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Background
The requirement for NR frequency range 2 (FR2) multi-Rx chain DL reception was further discussed in RAN4#106, and a WF agreed in [1]. In this contribution, we further analyze the multi-Rx chain DL reception requirement framework based on the go/no-go test method. In addition, detailed discussions on simulation setup have also been provided.  

1. [bookmark: _Hlk8895418]Requirement scope and test metric
In RAN4#106, it has been agreed that the go/no-go test method will be taken as a baseline for verifying the UE spherical coverage requirement for multi-Rx chain [1]:
Only verify the UE functionality (e.g., go or no-go) under two AoAs with a fixed DL power level. In other words, the UE can achieve EIS performance not worse than YdBm on the test point pair (corresponding to 2 AoAs) and the ratio of qualified test points over the whole sphere is M%
It can be observed that the DL power level Y dBm and the spherical coverage percentage M% still need to be defined to set a completed RF requirement. For the DL power, we suggested re-using the legacy spherical coverage receiver sensitivity level on 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. 
Once the DL power is agreed upon, further simulation and setting of the core requirements for the coverage percentage M% can be carried out. In the rest of the paper, we will analyze the feasible M values based on different UE implementations, AoA offset, and the quantification method on the simulation results. 
Proposal 1: Re-use the legacy spherical coverage receiver sensitivity level (single probe) as the DL power to set the core requirement, and then derive the minimum coverage percentile requirement for multi-Rx chain DL reception accordingly. 
1. Simulation setup of UE spherical coverage requirement
A comprehensive list of parameters that need to be defined for simulations has been summarized in Tab. I  to further elaborate on the simulation procedure. The needed parameters are categorized into three aspects, which are 1) reference UE implementation, 2) the DL signal setup, and 3) how we quantify the simulation results. 
During RAN4#106, agreements have been partially reached on the listed parameters, but some others remain FFS or up to UE vendor choice. In the rest of this section, we will provide further insight into the simulation setup we adopted for this paper. 








Table I. The simulation setup for deriving the UE spherical coverage requirement for multi-Rx chain DL reception
	Category 
	Parameters
	Comments for simulations

	The reference UE implementation
	Antenna and packaging assumption:
	Agreement in RAN4#106:
calibrate the simulation baseline with legacy peak EIS spec and legacy spherical EIS spec. as baseline
Note: in the simulation results presented in this paper, only peak EIS has been calibrated, not the spherical coverage EIS. 

	
	The capability of how UE handles the cross-talk interference 
	Agreement in RAN4#106:
No “joint detect/decode” is considered in simulation for mDCI. In other words, Process only 2 TRP-RX pairs– In this case we only consider two TRP to RX pairs - TRP1-RX1 and TRP2-RX2. The signal from TRP2 to RX1 and TRP1 to RX2 is treated as interference. 
 

	
	2TRP UE behavior assumptions
	FFS

	The DL signal setup
	The DL powers
	Agreement in RAN4#106:
Re-use the legacy spherical coverage receiver sensitivity level (single probe) as the DL power for each probe to set the core requirement as starting point

	
	The DL polarization
	Agreement in RAN4#106:
The UE RF requirement is derived assuming the worst case polarization match between the 2 TRPs. The requirement applies for any combination of DL polarizations from each TRP.

	
	The two AoA sweeping schemes
	Agreement in RAN4#106:
apply a full rotation in θ and a half rotation in φ. For optimized AoA1 and AoA2 test point/perceived DL direction coverage, utilize constant-step size grids only.


	
	The AoA offset
	Agreement in RAN4#106:
In the simulation, all AoA separation values in the list {30°, 60°, 90°, 120°, 150°, 180°} shall be simulated.

	
	The UE P0 Orientation
	Agreement in RAN4#106:
UE orientation w.r.t P0 position (z-axis) is part of core requirement consideration.
In the simulation, RAN4 should study all the orientations.


