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Background
The requirement for NR frequency range 2 (FR2) multi-Rx chain DL reception was further discussed in RAN4#105e and a WF agreed in [1]. In this contribution, we provide further analysis of some basic aspects on the requirement framework for multi-Rx chain DL reception, which includes: 
1. The core requirement based on the functional test method, 
2. reference UE assumption, 
3. AoA setup, and 
4. Some initial simulation results. 

1. [bookmark: _Hlk8895418]Requirement scope and test metric
0. Functional test 
[bookmark: _Hlk127350743]The functional-based test method (also known as the "go" and "no-go" based test method) has been proposed in RAN4#105 [2] as a candidate solution to verify the UE performance of multi-Rx chain DL reception for UE RF core requirement. The proposed method only aims to confirm that the UE is capable of receiving a two-layer transmission with one layer per direction across a specified part of the sphere and that it meets specific threshold performance at given AoA pairs, but without testing the actual sensitivity level. This brings some advantages, including:
1) a significant reduction of test time as there is no need to lower the DL power to reach the sensitivity level gradually,

2) simplification of the requirements discussion as there is no need to derive the absolute sensitivity level based on the UE implementation and the system setup, while we can still verify the spherical coverage of the two AoA DL receptions according to the WI.

Observation 1: Verifying the spherical coverage requirement for the multi-Rx chain DL reception as a functional test with a fixed DL power level can reduce the test time and simplify the work of setting core requirements, which verify the UE is capable of receiving a two-layer transmission with one layer per direction across a specified part of the sphere (a spatial requirement).

The core requirement of the functional-based test method can be specified as the probability that the UE meets a threshold value under a fixed DL power level from both AoAs. Therefore, the main factors need to be determined for the functional test method: 1) the DL power level, 2) the metric and value for determining the threshold level, in other words, the condition for determining the "go" or "no-go" results, and 3) the probability (or can be understood as the "spatial coverage") for setting the core requirement.
For the DL power, it is suggested to re-use the legacy spherical coverage receiver sensitivity level (single probe) as the DL power from each probe. From the network aspect, it is more intuitive to understand the expected UE performance and behavior if the same DL power level is re-used since the UE coverage can be compared between the single AoA and the two AoAs. From the UE RF 
Proposal 1: Re-use the legacy spherical coverage receiver sensitivity level (single probe) as the DL power for each probe to set the core requirement. 
For the metric to determine the threshold, we assume that the two panels perform demodulation simultaneously. Then it is intuitive that each panel should be functional and capable of operating above the sensitivity condition for the single AoA condition. In other words, the SINR condition for each panel should be above -1dB according to the link budget assumed by RAN4 when deriving the Refsens requirement in FR2[3]. 
Observation 2: The "go" and "no-go" conditions can be defined as when both panels are above their sensitivity condition., e.g., the baseband SINR is above -1 dB. 
For devices that have more advanced baseband capability which can use the cross-talk signals between the two panels, better performance, e.g., lower SINR floor, can be expected since the baseband is capable of using the interference (or cross talk) signal to some extent.  
Observation 3: For a device that can perform joint demodulation of the layers, better performance can be expected since the cross-talk signal/cross-layer signal can be used as well. 
Based on the two conditions above, the corresponding coverage minimum requirement for two AoAs can be derived or simulated with agreed reference UE architectures.
Proposal 2: The minimum coverage requirement for two AoAs can be derived or simulated based on the agreed DL power level and go/no-go condition with the agreed UE reference architecture. 
1. Reference UE architecture for deriving the minimum requirement
In RAN4#104bis-e, a common understanding of the concept of antenna panel has been agreed upon as below [4]:
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According to this definition, each "panel" is associated with one analog beam or RF chain. Therefore, to support up to 4-layer DL reception with two AoAs multiplied by two polarizations as agreed in RAN4#104 [5], it is reasonable to assume four antenna panels per UE as reference UE implementations to be used to derive the minimum requirement. In this case, the four antenna panels can be separated into two pairs, and each pair is composed of two panels with orthogonal polarizations that are co-located. Two examples of possible reference UE implementation are plotted in Fig. 1.
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Figure 1. Reference UE implementation can be used to derive the minimum requirement for two AoAs reception. 
Proposal 3: Assuming four antenna panels per UE as the reference architecture for deriving the spherical coverage requirement of the spherical coverage requirement for the multi-Rx chain DL reception. The four panels are separated into two pairs, and each pair is composed of two antenna panels with orthogonal polarizations that are co-located. 
1. AoA setup
2. AoA Offset(s) and applicability of core requirement 
In RAN4#105[1], it is agreed that the fixed AoA offset(s) will be taken as a starting point for setting the UE RF core requirement. In our view, in order to mimic real-life scenario, testing the UE with a narrow and a wide angular probe separation is needed even if the two TRPs are non-collocated. As illustrated in Fig. 2, one angular separation is below 90 degrees for a "narrow" separation, and one for above 90 degrees for a "wide" separation. Both with the probes in the same plane if feasible from a test setup standpoint. 
Proposal 4: It is proposed to test the UE performance under two AoA offsets, one larger than 90° and one smaller than 90°. 

