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Introduction
The WI of Multi-Rx has been agreed and the latest version is in [1]. The objective of RF part is as following:
· Introduce necessary requirement(s) for enhanced FR2-1 UEs with simultaneous DL reception with two different QCL TypeD RSs on single component carrier with up to 4 layer DL MIMO
· Enhanced RF requirements:
· [bookmark: _Hlk104922953]Specify RF requirements, mainly spherical coverage requirements, for devices with simultaneous reception from different directions with different QCL TypeD RSs
· The legacy spherical coverage requirement for reception from a single direction will be kept
· PC3 will be prioritized, other power classes should be considered after the PC3 requirements framework is finalized

In this paper, a general analysis is provided on this issue, and a number of observations and proposals are provided.
Discussion
Background & General analysis
Physical layer
Based on the justification, this multi-Rx was targeted for simultaneous multi-beam reception which corresponds to simultaneousReceptionDiffTypeD-r16. This capability was introduced for mTRP. Though RAN1 design can be implementation agnostic, still in practice, UE without implementing multi-panel will not report such capability. A typical UE implementation has to active the multi-panels for Rx beamforming for different QCL type D RS.
Observation 1: A typical UE implementation has to active the multi-panels for Rx beamforming for different QCL type D RS. 
Although there are “4 layer DL MIMO” mentioned in the scope, however, it seems that it would sufficient to verify it in performance requirements. As discussed in [2], for RF test, it has been proposed in that one layer per AoA seems sufficient. 
Observation 2: Use one layer per AoA for RF test was proposed. 
Still, detailed test configurations are still needed and can be discussed later.

UE implementation baseline for Multi-Rx
Based on previous analysis. Spherical coverage is one key requirement that need to analgised, and the multi-panel design is very close to this configuration.
Currently, the main stream design for one UE is to equip 2-3 panels. Those panels may have similar or different capabilities depending on antenna number and/or location etc and highly implementation specific. Panel selection was used from Rel-15, with only one panel active in any given time. Usually they are designed to cover different spatial area to achieve a better spherical coverage performance. An example is as following. It is noted that this is a case that UE equip with 3 panels that all have different coverage capabilities.


Figure 1. Simplified coverage Example of 3 panel UE implementation 
For the single AoA test from Rel-15, For Multi-Rx case, it is believed that the basic design principles would likely to be reused.  
Observation 3: Multi-panel design already used from Rel-15 with one panel active at a time, and unequal performances between panels are normal. 
In addition, for legacy requirements, the concept of panel has never been explicitly defined or used in the specification, either in requirements or test configuration, to keep the implementation flexible. We also believe this should be reused. 
Observation 4: There is no panel specific requirements or configuration in the core and testing spec from Rel-15. 
Based on previous condition, the following general principle was proposed:
Proposal 1: The concept of panel should not be explicitly used in core requirements and test configurations. 

2AoA Directions design
General
As the designated typical scenario for Multi-Rx, two simultaneous DL beams from 2 AoAs may be the most symbolic assumption for this new feature. Although this can be regarded as a test configuration strictly speaking, this is also quite related to requirements, and may decisively impact the feasibility. So we would like to have some discussion on this configuration from the very beginning, even before the discussion of how the requirements can be designed, in order to provide some preliminary idea, to avoid too much ideal discussion without consideration of actual limitation.
Observation 5: The design of 2AoA directions selection for multi-RX would have significant impact on the requirements and the feasibility.
Proposal 2: Discuss the design of 2AoA configuration together with the requirements.

For the test configuration, an AoA would corresponds to a measurement point in the measurement grid and figure 2 is referenced from 38.810.
[image: ][image: ]
Figure 2: Measurement grid points in 3D (266 unique measurement points)
Theoretically, any two current single AoA test points can be combined to be a combination and became a test point for 2AoA. A complete set of possible combination number of 2AoAs would be 266*255/2 = 33915. This is two orders of magnitude more than the current test points of 1AoA, and apparently not feasible to fully tested. So there has to be some selection/simplification.
Observation 6: Testing all 2AoA combinations is not possible, and some selection/simplification is needed.
Some simple guidelines could be:
· Typical and representative
· Limited number
· Simple for test procedure and concept
Based on those guidelines, we listed a few tentative options.