	Quantification of simulated results
	Per AoA 
	“and” combine
	FFS, weight sin(theta1)*dtheta1 *phi1, total weight 4*pi

	
	
	“or” combine
	FFS, weight sin(theta1)*dtheta1 *phi1, total weight 4*pi

	
	
	No combine
	FFS, weight sin(theta1)*dtheta1 *phi1, total weight 8*pi

	
	Per AoA pair
	No combine
	FFS, 
weight: sin(theta1)*sin(theta2)*dtheta1*dphi1
total weight: depends on AoA offset



1. The reference UE implementation
0. Antenna and packaging assumption:
In order to examine the impact due to different UE implementations, two reference UE implementations shown in Fig. 1 have been used in the simulations. Each UE contains two antenna arrays with dual-polarized 4*1 patch elements. In our understanding, the two proposed reference UE implementations can well represent the mainstream commercial device implementation and can be used as a reference UE implementation for the setting RF requirement of multi-Rx chain reception. 
[image: ]                        [image: ]
                                                         back-to-back panel implementation                                  orthogonal panel implementation
Figure 1. Reference UE implementation to derive the minimum requirement for two AoAs reception.
In the simulation results shown in later sections, the NF/implementation loss is calibrated so that the DL SNR in the peak direction equals -1 dB when the DL power is set to REFSENS level. In addition, it is worth mentioning that no further calibration on the UE spherical coverage has been performed. The reason is that the conventional single AoA spherical coverage requirement is a compromise between single-panel and two-panel configurations, which is significantly lower than that for the two-panel configuration that is assumed for multi-Rx chain reception. 
0. 2TRP UE behavior assumptions
How UE selects its antenna panel or module is also a critical factor that needs to be considered. In the simulation results presented in this paper, the following approach has been adopted:
1. Assume one of the two TRPs is anchor TRP, and it will be connected to the UE first. The UE will choose the beam with the highest RSRP among the two panels to connect to this TRP. 
2. Then, the UE will connect to the second TRP with the beam with the highest RSRP from the panel that is NOT connected to the first TRP.
It is also possible that the UE further optimized the beam selection based on the SINR or channel capacity conditions once it connected to both TRPs. However, such a mechanism is not included in the simulation results presented in this paper, and RAN4 can further discuss if other UE behavior should be taken as a baseline to derive the minimum requirement.
Proposal 2: RAN4 shall further discuss the simulation assumption for UE behavior when the UE selects the two beams for the two DL signals. 
1. The DL signal setup
For DL signal setup, it is our understanding that the necessary information to perform the simulation has been all defined in RAN4#106. 
One thing we would like to highlight here is that all the simulation results in this paper are based on usingboth +AoA offset and -AoA offsets. In other words, for a given AoA1 and a given offset, there are always two AoA2s with (AoA1+offset) and (AoA1-offset). How to combine and quantify the results for positive and negative offsets will be further discussed in the next section.  
1. Quantification of simulated results
Though the simulation setup has been mostly clarified in sections 2.1 and 2.2, how the simulated data should be quantified, or in other words, how each test point should be weighted when we calculate their statistic with constant-step size grids, has not been agreed. 
For legacy single AoA spherical coverage with constant-step size grids, a weight factor  is introduced to correctly weight each measurement point with the corresponding solid angle area. However, with two AoAs that need to be quantified simultaneously, two methods of performing weight factor were discussed in the last RAN4 meeting, which are named “per TRP pair” weight and “per TRP” weight in this paper. The physical meaning and mathematic representation details of each method are discussed in sections 2.3.1 and 2.3.2, respectively. 
2. Weight per TRP pair
The first method, and the most intuitive way in our view, is to assign a proper weight factor to each TRP pair. 
Recall that if the AoAs of the two TRPs can be arbitrary values rather than with a fixed offset in between, a full double surface integral needs to be performed to sweep through all the possible combinations of AoA1  and AoA2 to calculate the probability P that the device can successfully connect to two TRPs
                                                                                    (2.3.1-1)
where 
                                       (2.3.1-2)
                                           (2.3.1-3)
 if both panels have SINR larger than -1 dB; otherwise, it equals 0. In this case, it can be observed that the corresponding weight factor for each TRP pair should be . 
Observation 1: the weight factor for each TRP pair is .
