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1. Introduction
The revised work item on Requirement for NR frequency range 2 (FR2) multi-Rx chain DL reception was approved at TSG RAN#98e [1]. One of the objectives of this work item is to:
•	Specify RF requirements, mainly spherical coverage requirements, for devices with simultaneous reception from different directions with different QCL TypeD RSs.
Moreover, it is stated in the WID [1] that:
•	The legacy spherical coverage requirement for reception from a single direction will be kept
And that:
•	PC3 will be prioritized, other power classes should be considered after the PC3 requirements framework is finalized.
The subject was discussed at TSG RAN4#106 and the WF was agreed [2].
2. Discussion 
In RAN4 #106 meeting, a common WF [2] for agenda items 9.8.2.1 and 9.8.2.2, i.e., ‘System parameter assumption, UE architecture and conditions of UE RF requirements’ and ‘UE RF requirements’ was approved, and the agreements related to the agenda item 9.8.2.1 are provided below.

This contribution provides Nokia’s further views on ‘System parameter assumption, UE architecture and conditions of UE RF requirements’ topic for defining the RF requirements for FR2-1 multi-Rx chain DL reception from two directions for PC3 UEs.

2.1 AoA Separation for UE RF requirement
	AoA Separation for UE RF requirement
· Proposals:
· Proposal 1: Number of AoA separations that UE must meet RF requirements.
· Option 1: UE is verified for one self-declared AoA separation from an agreed pool of options: (R4-2300268, R4-2300709. R4-2300987)
· Option 2: UE is verified for smallest AoA separation > 60⁰ : (R4-2300146)
· Option 2: UE is verified for two AoA offsets, one larger than 90° and one smaller than 90° (R4-2302250)
· Proposal 2: test AoA separation list in addition to 60⁰ and 90⁰:
· Option 1: 30°, 120°, 150° (R4-2300949) 
· Option 2: 30°, 120°, 150°, 180° (R4-2300987)
· Option 3: 135°, 180° (R4-2301622)
· Option 4: Should be decided in test method SI
Agreement:
· AoA offset value should be an integer multiple of the step size of the constant step size measurement test grid.
· In the simulation, all AoA separation values in the list {30°, 60°, 90°, 120°, 150°, 180°} shall be simulated.
· 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 



As discussed in our previous contribution R4-2300195 submitted for the RAN4#106 meeting, it is preferred that the separation between 2 AoAs should be relative to ‘Probe 1’ (which is the AoA of the legacy 1Rx test-probe). Based on the AoA offset, the two beams can be received either on the same antenna module using module-splitting or on two different antenna modules. Hence, keeping a single fixed AoA offset will not capture all the relevant practical use cases and we need multiple fixed AoA offset to cover different use case scenarios in the test.
Observation 1: Single fixed AoA offset will not cover all the relevant practical use cases.
Proposal 1: Consider multiple fixed AoA offset values for defining the core requirements. 
2.2 Further conditions on test directions
	Further conditions on test directions
· Proposals
· Option 1: Consider the spherical coverage requirement for 2 AoA directions in the condition that the existing spherical coverage requirement for a single direction is met. (R4-2300949) 
· Consider the spherical coverage requirement for 2nd direction in the condition where the CDF of antenna beam gain for 1st direction meets the minimum spherical coverage of 50%.
· Option 2: The selection for the set of points qualified for multi-Rx requirement should be independent from the selection for the set of points qualified for legacy EIS spherical coverage requirement (R4-2301759)
Agreement:
· FFS


The simultaneous FR2 multi-Rx chain DL reception is facilitated through simultaneousReceptionDiffTypeD-r16 capability, and the network can dynamically turn ON/OFF this feature based on the use-case and channel condition. Therefore, when the UE under test is receiving from a single direction (single AoA), it must still satisfy the existing spherical coverage requirement for single direction reception. Hence, we support Option 1. 
Proposal 2: To ensure that spherical coverage is met for the scenario when only one AoA link is active, select Option 1.
2.3 2TRP UE behavior assumptions
	2TRP UE behavior assumptions
· Proposal on module selection
· Option 1: UE assigns ‘first’ module to track TRP that yields highest RSRP among all combinations of modules and TRPs. The subsequent module is assigned to track the other TRP.
· SINR maximization instead of RSRP maximization not precluded.
· Option 2: Other
· Proposal on beam selection
· Option 1: UE selects beam for each module so RSRP of RS from assigned TRP is maximized.
· SINR based beam selection instead of RSRP not precluded.
· Option 2: Other
· Proposal on module-splitting
· Option 1: no module splitting behavior is assumed.
· Option 2: Up to UE implementation
Agreement:
· FFS