Option 1 (Full set AoA1 + samples of AoA2 for each AoA1)
This option use full set of test points and 3D scan for AoA1, while select some of the sample for AoA2 for each AoA1.
There are three spatial parameters to define a 2AoA combination, and samples can be selected.
· One AoA among all the test points in the sphere
· The Angle between the two AoAs (E.g. 2-3 samples)
· The projection angle of the plane of the two AoAs to the sphere (E.g. 3-4 samples)
To help understanding those parameters, one simplified example figure is shown as following Figure 3, in which one AoA1 is selected and a group of AoA2 which has a specific angle between AoA1 forming a circular cone was shown to ease the understanding.


Figure 3: One example of multiple AoA2 corresponds to AoA1
The merit of this method is it can conceptually cover all typical AoA combinations, with a significant reduced test points. However, the test points number is still one order of magnitude (1*3*4 = 12) larger than single AoA test. Considering the already time consuming nature of EIS test that would be used for spherical coverage, this amount of work load seems still unacceptable. In addition, mapping such angle information with actual test points in the testing grid may also difficult and further increased the complexity.
Observation 7: 2AoA directions Option 1 (Full set AoA1 + samples of AoA2 for each AoA1) is unduly complex than the verification can support. 

Option 2  (One Fixed AoA1 (e.g. Peak) + Full set AoA2)
This option is to fix AoA1 to one direction at first stage, and do 3D scan for the test grid for AoA2.  For the direction that AoA1 use, the most simple choice is the peak EIS direction for single AoA test for the UE. 
Admittedly, for this option, combination coverage is much less than the previous option. However, it has a number of merits as following:
· the combination number of AoA1 + AoA2 is the same to legacy single AoA test
· the Peak EIS direction can be obtained in legacy single AoA test
· Legacy single AoA test is anyway need to be conducted and not increase test burden,
· Performance of AoA1 is “basically” guaranteed
· The reason of “basically” is to say that the peak EIS direction in legacy single AoA test may not necessarily still be the peak direction for AoA1 in 2AoA test, since different panel/beam mapping may be used in these two test cases.
Based on this condition, we think this could be a baseline for the selection of AoAs.
Observation 8: 2AoA directions option 2 (One Fixed AoA1 (e.g. Peak) + Full set AoA2) have a number of merits and maybe the most simplified configuration.

Option 2a (Multiple AoA1 + Full set AoA2)
This option is based on option 2, and the difference is adding some more AoA1 is considered, e.g. some typical weaker point than single AoA peak direction. That is try to have a more typical 2AoA combinations.  However, the cost is also considerable that with one or two more AoA1 selected, the test effort would double/tripled. 
Observation 9: 2AoA directions Option 2a (Multiple AoA1 + Full set AoA2) can improve the 2AoA selection coverage, but the test efforts would also increase proportionally.

Possible exceptions:
In the case of multiple layers of data transmission, if the angle between the two AoA is small, there might be extra performance degradation due to the interference. However, it is still not clear at this stage whether those cases should be avoided or not, since the AoA directions are possible, but not necessarily suitable for spatial multiplexing.
Observations 10: Small angle differences between different AoA would cause extra interference. It is still not clear whether and how to consider it.
Based on previous observations, the following proposal is provided:
Proposal 3: For 2AoA directions, option 2(One Fixed AoA1 (e.g. Peak) + Full set AoA2) is proposed to be baseline, and option 3(Multiple AoA1 + Full set AoA2) can also be considered. Whether and how further exceptions, such as the cases of small angle difference, would be considered also need discussion.


Requirement Metric for 2AoA
Basic Test Method for 2AoA



Figure 4: Example of 2AoA test
The testing of EIS in single AoA test involves reduce the Rx power gradually to find the proper EIS value for a test point. For the case of 2AoA test, one EIS value can be obtained for one AoA. However, it should be noted that in order to have a EIS for one AoA, the power of another AoA have to be fixed. In another word, the EIS of AoA1 can to be tested using the usual method of turning down the power, with condition that the power of AoA2 has maintained a constant power, and vice versa.
By following this, two EIS values can be obtained for one AoA combination in two test run. 
Proposal 4: Two EIS values can be obtained for a combination of two AoAs, by means of fixing the power of one AoA and do measurements of another one.