Now consider that only a fixed offset would be applied to between AoA1 and AoA2, the same weight factor can still be used if we see this as a subset of the full double surface integral. However, since a constant offset between AoA1 and AoA2 needs to be applied (e.g., AoA2 = AoA1+ offset), a Dirac delta function needs to be plugged into the integral  , so that we only count the AoA pairs which has the required offset. 
Assuming a case that the offset is only applied to plane, e.g., , where c is a constant offset, the integral of f  in 2.3.1-2 becomes  as below. Please note that since  is from 0° to 180°,  needs to be wrapped within the same range. 
      (2.3.1-4)
by integral over  and  , the double surface integral will be degraded to a single surface integral, as shown in 2.3.1-5. The detail of derivation can be found in the appendix. 
                                        (2.3.1-5)
Moreover, to correctly calculate the probability, the total weight  (assuming all test points can pass the SINR threshold -1dB) also needs to be correctly computer as well. For a completed double surface integral, the total weight  equals (4π)2. However, for the subset that has a fixed offset between AoA1 and AoA2, the total weight   varies with the AoA offset values, which are shown in Fig. 2. The value is computed numerically with the integral below but with constrain that  should be wrapped within the range from [0° 180°]. 
                                                        (2.3.1-6)                                      
[image: ]
Figure 2. The total weight  with different AoA offset values.
Observation 2: the total weight varies with AoA offset values when the results are weighted per TRP pair. 
With  and  , the percentage of spherical coverage can be computed. As the results are weighted per TRP pair, the + offset and -offset pairs will be treated as two pairs or samples. The coverage probability  can be computed as: 
                           (2.3.1-6)                                      
2. Weight per TRP 
As an alternative way to quantify the results, statistical per “TRP” can be performed instead of per “TRP pair” was also discussed in the last RAN4 meeting. The coverage performance of each TRP is measured individually in this case. Mathematically, such an operation can be described as below: 
                                                                              (2.3.2-1)
where 
                                                    (2.3.2-2)
                                                           (2.3.2-3)
Note that the “go” or “no-go” condition (e.g., F function) for each test is still determined by the results from TRP pair, which is the same as per “TRP pair” weight. However, contrary to the case described in the section before, the weight factor therefore become  since we only perform the statistic over a single TRP, which are the same as legacy single AoA spherical coverage calculations. 
Observation 3: The weight factor is  when weighting the results per TRP. 
For the physical meaning, we can see TRP1 as an anchor TRP and TRP2 as an “add-on” TRP to provide the second link. Such a coverage performance can be interpreted as the probability that UE can be connected to the 2nd TRP with the anchor TRP from different AoAs. 
Observation 4: The physical meaning of the “per TRP” weight method can be interpreted as the probability that UE can be connected to the 2nd TRP with the anchor TRP from different AoAs.
In the conformance test, there will be two TRP2 associated with each TRP1, as it has been agreed that both + offset and -offset will be tested. Therefore, a proper way to combine the two tests for each TRP1 point is needed. Basically, three possible ways can be adopted: 
1) “and” combine: the TRP1 is counted as pass when both +offset and -offset results can pass the test. 
2) “or” combine: if one of the +offset and -offset passes the test, this TRP1 is counted as a pass.
3) “no logic” combination: treat +offset and -offset as two separate test points without logic combination of the results. 
In our view, an issue with adopting logical combination, e.g., “and combine” or “or combine,” is the bias on the test results, where either a good test result or a bad test result would be hidden due to the logical combination being used. Therefore, a preferred method is not to perform any logic combination on + offset and -offset results but to treat them as two test results. 
Observation 5: for each TRP1 test point, two test results are associated with +offset and -offset for TRP2.
Observation 6: failed test points (e.g., “no-go”) and passed test points (“go”) would be hidden if we adopt “and combine” and “or combine,” respectively.
Proposal 3: If the per TRP weight method is adopted, it is proposed not to perform any “logic combination” on the data from + offset and -offset but treat them as two test points.
Without the “logic combining” test results of +offset and -offset, the spherical coverage probability can be calculated as below. 
                                         (2.3.2-3)
The total weight becomes  as we count each TRP1 twice now with +offset and -offset. 
2. Summary
To summarize the lengthy discussion above, the main parameters for the two weight methods are listed in the table below. 
Table II. The summary of “per TRP pair” and “per TRP” weight method
	
