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1	Introduction 
At RAN4#104bis, a WF on FR2 UE RF requirements for 2AoA DL Rx [1] was agreed, in which several issues require further discussion. In this contribution, we share our views on those open issues.
2	Discussion
2.1 Principles on requirement specification
In the WF [1], a key agreement was made that ‘Panel’ is not referenced in the final UE RF requirements. Together with the agreement in the other WF [2] that UE panel assumption should follow implementation agonistic manner, it is understood that the new RF requirements is to be defined in an implementation-agnostic manner.
 
Furthermore, it is important to note the different considerations should be taken to define the R15 single AoA EIS spherical requirement and the R18 two-AoA EIS spherical requirement. 
· R15 single AoA requirement is needed to ensure that an FR2 UE can receive sufficiently well from one BS/TRP to maintain good connections, despite the varying UE location relative to BS’s location and the UE rotation. In this sense, it is an essential function for a UE to work in FR2 deployment.
· The case of R18 two-AoA requirement is different. It is a nice-to-have enhancement, but not an essential feature. In other words, the network will benefit from a UE supporting a large range of two AoAs, and the network will also benefit from a UE supporting a limited range of two AoAs. From this perspective, it is not advisable to specify restrictive requirement to discourage the support of this feature by UEs.

 Observation 1:	 Support of two-AoA reception is not an essential feature, but a nice-to-have feature. Therefore, the requirement should not be restrictive to discourage the support of this feature by UEs. 

2.2 ‘Panel’ understanding in assumptions for deriving UE RF requirements
In the WF [1], there are the following agreement:

Way Forward: 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.



At the last meeting, all companies agreed panel is a logical construct, defined as a group of antenna elements (slightly preferred to ‘unit of antenna group’) to generate a beam. With this agreement, if more than one group of antenna elements are used together to generate a beam, all the involved antenna elements can be regarded as one logical panel. Therefore, this panel definition does not preclude the case where multiple groups of antenna elements are used to general one beam.

On the other hand, if the words in brackets, namely “each selected per panel” is removed, the meaning that one beam and only one beam is generated by a panel is lost. Therefore, we support keeping the words “each selected per panel.”

If it is agreeable, we also agree to remove the backets for the following two bullet points:

· [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 ]

With some further polish of the words, we propose
Proposal 1:	 It is proposed to agree to the following definition of panel:
‘Panel’ is loosely defined as a group of antenna element that controls beam independently and has the following attributes 
a. Within a panel, one beam can be selected and used for DL reception.
b. Across different panels, multiple beams (each selected per panel) may be used for DL reception.
c. ‘Beam’ is assumed to mean spatial filter associated with reception.

Proposal 2:	 It is proposed to agree to the following two bullets concerning receiving two AoAs simultaneously with a single antenna module:
· 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 the definition in Proposal 1.

2.3 Requirement concept
We propose two concepts, namely throughput requirement concept and spherical coverage requirement concept, which are described below. 

2.3.1 Throughput requirement concept

Instead of defining a two-AoA spherical coverage requirement, we can consider defining a throughput requirement. 

The idea to introduce spherical coverage related requirements is based on the motivation that it can be used to quantify the likelihood of multi-Rx being used in the field. In high level, the better two-AoA spherical coverage a UE has, the better chance this UE can use multi-Rx. 

However, it is arguable if a UE which has worse two-AoA spherical coverage than another UE should be forbidden from using multi-Rx, e.g., not allowed to indicate the capability to support multi-Rx. Since multi-Rx is not an essential but nice-to-have feature, it is reasonable to assume that once the side condition of two AoAs, e.g., minimum received SNR of both AoA, is met, multi-Rx should be allowed by the capable UE regardless of the corresponding two-AoA spherical coverage performance

Observation 2: 	Once the side conditions of two AoAs, e.g., minimum received SNR of both AoAs, is met, multi-Rx should be allowed by the capable UE. Supporting multi-Rx should not depend on the related spherical coverage performance.

To some extent, the two-AoA feature can be seen as the analogy for MIMO. For MIMO, a UE, which is capable to support higher rank MIMO, is expected to support higher rank MIMO only when the corresponding SNR condition is met. However, the likelihood of higher rank MIMO in the field can be different from UE to UE and is not specified in the spec. 

Proposal 3: 	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.


2.3.2 Spherical coverage requirement concept

For setting the UE spherical coverage requirement, RAN4 should consider “Full set AoA1 + limited set AoA2 with a defined relationship between AoA1 and AoA2” as an option to select the candidate AoA pairs, where the limited set of AoA2 includes all directions that do not fall into the exclusion zone with respect to AoA1. 