Test Metric derivation
After the EIS can be obtained for each AoA respectively, the next question is how to utilize them to derive performance requirements of 2AoA case. Basically there are two ways: combined together or treat them separately.
Observation 11: With the 2 EIS values for each AoA pair, performance metric can be either combined together or treat them separately.
For combined together case:  Conceptually, in order to have a reasonable performance for a pair of AoAs, there need to be a fairly good performance for both AoAs. In another word, a combined performance considering two AoAs seems conceptually attractive as a metric for 2AoAs, since this represents the combined performance of UE. However, consider 2AoA combined together would make finding a percentage of spherical coverage rather difficult, as there would be difficult to illustrate how combined EIS could be linked with actual spherical coverage.
For separate case: The two EIS value do have some independency, since the data and corresponding panel are assumed to be different. This kind of separate treatment, is likely to be easier to be compared to single AoA case, thus having more possibility to re-use Rel-15 threshold or some requirements, though the details are still not clear.
In all, there is a brief comparison of the main two ways:
Observation 12: 
Table 1: Comparison of different guidelines for 2AoA EIS
	How to treat EIS for 2AoA?
	Pros
	Cons

	Combined 
	Better reflect overall performance.
	Not easy to do mapping with spherical coverage or reuse legacy requirements or concept.

	Separate
	May easier to do mapping with spherical coverage or reuse legacy requirements or concept.
	More difficult to reflect overall performance.



Proposal 5: Further study how to define performance requirements for 2AoA case, and consider the case with interference during the process.

Conclusion
In this paper, a general analysis was provided on Mutli-Rx RF requirements issue, and a number of observations and proposals are provided.
Observation 1: A typical UE implementation has to active the multi-panels for Rx beamforming for different QCL type D RS. 
Observation 2: Use one layer per AoA for RF test was proposed. 
Observation 3: Multi-panel design already used from Rel-15 with one panel active at a time, and unequal performances between panels are normal. 
Observation 4: There is no panel specific requirements or configuration in the core and testing spec from Rel-15. 
Observation 5: The design of 2AoA directions selection for multi-RX would have significant impact on the requirements and the feasibility.
Observation 6: Testing all 2AoA combinations is not possible, and some selection/simplification is needed.
[bookmark: _GoBack]Observation 7: 2AoA directions Option 1 (Full set AoA1 + samples of AoA2 for each AoA1) is unduly complex than the verification can support. 
Observation 8: 2AoA directions option 2 (One Fixed AoA1 (e.g. Peak) + Full set AoA2) have a number of merits and maybe the most simplified configuration.
Observation 9: 2AoA directions Option 2a (Multiple AoA1 + Full set AoA2) can improve the 2AoA selection coverage, but the test efforts would also increase proportionally.
Observations 10: Small angle differences between different AoA would cause extra interference. It is still not clear whether and how to consider it.
Observation 11: With the 2 EIS values for each AoA pair, performance metric can be either combined together or treat them separately.
Observation 12: 
	How to treat EIS for 2AoA?
	Pros
	Cons

	Combined 
	Better reflect overall performance.
	Not easy to do mapping with spherical coverage or reuse legacy requirements or concept.

	Separate
	May easier to do mapping with spherical coverage or reuse legacy requirements or concept.
	More difficult to reflect overall performance.




Proposal 1: The concept of panel should not be explicitly used in core requirements and test configurations. 
Proposal 2: Discuss the design of 2AoA configuration together with the requirements.
Proposal 3: For 2AoA directions, option 2(One Fixed AoA1 (e.g. Peak) + Full set AoA2) is proposed to be baseline, and option 3(Multiple AoA1 + Full set AoA2) can also be considered. Whether and how further exceptions, such as the cases of small angle difference, would be considered also need discussion.
Proposal 4: Two EIS values can be obtained for a combination of two AoAs, by means of fixing the power of one AoA and do measurements of another one.
Proposal 5: Further study how to define performance requirements for 2AoA case, and consider the case with interference during the process.
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