[image: ]               
(a)                                                                                                      (b)
Figure 2: fixed offset between the probes. (a) corresponding deployment scenario (b) test setup illustration
From the core requirement point of view, since the offsets can vary in real life, it is important that UE can meet the core requirement under both large offset (> 90°) and small offset (< 90°). On the other hand, UEs can also be expected to achieve different performances under different AoA offsets due to the correlation and cross-talk between the two probes. Therefore, whether the same requirements should be applied to both offsets can be studied further. 
Proposal 5: UE should meet the core requirement under both AoA offsets, but whether the same requirements can be applied to both AoA offsets can be studied further. 
2. Polarization 
Another issue associated with the AoA setup is the polarization for each probe. It is necessary to mention that two polarization per antenna panel has been assumed for the WI [5], which means that the UE is assumed to match the RX polarization with the DL signal. Therefore, in theory, there is no need to sweep polarization on the TE side for verifying the UE RF requirement for multi-Rx chain DL reception in FR2. 
Observation 4: It has been assumed that the UE can support two polarizations per antenna panel, which makes them capable of matching the polarization with the DL signal. Therefore, there is no need to swap the polarization for testing the UE RF core requirement of multi-Rx chain DL reception in FR2
However, the performance can differ if the same polarization or orthogonal polarization is adopted by the two probes. With the same polarization, a higher correlation between the two DL data streams can be expected, especially when the AoA offset is small. In our view, to ensure a more stable test, it is sufficient to verify the UE RF performance with a pair of orthogonal polarizations from the two probes for the UE RF requirement test. 
Proposal 6: Further study whether it is sufficient to verify the UE RF performance with a pair of orthogonal polarizations from the two probes for the UE RF requirement test. 
1. Initial simulation results based on the “go/no-go” test method
Some initial simulation results are provided to further elaborate the UE performance under the functional-based test method. The simulation setup is shown in Fig. 3(a). 
· AoA and rotation setup
· Two AoAs with different AoA offsets (phi_offset = [30°, 60°, 90°, 120°, 150°]) on the horizontal plane are simulated. 
· For each AoA offset, the UE is randomly rotated according to (phi', theta') 1000 times, where phi' and theta' are uniformity distributed over the sphere. 
· The polarizations are assumed to be always matched between the probes and panels.
· Reference UE implementation
· Two reference UE implementations are simulated, where two panels are either back-to-back or orthogonal to each other. 
· Totally independent demodulation is assumed, which means the cross-talk between the two panels is treated as interference. 
· The RF chain insertion loss is calibrated such that the UE just meets the legacy Refsens requirement, but the 50% sensitivity outperforms the minimum requirement in RAN4 spec.
· DL power and go/no-go condition
· The go and no-go conditions are defined as the SINR on both panels being larger than -1dB. 
· The DL power from each probe is set at -71.4dBm, which is the 50% sensitivity level for 400 MHz BW for PC3. 
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                                         (a)                                                                                                                                   (b)
Figure 3. (a) Simulation setup of the coverage probability, and (b) the reference UE implementation
The simulation results for the probability that UE can meet the go condition under varied AoA offsets are summarized below:
	AoA offsets
	30°
	60°
	90°
	120°
	150°

	Back-to-back panels
	9%
	14%
	35%
	45%
	60%

	Orthogonal panels
	10%
	18%
	29%
	28%
	31%



The above initial simulation results indicate the expected spatial coverage a typical FR2 UE with two AoAs. As a general observation, it can be observed that coverage performance depend on UE implementation and also the AoA offsets. Further refinement of the simulation results is expected to be provided in future meetings based on further agreement from RAN4. 
Observation 5: The coverage performance depends on AoA offsets and UE implementations. 
1. Conclusion

In this contribution, we make the following observations and conclusions: 
Observation 1: Verifying the spherical coverage requirement for the multi-Rx chain DL reception as a functional test with a fixed DL power level can reduce the test time and simplify the work of setting core requirements, which verify the UE is capable of receiving a two-layer transmission with one layer per direction across a specified part of the sphere (a spatial requirement).

Observation 2: The "go" and "no-go" conditions can be defined as when both panels are above their sensitivity condition., e.g., the baseband SINR is above -1 dB. 
Observation 3: For a device that can perform joint demodulation of the layers, better performance can be expected since the cross-talk signal/cross-layer signal can be used as well. 
Observation 4: It has been assumed that the UE can support two polarizations per antenna panel, which makes them capable of matching the polarization with the DL signal. Therefore, there is no need to swap the polarization for testing the UE RF core requirement of multi-Rx chain DL reception in FR2
Observation 5: The coverage performance depends on AoA offsets and UE implementations. 
Proposal 1: Re-use the legacy spherical coverage receiver sensitivity level (single probe) as the DL power for each probe to set the core requirement. 
Proposal 2: The minimum coverage requirement for two AoAs can be derived or simulated based on the agreed DL power level and go/no-go condition with the agreed UE reference architecture. 
Proposal 3: Assuming four antenna panels per UE as the reference architecture for deriving the spherical coverage requirement of the spherical coverage requirement for the multi-Rx chain DL reception. The four panels are separated into two pairs, and each pair is composed of two antenna panels with orthogonal polarizations that are co-located. 
Proposal 4: It is proposed to test the UE performance under two AoA offsets, one larger than 90° and one smaller than 90°. 
Proposal 5: UE should meet the core requirement under both AoA offsets, but whether the same requirements can be applied to both AoA offsets can be studied further. 
Proposal 6: Further study whether it is sufficient to verify the UE RF performance with a pair of orthogonal polarizations from the two probes for the UE RF requirement test. 
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Way Forward: Take the following panel assumption for DL reception, noting panel is a logical construct:

“Panel is defined as oneormultiple-ascombination-of below depending on different UE implementation:
Unit of antenna group to control beam independently

a. Within a panel, one beam can be selected and used for DL reception.
b. Across different panels, multiple beams d may be used for DL reception.

c. _ ‘Beam’ is assumed to mean spatial filter associated with reception.
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