There are two alternatives of the requirement concept, each consisting of the following parameters:
Alt. 1: Spherical coverage requirement is based on AoA1 EIS (which is swept over the full sphere), and a fixed/pre-defined power for AoA2.
· AoA2 selection should be subject to exclusion zone limitation, which is further discussed in section 2.4. It is FFS on how AoA2 is determined and factored in AoA1 EIS. 

Alt 2:  Spherical coverage requirement is based on a pair-wise EIS value defined as max(EIS_AoA1, EIS_AoA2).
· The tested AoA pairs should be subject to the limitation of exclusion zone.
· This alternative is also subject to the feasibility and complexity analysis from the testability perspective.

 Both alternatives are additionally subject to the following constraints and/or further investigation:
· Depending the discussion on single DCI and multi-DCIs, the above spherical coverage requirement may need updating. For multi-DCIs, EIS_AoA1 and EIS_AoA2 are treated separately because there are separate RMCs for each AoA, and throughput can be obtained for each AoA. For single DCI, RAN4 is considering using two-layer DL MIMO RMC. This is because the UE is expected to detect both layers (one from each AoA) jointly at the baseband and only aggregated throughput is obtained. In this sense, further discussion is needed on how to treat EIS_AoA1 and/or EIS_AoA2, either separately or jointly.
· The UE should have the freedom to decide to use which panel to support AoA1 and AoA2, to the maximum extent possible, as the order of panel selection for supporting AoA1 and AoA2 may matter in the UE performance. This is in line with the understanding that the RF requirements is to be defined in an implementation-agnostic manner

Proposal 4: 	RAN4 considers Alt. 1 and Alt 2 for specifying the two-AoA spherical coverage requirement.

2.4 Exclusion zone between AoA1 and AoA2
To help define the exclusion zone between AoA1 and AoA2, we investigate the following two aspects.

2.4.1 Offset (angular separation) of AoA1 and AoA2 based on system simulation
To understand if the angular difference between the two AoAs observed in a typical multi-TRP deployment scenario exhibits any pattern, we conduct simulation based on the system simulation assumptions in A.2 in TR 38.802. We simulate the following mTRP scenario as shown below. In particular, the inter-macro TRP distance is 200m, in each cell (hexagon), three micro TRPs are randomly dropped within each dashed circle (i.e., cluster) around the center of the circle (within 20m), following some minimum distance rules (such as the minimum distance between two micro TRPs is 40m, the minimum distance between a micro TRP to a macro TRP is 10m, etc.). UEs are randomly dropped in the cluster (R = 50m).
UE is assumed to have two back-to-back panels (pointing to opposite directions), with 4x1 antenna elements each.
Details of other simulation parameters such as power can be found in Table A.2.1-1 in TR 38.802 corresponding to the Dense urban scenario.
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The analysis methodology for these simulations is as follows:
1.	Assume each site (macro & micro TRP), in the modeled network is a potential point for the mTRP connection
2.	Calculate RSRP between each site, taking into account BS gain in the link direction, UE gain in the link direction, and path loss
3.	Associate TRP1 and TRP2 according to max. RSRP and also according to one of the following panel mapping assumptions:
-	No restriction on panel mapping (i.e., two beams with best RSRP can be mapped to the same panel)
OR
-	Best panel mapping (i.e., one AoA is mapped to the best beam/panel, and the other AoA is mapped to the best beam from the remaining panel)
4.	Calculate AoA1 and AoA2 to these TRPs from the UE perspective
5.	Evaluate the distribution of AoA1 - AoA2 (∆AoA)

Results are shown in Figures 1 and 2 below. 
· It can be seen from Fig. 1 that with unrestricted panel mapping, the distribution of ∆AoA is nearly uniform. In other words, it takes values from 0 to 180 degrees with equal probability. 
· In Fig. 2, with best panel mapping restriction, it can be observed that for 95% of the UEs, ∆AoA > 60 degrees.
· We note the results depend in general on the UE antenna panel assumptions as well as the power levels of the macro and micro nodes. We welcome other companies to share results for comparison.
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Figure 1: Distribution of ∆AoA with unrestricted panel mapping
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Figure 2: Distribution of ∆AoA with best panel mapping restriction

2.4.2 Mutual interference between AoA1 and AoA2
It has been discussed in RAN4 that mutual interference between AoA1 and AoA2 needs to be considered. There are two mechanisms.