	Weight per TRP pair
	Weight per TRP

	Go/no-go condition
	 if both panels have SINR larger than -1 dB (“go”)

	Physical meaning
	A subset for a full sweep of both AoAs.
	The probability that UE can be connected to the 2nd TRP with the anchor TRP from different AoAs.

	Weight 
per +offset
	
	

	Total weight 
per +offset
	  
with  wrapped within the range from [0° 180°]
	

	Probability
 per +offset and -offset
	
	



One can observe that the major difference between the two weight methods is that the solid angle area of AoA2 does not affect when the results are weighted per TRP. On the hand, weighting the results by “per TRP pair” consider the impact from the solid angle of both TRPs but mathematically, but the total weights need to be carefully treated. 
Observation 7: the major difference between the two weight methods is that the solid angle area of AoA2 does not affect when the results are weighted “per TRP”. On the hand, weighting the results by “per TRP pair” consider the impact from the solid angle of both TRPs, but the total weights need to be carefully treated. 
As a final remark for the weight method, this is major issue to be resolved for RAN4 to perform further simulations to derive the minimum requirement. Therefore, RAN4 shall strive to agree on the weight method and define the core requirement correspondingly based on reasonable physical and mathematical meaning. 
Proposal 4: RAN4 shall decide how to weight the test results based on reasonable physical and mathematical meaning.
1. Simulation results
The simulation setup for the device rotation and initial positions are shown illustrated in Fig. 3. Two reference UE implementations, which have been shown in Fig. 1 are simulated with three different initial positions P0. The grid step size is selected to be 1° to remove any uncertainty that might be introduced by a coarser step size. 
[image: ]
                           position 1                                                                         position 2                                                                    position 3
Figure 3. The simulation setup for UE rotation, UE P0 positions, and TRP locations. 
The simulation results of the probability that the device can connect to two TRPs with respect to different threshold SINR level/ AoA offset per TRP pair and per TRP weight methods are shown in Fig. 4 and Fig. 5, respectively. Overall, the following phenomena have been observed:
· Weight method: 
· The “per TRP pair” and “per TRP” weight methods show a similar trend. 
Observation 8: Similar trend can be observed when adopting different weight methods.
· P0 position:
· Performance differences can be observed at different P0 positions, which is mainly caused by the fact that the AoA offset is limited to  plane. Therefore, how to handle the P0 position in conformance test needs to be further studied. One possible option to allow UE vendors to declare the preference P0 position while the core requirement shall be defined based on the best results among all the possible P0 positions. 
Observation 9: Since the AoA offset is limited to  plane, performance differences can be observed at different P0 positions.
Proposal 5: Further study how to handle the test performance differences due to different P0 positions. 
· AoA offset and coverage probability M%: 
· The performance difference between different back-to-back and orthogonal panel implementations are similar for small AoA offsets (e.g., 30° or 60°), while the performance of back-to-back implementations outperforms the orthogonal panel implementations for large AoA offsets. 
· The coverage performance highly depends on AoA offset. 
· The percentage value of AoA offset = 30° may be too low to be tested with a practical grid step (e.g., 15°) and may not be feasible for setting core requirements.  
Observation 10: The coverage performance highly depends on AoA offset and UE panel placement, but different UE implementations show similar performances for small AoA offset.
Observation 11: The coverage performance at AoA offset = 30° may be too low to be tested with a practical grid step and may not be feasible for setting core requirements.  
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. Considering the simulated UE performance, it is proposed to test the UE with 60° and 150° AoA offset, but whether the same requirements should be applied to both offsets can be studied further. 
Proposal 6: it is proposed to test the UE with 60° and 150° AoA offsets, but whether the same requirements should be applied to both offsets can be studied further.
Some initial results for coverage probability with respect to -1 dB threshold SINR has been summarized in Table III for an initial discussion on the possible core requirement. 
Table III. The coverage probability at threshold SINR at -1 dB
	
	per TRP pair weight
	per TRP weight

	UE implementation
	Back-to-back
	Orthogonal
	Back-to-back
	Orthogonal

	AoA offfset
	60°
	150°
	60°
	150°
	60°
	150°
	60°
	150°

	position 1
	20%
	58%
	12%
	36%
	30%
	54%
	14%
	36%

	position 2
	16%
	64%
	14%
	34%
	13%
	54%
	14%
	30%

	position 3
	18%
	48%
	14%
	32%
	14%
	59%
	15%
	31%
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back-to-back panel implementation in position 1                                   orthogonal panel implementation in position 1
[image: ][image: ]
back-to-back panel implementation in position 2                                  orthogonal panel implementation in position 2
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back-to-back panel implementation in position 3                                   orthogonal panel implementation in position 3

Figure 4. The simulation results with “per TRP pair” weight method 
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back-to-back panel implementation in position 1                                  orthogonal panel implementation in position 1
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back-to-back panel implementation in position 2                                   orthogonal panel implementation in position 2
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back-to-back panel implementation in position 3                                   orthogonal panel implementation in position 3

