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Background
The requirement for NR frequency range 2 (FR2) multi-Rx chain DL reception has been further discussed in RAN4#104bis-e [1]-[4]. In this contribution, we share our further analysis on some basic aspects to set a requirement framework for multi-Rx chain DL reception, which includes: 1. The requirement scope, 2. Reference UE assumption, 3. AoA setup and 4. The performance metric. 

1. [bookmark: _Hlk8895418]Requirement scope and test metric
0. Functional test v.s. Sensitivity test 
[bookmark: _Hlk104922953]For the UE RF part, the target of the WI is mainly to specify the spherical coverage requirements for devices with simultaneous reception from different directions with different QCL TypeD RSs [5]. However, based on the discussion in the last two RAN4 meetings, it is obvious that defining the spherical coverage requirement based on the conventional sensitivity level for the two AoAs case is not a simple job, which brings unique challenges from both testability, test metric and core requirement design. Therefore, we bring a possible alternative solution to verify the UE RF requirement for multi-Rx chain DL reception under two AoAs.

Considering that the single AoA EIS spherical coverage requirement has been specified for all UEs, measuring the exact sensitivity level may be redundant for the UE RF requirement under two AoAs. We can see the two AoAs test as an additional functional test (or in other word, a go or no-go test) to ensure the device can also encode the DL data from two different directions under a given DL power level. Therefore, a possible way to specify the spherical coverage requirement for multi-Rx chain DL reception is to be able to receive the two data streams under a fixed power level and check how large spherical coverage the BLER requirement is met for the RMC. An illustration on the difference between sensitivity and functional test (go or no-go) is shown below.
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                                                            (a)                                                                                  (b)

Fig. 1. Illustration of sensitivity test and functional test.
Observation 1: The dual AoA test can be specified as a functional test for devices that support multi-Rx chain would ensure that the device can encode the DL data from two different directions by verifying the spherical coverage the BLER requirement is met at a fixed DL level for the RMC. 
The proposed test method is similar to a demodulation test but with a full sphere scan, and the advantages includes 

1) a significant reduction of test time as there is no need to gradually lower the DL power to reach the sensitivity level,

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

The fixed power level that can be determined so that the network benefit is ensured while the UE spherical coverage under two AoAs (or the probability that can decode two data stream) is at least X percentile (e.g., X = 50).  For example, the power could be set at the minimum requirement of single the AoA EIS spherical coverage level with some additional margin due to the multi-panel reception. 

Observation 2: 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 on setting core requirements.

Proposal 1: RAN4 can consider simplifying the spherical coverage requirement for the multi-Rx chain DL reception by only verify the UE functionality (e.g., go or no-go) under two AoAs with a fixed DL power level, as an alternative to sensitivity test.
0. Sensitivity metric
Though we have argued in the section above that an alternative functional test can be adopted instead of the sensitivity test. However, if it is not going to be agreeable, in this section, we also share our views on how the sensitivity metric and minimum requirement should be defined under a simultaneous reception from different directions condition. 
We are considering a test with two probes from different directions with EIS level from each probe set at the DUT. Then, the requirement can be defined as a “total EIS”. The DL power in each direction is lowered to meet the BLER requirement for the RMC. In this case, the “total EIS” would be a relevant metric. According to the 38.101-4 for radiated measurements, the plane of reference is the "input of the antenna array" and considering the definition of the Noc (same reference point) suggests the most relevant metric for the RF requirements for multi-RX is the total EIS for the layers/directions. 
Another way to look at this issue is that the test equipment can simultaneously lower the DL power from two probes. In this case, one of the two Rx chains that have lower antenna gain becomes the bottle neck of the EIS performance and we are actually measuring the "worst EIS" among the two Rx chains. 
Proposal 2: RAN4 should define the sensitivity metric if it would be agreed to adopt the sensitivity test to measure the DL spherical coverage with simultaneous reception under different AoAs setups. 
0. Consideration for minimum requirement
Regardless which metric or test method (e.g., go/no-go or sensitivity) RAN4 would adopt in the end for the spherical coverage requirement for Multi-Rx chain DL reception, the corresponding minimum requirement defined for simultaneous reception under different AoAs setups should ensure the device can have a superior performance than the single AoA reception. From the network perspective, it does not make sense to configure the UE with multi-TRP operation unless it can outperform than single TRP. 
Proposal 3: The minimum performance requirement for the two AoAs reception should ensure the device can perform better than the single AoA reception regardless the metric or test method RAN4 would adopt.
1. Reference UE architecture for deriving the minimum requirement
In RAN4#104bis-e, a common understanding on the concept of antenna panel has been agreed as below [3]:
[image: ]
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 [6], 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 antenna panels with orthogonal polarizations that are co-located. Two examples of possible reference UE implementation are plotted in Fig. 2.
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Fig. 2. Reference UE implementation can be used to derive the minimum requirement for two AoAs reception. 
Proposal 4: 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. Full set AoA1 + Full set AoA2
Multiple candidate solutions can be proposed in RAN4#104-e regarding the AoA setups [2]. Ideally, one shall test all the possible pairs of AoAs to fully assess the spherical coverage performance of the device with simultaneous reception from different directions. However, this is not feasible considering the extreme test burden implied. On the other hand, this method may still be considered since it can indicate the UE performance under arbitrary UE orientation and angle of incoming signals. In addition, such a core requirement setting is standalone from the test method discussion, while other methods that have been proposed so far (discussed later in this paper) may depend on the testability of the proposed AoA settings.