The first mechanism is that the UE RX beam formed to receive a wanted AoA, say AoA1, only provides limited spatial rejection to the unwanted AoA, say AoA2. The exact rejection depends on the UE’s antenna array spatial response in the direction of the wanted AoA and the spatial response in the direction of the unwanted AoA, for each pair of AoA1 and AoA2.

The second mechanism is the impact of power imbalance between AoA1 and AoA2 on AGC performance of each Rx chain. In general, the two signals are superimposed on each other with coefficients derived from their angular relationship, as described above. For certain power imbalance ranges, the AGC may adjust the receiver gain such that the stronger wanted signal is clipped and/or the weaker wanted signal’s SNR is degraded.

Below we show some impact of mutual interference on the UE’s EIS performance in Figure 3.
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Figure 3: Simulated AoA1 EIS performance with interference from AoA2
The left sub-plot illustrates the azimuth cuts of the EIS patterns receiving AoA1 for each fixed placement of AoA2 (each curve corresponds to a full sweep of AoA1 with one fixed AoA2).  The red curve shows the legacy EIS pattern (azimuth cut) for a single AoA. The green curve shows the case where AoA2 is fixed to the beam peak direction.

Based on the above consideration, it is necessary to define an exclusion zone as side condition, whose definition is given below.

Proposal 5:	When AoA1 is swept over the full sphere, AoA2 is swept over angles that are outside of the exclusion zone calculated from AoA1, such that AoA2Ze, where Ze defines the exclusion zone as a function of AoA1 (e.g. AoA1 - d,theta < Ze,theta < AoA1 + d,theta and AoA1 - d,phi < Ze,phi < AoA1 + d,phi).  Further study and discussion is needed to determine d,theta and d,phi.

Fig. 4 below shows the EIS performance of AoA1 when such an exclusion zone, i.e., |AoA2 - AoA1| >= 90 degrees, is applied. We note that the exclusion zone value is used here for illustrative purposes only.
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Figure 4: Simulated AoA1 EIS performance with exclusion zone

2.4.3 On using polarization to deal with small AoA offset

In the WF [1], it was agreed to discuss how to treat the small AoA separation condition:

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 Option 2, the UE relies on receiving AoA1 with one polarization and AoA2 with the orthogonal polarization. As we commented at the last meeting, there are several issues/questions with this option.
· Polarization characteristics of the AoA1 and AoA2 signals; for example, can the UE assume that the AoA1 and AoA2 signals transmitted by different TRPs are orthogonal in polarization?
· While in the test setup this controlled polarization is achievable, it is the unlikely case in real deployment, where each TRP transmits signals with both polarizations. If so, then the interference between AoAs and MIMO layers remains to be addressed. 
· One of the objectives of this WI is to enable UE to support 4-layer DL MIMO. Obviously Option 2 cannot be used in this case. 

Proposal 6:	Option 1 is preferred considering real deployment and UE support of 4-layer DL MIMO.

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

Observation 1:	 Support of two-AoA reception is not an essential feature, but a nice-to-have feature. Therefore, the requirement should not be restrictive to discourage the support of this feature by UEs. 
Proposal 1:	 It is proposed to agree to the following definition of panel:
‘Panel’ is loosely defined as a group of antenna element that controls beam independently and has the following attributes 
d. Within a panel, one beam can be selected and used for DL reception.
e. Across different panels, multiple beams (each selected per panel) may be used for DL reception.
f. ‘Beam’ is assumed to mean spatial filter associated with reception.

Proposal 2:	 It is proposed to agree to the following two bullets concerning receiving two AoAs simultaneously with a single antenna module:
· 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 the definition in Proposal 1.

Observation 2: 	Once the side conditions of two AoAs, e.g., minimum received SNR of both AoAs, is met, multi-Rx should be allowed by the capable UE. Supporting multi-Rx should not depend on the related spherical coverage performance.

Proposal 3: 	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.

Proposal 4: 	RAN4 considers Alt. 1 and Alt 2 for specifying the two-AoA spherical coverage requirement.

Proposal 5:	When AoA1 is swept over the full sphere, AoA2 is swept over angles that are outside of the exclusion zone calculated from AoA1, such that AoA2Ze, where Ze defines the exclusion zone as a function of AoA1 (e.g. AoA1 - d,theta < Ze,theta < AoA1 + d,theta and AoA1 - d,phi < Ze,phi < AoA1 + d,phi).  Further study and discussion is needed to determine d,theta and d,phi.

Proposal 6:	Option 1 is preferred considering real deployment and UE support of 4-layer DL MIMO.
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Figure A.2.1-3: Cell layout for dense urban (3 Micro TRPs per Macro TRP)