Regarding the proposal on module-splitting, it is already agreed in R4-2220533 (WF from RAN4#105 meeting) under the topic 1.1.8, i.e., ‘On antenna module and panel’ that:
“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”.
Furthermore, the module-splitting will be required to receive data-streams on 2 different AoAs particularly in the small AoA offset scenario (e.g.,  or ) where we can’t exclude that the performance of module splitting might be good. However, this will depend on the UE implementation. Therefore, we support ‘Option 2: Up to UE implementation’.
Observation 2: It was agreed in RAN4#105 meeting that the scenario where a single antenna module is used to receive 2 AoAs simultaneously should not be excluded.
Observation 3: Module-splitting will be required to receive data-streams on 2 different AoAs particularly in the small AoA offset scenario (e.g.,  or ).
Proposal 3: Agree to the following proposals for 2 TRP UE behavior assumptions:
1. Option 1 for module selection. However, the use of maximum RSRP or maximum SINR for module selection is FFS. 
2. Option 1 for beam selection. However, the use of maximum RSRP or maximum SINR for beam selection is FFS.
3. Option 2 for module-splitting leaving it to UE implementation.
Observation 4: The definition of antenna panel is already agreed in R4-2220533 which states that: 
‘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.
Therefore regarding 2 TRP UE behavior assumptions for defining the UE RF requirements, it is better to use the concept of ‘panel selection’ instead of ‘module selection’ to select the TRPs, i.e., UE assigns ‘first’ panel to track TRP that yields highest RSRP/SINR among all combinations of panels and TRPs. The subsequent panel is assigned to track the other TRP, since there are only 2 layers (instead of 4 layers) transmitted by the TRPs in the RF test. 
Proposal 4:  Change ‘module selection’ concept in 2 TRP UE behavior assumptions to the concept of ‘panel selection’ as proposed below:
	2TRP UE behavior assumptions
· Proposal on module panel selection
· Option 1: UE assigns ‘first’ module panel to track TRP that yields highest RSRP among all combinations of modules and TRPs. The subsequent module panel is assigned to track the other TRP.
· SINR maximization instead of RSRP maximization not precluded.
· Option 2: Other
· …
Agreement:
· FFS.



2.4 Simulations related to Signal-to-Interference Ratio (SIR) of AoA1 considering AoA2 as Interference
In this section, we present simulation results to study the effect of AoA2 on the SIR of AoA1. Our electromagnetic simulations of a realistic smartphone Mechanical Computer Aided Design (M-CAD) assumes that front and rear surfaces of the smartphone are made up of glass, chassis is metallic and frame is made up of plastic (see Figure 1 and Table 1 for more details). Furthermore, UE is assumed to have one antenna module on each of its left, top, and right surfaces; each antenna module is a standalone uniform linear array of four single polarized antenna elements placed half a wavelength apart from each other.
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[bookmark: _Ref131426333]Figure 1: Details of a realistic smartphone M-CAD
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[bookmark: _Ref131426343]Table 1: Material parameters for electromagnetic simulations
We have also assumed that UE’s each antenna module can steer the beam in seven different directions as shown in Figure 2. Therefore, the UE has a total of 21 beams arranged in three groups, namely: 
1. Beam set for Antenna Array #1 (7 beams shown in variation of blue color)
2. Beam set for Antenna Array #2 (7 beams shown in variation of green color)
3. Beam set for Antenna Array #3 (7 beams shown in variation of red color)
The description of 7 beams in terms of orientation from a particular set is provided in Table 2.