On the other hand, further study may need to be carried out later to identify the performance gap between the minimum requirement derived based on full set of AoA1 + full set of AoA2 and the actual value obtained based on the test method that is selected since it is clear that a full set of AoA1 + a full set of AoA2 is not testable,

Observation 3: A full set of AoA1+ full set of AoA2 is not feasible from the testability aspect. However, it may still be used to derive the core requirement as it provides an overall assessment of device performance under arbitrary UE orientation and angle of incoming signals. However, a performance gap between the derived requirement and the actual test may appear. 

Proposal 5: If full set AoA1 + full set AoA2 is selected, the performance difference between the derived requirement and the actual test setup defined in the end needs further study. 
2. Fixed AoA1(s) + Full set AoA2
Another possible way is to fix the direction of one DL (AoA 1) while sweeping the other DL directions (AoA 2), as shown in Fig. 3(a). In practice, the AoA 1 can be fixed at a given direction towards the device under test (e.g., the beam peak direction). Then, the test procedure would be similar to the single AoA spherical coverage test since only one AoA or probe needs to be swept around the device. On the other hand, the testability of having a fixed relative position between the device and AoA1, in which the device is rotated during the measurement, needs to be studied and confirmed. Moreover, if this approach is adopted, more than one AoA1 may need to be considered to ensure the device can operate adequately in the field. 

Observation 4: More than one AoA1 may need to be selected to ensure the device's performance in real life. In addition, testability issue may appear if one of the AoAs needs to have a fixed relative orientation towards the device while the device needs to be rotated. 

Proposal 6: The testability of having one of the AoA fixed relative to the DUT must be confirmed before considering this method. 
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                                                            (a)                                                                                                    (b)
Figure. 3. Possible test setup for two AoAs DL test to verify the UE spherical coverage of simultaneous reception from different directions. (a) one AoA fixed while the other AoA sweep. (b) both AoAs are swept with a fixed offset in between the probes. 

2. Fixed offset(s) between AoA1 and AoA2
An alternative way to sweep AoA 1 and AoA 2 simultaneously but with a fixed offset between the probes as shown in Fig. 3(b). This appears to be the most feasible test setup. We understand that this method may face fewer testability issues than the one above. If this approach is adopted, how to choose the offset needs to be further discussed. One possibility is to measure with a narrow and wide angular probe separation to cover the collocation and non-collocated TRP cases or to evaluate the UE performance with two TRPs with different distances, as illustrated in Fig. 2(a). For example, 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. 
In our view, in this setup, the real-life deployment scenario can be well represented, and we can provide a good assessment of the UE performance under arbitrary UE orientation under different AoA separation or offset from the UE RF test.  
Observation 5: The fixed offset(s) between AoA1 and AoA2 test setup is the most feasible solution from the testability aspect while it can ensure the UE performance in real life with arbitrary UE orientation and different multi-TRP deployment scenarios. 
[image: ]               
(a)                                                                                                      (b)
Figure 2: fixed offset between the probes. (a) corresponding deployment scenario (b) test setup illustration

The AoA setup can have significant impact on the next step RAN4 activities on deriving the minimum requirement, therefore, a baseline scheme should be determined as soon as possible. Once RAN4 has determined the AoA setup, detailed test setup can be further discussed. For example, how to select the offset value and how to ensure that both AoAs can reach a full scan if fixed offset method is adopted can be further studied. 
Proposal 7: Adopt fixed AoA offset test method as baseline for next step discussion, and further study the test configuration. 
1. Conclusion
In this contribution, we make the following observations and conclusions: 
Observation 1: The dual AoA test can be specified as a functional test for devices that support multi-Rx chain would ensure that the device can encode the DL data from two different directions by verifying the spherical coverage the BLER requirement is met at a fixed DL level for the RMC. 

Observation 2: 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 on setting core requirements.

Observation 3: A full set of AoA1+ full set of AoA2 is not feasible from the testability aspect. However, it may still be used to derive the core requirement as it provides an overall assessment of device performance under arbitrary UE orientation and angle of incoming signals. However, a performance gap between the derived requirement and the actual test may appear. 

Observation 4: More than one AoA1 may need to be selected to ensure the device's performance in real life. In addition, testability issue may appear if one of the AoAs needs to have a fixed relative orientation towards the device while the device needs to be rotated. 
Observation 5: The fixed offset(s) between AoA1 and AoA2 test setup is the most feasible solution from the testability aspect while it can ensure the UE performance in real life with arbitrary UE orientation and different multi-TRP deployment scenarios. 

Proposal 1: RAN4 can consider simplifying the spherical coverage requirement for the multi-Rx chain DL reception by only verify the UE functionality (e.g., go or no-go) under two AoAs with a fixed DL power level, as an alternative to sensitivity test.

Proposal 2: RAN4 should define the sensitivity metric if it would be agreed to adopt the sensitivity test to measure the DL spherical coverage with simultaneous reception under different AoAs setups. 
Proposal 3: The minimum performance requirement for the two AoAs reception should ensure the device can perform better than the single AoA reception regardless the metric or test method RAN4 would adopt.
Proposal 4: 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 5: If full set AoA1 + full set AoA2 is selected, the performance difference between the derived requirement and the actual test setup defined in the end needs further study. 

Proposal 6: The testability of having one of the AoA fixed relative to the DUT must be confirmed before considering this method. 
Proposal 7: Adopt fixed AoA offset test method as baseline for next step discussion, and further study the test configuration. 
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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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