering lowest received power. Here, 
· ‘red-line’ is the CDF for single panel and can be reference as the existing specification for PC3. 
· ‘blue-line’ is the CDF for 2 panels which are activated simultaneously.
· ‘black-line’ is the CDF for 2 panels which 1 sample are selected in 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 which 4 sample are selected in same 50%-xile point in panel#1 based on ‘red-line’ and all samples are considered in panel#2. 

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

From Figure2-2, it is observed that
· There is no difference of CDF between K=1 and K=4 samples when selecting all the K samples at 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 how to evaluate the CDF for multi-Rx. 

Proposal 4: Consider K sample(s) in the legacy spherical coverage of 50%-xile in one panel and all samples in other panel for evaluating CDF of multi-Rx. 
Proposal 4-1: Assume all K sample(s) to be selected at same point of CDF 50%-xile considering 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: Consider 2 panels as baseline for UE RF requirements for enhanced FR2-1 UEs.
Proposal 1-1: Consider which placement can be baseline for UE RF requirements among {Back2Back, Orthogonal, In-line} placement.
Proposal 2: Do not define the concept of panel in UE RF core requirements.
Proposal 3: Consider diversity gain of ‘0dB’ for EIS requirements of enhanced FR2-1 UEs.
Proposal 4: Consider K sample(s) in the legacy spherical coverage of 50%-xile in one panel and all samples in other panel for evaluating CDF of multi-Rx. 
Proposal 4-1: Assume all K sample(s) to be selected at same point of CDF 50%-xile considering lowest received power.
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