Figure 2: FR2 UE with 3 antenna panels with 7 beams for each panel

	Beam Index
	Description

	Beam 1
	-45o with respect to Boresight Beam

	Beam 2
	-30o with respect to Boresight Beam

	Beam 3
	-15o with respect to Boresight Beam

	Beam 4
	Boresight Beam

	Beam 5
	+15o with respect to Boresight Beam

	Beam 6
	+30o with respect to Boresight Beam

	Beam 7
	+45o with respect to Boresight Beam


Table 2: Beam index and description for a UE antenna panel
Figure 3 shows the angular range over which each one of the 21 beams (7 beams on each of the three antenna modules) is dominant and has the highest RSRP over the other beams. For Antenna Arrays #2 (right side UE antenna panel), clockwise direction from Boresight beam is assumed to be negative angle and counterclockwise direction is positive angle, whereas for Antenna Array #1 and #3 (left side UE antenna panel), clockwise direction from Boresight beam is assumed to be positive angle and counterclockwise direction is taken as negative angle.
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Figure 3: Angular range for dominant beams
This means that if the incoming direction of the information bearing signal transmitted by the base station is in a particular angular range (from the UE’s point of view), then the dominant beam corresponding to that angular range will be used by the UE to receive the incoming signal.
Figure 4 represents a scenario where the boresight beam of Antenna Array #1 (antenna module on the top of the UE) is the dominant beam used for receiving the signals from AoA1 whereas the AoA2’s dominant beam must be selected from the remaining 14 beams of Antenna Array #2 and #3 (antenna modules on the right and left surfaces of the UE), and can be any one of them depending on the UE orientation and direction of the AoA2’s incoming signal. Figure 4 (left) shows the radiation pattern of the boresight beam of the Antenna Array #1 with the angular range of the 14 dominant beams of Antenna Arrays #2 and #3, whereas Figure 4 (right) shows the interference effect of each of the 14 beams on the boresight beam of Antenna Array #1.


  			
Figure 4: Radiation pattern of AoA1 dominant beam and interference from each of the other 14 AoA2 dominant beams
The further explanation of Figure 4 (right) is provided in Figure 5 which demonstrates that the signal (S2) transmitted from TRP2 causes interference to the signal received on the Boresight beam of Antenna Array #1 which is used to receive the single polarized signal (S1) transmitted from TRP1. In Figure 5, S1 and S2 are, respectively, the signals transmitted from TRP1 and TRP2, h11 and h12 are the corresponding path gain/loss, and P_h11 and P_h12 are the corresponding powers of the desired and interference signals. Therefore, if the AoA1 and AoA2 has an angular separation of 90o and the beam radiation pattern of each UE panel is  as shown in Figure 5, then ‘Green Circle’ and ‘Red Circle’ on the beam radiation pattern of each UE panel denote the received power/antenna gain of the desired and interference signals for AoA1 and subsequently the SIR can be defined as the ratio of the antenna gain values corresponding to the ‘Green Circle’ to that of the ‘Red Circle’. In this case, signal transmitted from TRP2 is also received on the side lobe of the dominant beam of AoA1 which creates the interference. In general, this interference power/gain depends on the AoA separation and beam radiation pattern of each UE panel.  

     [image: ]
Figure 5: UE beam radiation pattern for AoA1 and interference from AoA2
Next, we present the CCDF of SIR of AoA1 for the case when Array #1’s Boresight beam is used for the reception of the useful/desired signal from TRP1 whereas one of the 14 beams of Array #2/Array #3 is used for the reception of the desired signal from AoA2 which subsequently will become the interference for AoA1’s signal. 
To evaluate the CCDF, we used the antenna radiation pattern with 1o resolution in azimuth and elevation domain resulting in a total of 65160 constant step size grid points. Thereafter, a uniformly distributed reference grid with 2500 sample points is defined and the 2500 points out of the 65160 points (on the constant step size grid) which are closest to the 2500 points on the uniformly distributed reference grid are selected. These selected points are then sorted in a descending order and are plotted as the CCDF curves. 
In the CCDF curves of Figure 7 and Figure 9, the legend ‘Array x-Beam y’ where  and  can be interpreted as described in Figure 2 and Table 2. 
The standalone antenna array configuration of a UE with 3 antenna arrays is shown in Figure 6.