Figure 5. The simulation results with “per TRP” weight method 
1. Conclusion
In this contribution, we make the following observations and conclusions:
Observation 1: the weight factor for each TRP pair is .
Observation 2: the total weight varies with AoA offset values when the results are weighted per TRP pair. 
Observation 3: The weight factor is  when weighting the results per TRP. 
Observation 4: The physical meaning of the “per TRP” weight method can be interpreted as the probability that UE can be connected to the 2nd TRP with the anchor TRP from different AoAs.
Observation 5: for each TRP1 test point, two test results are associated with +offset and -offset for TRP2.
Observation 6: failed test points (e.g., “no-go”) and passed test points (“go”) would be hidden if we adopt “and combine” and “or combine,” respectively.
Observation 7: the major difference between the two weight methods is that the solid angle area of AoA2 does not affect when the results are weighted “per TRP”. On the hand, weighting the results by “per TRP pair” consider the impact from the solid angle of both TRPs, but the total weights need to be carefully treated. 
Observation 8: Similar trend can be observed when adopting different weight methods.
Observation 9: Since the AoA offset is limited to  plane, performance differences can be observed at different P0 positions.
Observation 10: The coverage performance highly depends on AoA offset and UE panel placement, but different UE implementations show similar performances for small AoA offset.
Observation 11: The coverage performance at AoA offset = 30° may be too low to be tested with a practical grid step and may not be feasible for setting core requirements.  
Proposal 1: Re-use the legacy spherical coverage receiver sensitivity level (single probe) as the DL power to set the core requirement, and then derive the minimum coverage percentile requirement for multi-Rx chain DL reception accordingly. 
Proposal 2: RAN4 shall further discuss the simulation assumption for UE behavior when the UE selects the two beams for the two DL signals. 
Proposal 3: If the per TRP weight method is adopted, it is proposed not to perform any “logic combination” on the data from + offset and -offset but treat them as two test points.
Proposal 4: RAN4 shall decide how to weight the test results based on reasonable physical and mathematical meaning.
Proposal 5: Further study how to handle the test performance differences due to different P0 positions. 
Proposal 6: it is proposed to test the UE with 60° and 150° AoA offsets, but whether the same requirements should be applied to both offsets can be studied further.
1. References
[1] R4-2303708	WF on NR FR2 multi-Rx chain DL reception  Samsung, Apple
1. Appendix The derivation of  for “per TRP” pair weight


image1.png




image2.emf
-

1

8

0

-

1

5

0

-

1

2

0

-

9

0

-

6

0

-

3

0 0

3

0

6

0

9

0

1

2

0

1

5

0

1

8

0

offset

6

6.5

7

7.5

8

8.5

9

9.5

10

t

o

t

a

l

 

w

e

i

g

h

t


image3.png
TRP2'

\
TRPL TRP1 TRPL

TRP2 TRP2 TRP2




image4.emf
-10 -9 -8 -7 -6 -5 -4 -3 -2 -1 0 1 2 3 4 5

SINR (dB)

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

C

D

F

30

60

90

120

150

180


image5.emf
-10 -9 -8 -7 -6 -5 -4 -3 -2 -1 0 1 2 3 4 5

SINR (dB)

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

C

D

F

30

60

90

120

150

180


image6.emf
-10 -9 -8 -7 -6 -5 -4 -3 -2 -1 0 1 2 3 4 5

SINR (dB)

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

C

D

F

30

60

90

120

150

180


image7.emf
-10 -9 -8 -7 -6 -5 -4 -3 -2 -1 0 1 2 3 4 5

SINR (dB)

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

C

D

F

30

60

90

120

150

180


image8.emf
-10 -9 -8 -7 -6 -5 -4 -3 -2 -1 0 1 2 3 4 5

SINR (dB)

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

C

D

F

30

60

90

120

150

180


image9.emf
-10 -9 -8 -7 -6 -5 -4 -3 -2 -1 0 1 2 3 4 5

SINR (dB)

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

C

D

F

30

60

90

120

150

180


image10.emf
-10 -9 -8 -7 -6 -5 -4 -3 -2 -1 0 1 2 3 4 5

SINR (dB)

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

C

D

F

30

60

90

120

150

180


image11.emf
-10 -9 -8 -7 -6 -5 -4 -3 -2 -1 0 1 2 3 4 5

SINR (dB)

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

C

D

F

30

60

90

120

150

180


image12.emf
-10 -9 -8 -7 -6 -5 -4 -3 -2 -1 0 1 2 3 4 5

SINR (dB)

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

C

D

F

30

60

90

120

150

180


image13.emf
-10 -9 -8 -7 -6 -5 -4 -3 -2 -1 0 1 2 3 4 5

SINR (dB)

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

C

D

F

30

60

90

120

150

180


image14.emf
-10 -9 -8 -7 -6 -5 -4 -3 -2 -1 0 1 2 3 4 5

SINR (dB)

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

C

D

F

30

60

90

120

150

180


image15.emf
-10 -9 -8 -7 -6 -5 -4 -3 -2 -1 0 1 2 3 4 5

SINR (dB)

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

C

D

F

30

60

90

120

150

180