Figure 6: Standalone antenna array configuration
 [image: ]
Figure 7: CCDF of AoA1’s SIR 
Figure 7 shows the CCDF of SIR of AoA1 for the case when the antenna panels are configured in a standalone fashion as shown in Figure 6 and each one of the 14 beams of Array#2 and Array#3 creates different amount of interference to the signal received at ‘Array 1-Beam 4’ resulting in different CCDF curves in Figure 7. The SIR in these figures is normalized to the maximum antenna gain values of the primary beam selected for AoA1. As such, the displayed results are best case results and can be 2 to 3 dB worse depending on the power ripple in the total combined power envelope of the configural beams (codebook) of the antenna array.
In Figure 7, we observed that the performance of Array 2-Beam 7 and Array 3-Beam 7 is worst compared to the other 12 beams of Array 2 and Array 3 as the CCDF curves for these two beams is relatively located in the leftmost region. The reason for this worst beam pair performance is that the AoA separation between the Array 1-Beam 4 and these two beams (Array 2-Beam 7 and Array 3-Beam 7) is 45o which is the smallest AoA separation between the selected AoA1 beam (Array 1-Beam 4) and all AoA2/AoA3 beams. As it is known that major factors affecting the SIR are beam radiation pattern of each UE panel, UE antenna panel position and angular separation between AoAs, the smallest AoA separation in this case will move the ‘Red Circle’ in Figure 5 close to the ‘Green Circle’ which in turn cause the simultaneous reception from TRP2 (interference for signal of TRP1) on the Array 1-Beam 4 with a relatively higher antenna gain. Hence, the SIR performance for these beam pairs will be worst.
However, the SIRs corresponding to ‘Array 2-Beam 5’/‘Array 3-Beam 5’ and ‘Array 2-Beam 6’/‘Array 3-Beam 6’ are higher compared with that of ‘Array 2-Beam 7’/‘Array 3-Beam 7’. This is because the angular separations of ‘Array 2-Beam 5’/‘Array 3-Beam 5’ and ‘Array 2-Beam 6’/‘Array 3-Beam 6’  from ‘Array 1-Beam4’ are 75o and 60o, respectively, which is higher as compared to the angular separation between ‘Array 2-Beam 7’/‘Array 3-Beam 7’  and ‘Array 1-Beam 4’ which is 45o (smaller angular separation). Furthermore, we observe that the SIR enhances as the angular separation between AoAs increases. 
Depending on the beam radiation pattern of UE antenna panel, interference signals corresponding to the AoA2 direction with higher angular separation may be received on a side lobe of the dominant beam of AoA1 having higher gain as compared to relatively lower angular separation AoA2 direction. This may cause the reception of interference signals from a large angular separation direction with a relatively higher antenna gain resulting in relatively inferior performance of the large angular separation beam in comparison to its neighbour lower angular separation beam(s).
Observation 5: The interference from the TRP2 signals arriving from the AoA2 direction becomes significant when the angular separation between AoA1 and AoA2 is low.
Observation 6: The SIR values corresponding to the 50th percentile of the CCDF curves of Figure 7 is shown in Table 3.
	Beam Index (Array 2/Array 3)
	SIR at 50-percentile of CCDF (dB)

	Beam 7
	10

	Beam 6
	17

	Beam 5
	21

	Beam 4
	24

	Beam 3
	24

	Beam 2
	26

	Beam 1
	26


Table 3: SIR at 50-percentile of CCDF of Figure 7
3. Conclusions
Observation 1: Single fixed AoA offset will not cover all the relevant practical use cases.
Observation 2: It was agreed in RAN4#105 meeting that the scenario where a single antenna module is used to receive 2 AoAs simultaneously should not be excluded.
Observation 3: Module-splitting will be required to receive data-streams on 2 different AoAs particularly in the small AoA offset scenario (e.g.,  or ).
Observation 4: The definition of antenna panel is already agreed in R4-2220533 which states that: 
‘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.
Observation 5: The interference from the TRP2 signals arriving from the AoA2 direction becomes significant when the angular separation between AoA1 and AoA2 is small.
Observation 6: The SIR values corresponding to the 50th percentile of the CCDF curves of Figure 7 is shown in Table 3.
	Beam Index (Array 2/Array 3)
	SIR at 50-percentile of CCDF (dB)

	Beam 7
	10

	Beam 6
	17

	Beam 5
	21

	Beam 4
	24

	Beam 3
	24

	Beam 2
	26

	Beam 1
	26


Table 3: SIR at 50-percentile of CCDF of Figure 7
Proposal 1: Consider multiple fixed AoA offset values for defining the core requirements.
Proposal 2: To ensure that spherical coverage is met for the scenario when only one AoA link is active, select Option 1.
Proposal 3: Agree to the following proposals for 2 TRP UE behavior assumptions:
4. Option 1 for module selection. However, the use of maximum RSRP or maximum SINR for module selection is FFS. 
5. Option 1 for beam selection. However, the use of maximum RSRP or maximum SINR for beam selection is FFS.
6. Option 2 for module-splitting leaving it to UE implementation.
Proposal 4:  Change ‘module selection’ concept in 2 TRP UE behavior assumptions to the concept of ‘panel selection’ as proposed below:
	2TRP UE behavior assumptions
· Proposal on module panel selection
· Option 1: UE assigns ‘first’ module panel to track TRP that yields highest RSRP among all combinations of modules and TRPs. The subsequent module panel is assigned to track the other TRP.
· SINR maximization instead of RSRP maximization not precluded.
· Option 2: Other
· …
Agreement:
· FFS.
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