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In this paper, we provide our views on UE RF requirements for simultaneous DL reception in FR2-1 based on the approved WF [1]. 
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Discussion 
Based on the WF[1], the simulation of the pass ratio over the whole sphere is performed by considering different antenna module performances, different UE orientations, and different antenna module combinations. 
· Antenna module performance
· Case 1: antenna module#1 and antenna module#2 are assumed to have the same performance gain
· Case 2: antenna module#1 is assumed to have a 3dB lower performance gain than antenna module#2
· Case 3: antenna module#2 is assumed to have a 3dB lower performance gain than antenna module#1
· [image: ]UE orientation
· Z-axis oriented     
· Y-axis oriented 
· X-axis oriented
· Probes are located in the xz plane in [2]
· Antenna module combination
· left-side & right-side combination
· left-side & top-side combination

The following assumptions are considered by the WF.
	Considered simulation assumption
· # of antenna module = 2, dual polarized
· array of element antenna in each antenna module = 4x1
· UE assigns ‘first’ module to track TRP that yields highest RSRP among all combinations of modules and TRPs. The best of the other modules is assigned to track the other TRP
· Pass/Fail criterion 
· If min[SINR_AoA1, SINR_AoA2] >= -1dB, PASS, otherwise, FAIL
· For a specific angular separation between 2 TRPs and a specific UE orientation under standardized DL power level which is equal between 2 TRPs, the result at each test point is constructed based on two AoA pairs containing that test point, i.e., AoA+ pair and AoA- pair. Overall result (probability to support 2TRP DL) is by averaging regional results.
· Area weight type for spatial average (for constant-step grid)
· sin θ is used for summing or averaging data collected on a lat-long grid. 
· Both DL powers are same as the legacy spherical coverage EIS requirement as starting point 
· Scale the antenna gain to make UE align with both the legacy peak EIS and spherical coverage requirements 
· Noise(dBm)= -174 +10*log10(CBW) +NF
· CBW = 100MHz
· NF = 10
· AOA offsets 
· 30°, 60°, 90°, 120°, 150°, 180°
· Band = n257 

Considered simulation procedure
1. For one UE implementation
2. For one UE orientation
 3. Run EM simulation to obtain per-beam antenna gain patterns
· Constant step size is suggested <= 5°
· Performance difference between V/H element can be considered
· Normalize antenna gain to align with the gain drop between peak EIS and spherical coverage in current spec 
4. For one angular separation
5. For one test grid point in 3D scan
· Select beam based on RSRP
5.1 Calculate SINR of AoA+ and AoA- respectively
· SINR = P_signal/(Noise + P_interf)
Where the P_signal is the power of wanted signal and the P_interf is the power of interference, Noise(dBm)= -174 +10*log10(CBW) +NF, CBW is channel bandwidth, NF =10
5.2 If SINR > =-1, PASS, otherwise, FAIL
5.3a OR combining the results of AoA+ and AoA-
5.3b No logic combination of the results of AoA+ and AoA-, but treat them as two separate points
 (e.g., arithmetic mean)
· Other methods for +/- offset data are not precluded
· Companies are encouraging to provide analysis on the pros and cons for each “combination” method 
5.4 Add weighting (sin θ or Clenshaw-Curtis Quadrature)
6. Repeat for other test grid point
7. Calculate the spherical coverage percentage
8. Repeat for other angular separation
9. Repeat for other UE orientations
10. Repeat for other UE implementations




Figure 2.1, Figure 2.2, and Figure 2.3 show the results of the pass ratio of both OR combining and averaging for Case1, Case2, and Case3, respectively. 
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                   (a). OR combining                                  (b) Averaging
Figure 2.1: Pass Ratio of both ‘OR combining’ and ‘averaging’ for Case 1.
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                   (a). OR combining                                  (b) Averaging
Figure 2.2: Pass Ratio of both ‘OR combining’ and ‘averaging’ for Case 2.
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                   (a). OR combining                                  (b) Averaging
Figure 2.3: Pass Ratio of both ‘OR combining’ and ‘averaging’ for Case 3.
From the figures, the followings are observed.
Observation 1: The variance of the Pass Ratio among UE-oriented axes for both ‘OR combining’ and ‘averaging’ is high when AOA offset is high.
Observation 2: The variance of the Pass Ratio among UE-oriented axes for the antenna module combination of left&right is higher than that for the antenna module combination of left&top when AOA offset is high.

Table 2.1 and Table 2.2 show the summary of the averaged Pass ratio among UE-oriented axes for ‘OR combining’ and ‘averaging’ respectively. 
· Table 2.1: Summary of the averaged pass ratio among UE-oriented axes for ‘OR combining’
	AoA Offset (Degree)
	OR combining (%)

	
	left & right-side
	left & top-side

	
	Ant.moduleGain
	Ant.moduleGain

	
	Case 1
	Case 2
	Case 3
	Case 1
	Case 2
	Case 3

	30
	22.3
	15.2
	15.2
	18.3
	12.4
	12.5

	60
	27.9
	21.4
	21.8
	23.0
	17.3
	17.7

	90
	33.7
	26.2
	26.4
	27.4
	20.8
	21.8

	120
	34.9
	29.2
	26.1
	29.1
	23.2
	22.7

	150
	34.5
	27.5
	24.9
	29.0
	22.5
	22.1

	180
	31.1
	22.2
	22.0
	27.4
	18.5
	18.1



· Table 2.2: Summary of the averaged pass ratio among UE-oriented axes for ‘averaging’
	AoA Offset (Degree)
	Averaging (%)

	
	left & right-side
	left & top-side

	
	Ant.moduleGain
	Ant.moduleGain

	
	Case 1
	Case 2
	Case 3
	Case 1
	Case 2
	Case 3

	30
	16.3
	10.9
	10.9
	12.9
	8.3
	8.3

	60
	22.5
	17.3
	17.5
	18.2
	13.5
	13.4

	90
	26.7
	21.1
	21.1
	21.7
	16.0
	16.3

	120
	29.4
	24.7
	21.6
	23.7
	18.7
	17.6

	150
	29.3
	23.7
	21.1
	23.4
	17.6
	16.9

	180
	25.6
	19.8
	19.7
	21.9
	15.1
	14.8



From the tables, the followings are observed.
Observation 3: For the averaged Pass Ratio among UE-oriented axes for both ‘OR combining’ and ‘averaging’, the antenna module combination of ‘left&right’ is up to about 6% higher than ‘left&top’. 
Observation 4: For the averaged Pass Ratio among UE-oriented axes for ‘OR combining’, Case1 is up to about 9% higher than Case 2, and 9.5% higher than Case 3. 
Observation 5: For the averaged Pass Ratio among UE-oriented axes for ‘averaging’, Case1 is up to about 7% higher than Case 2, and 8.2% higher than Case 3. 

To reduce the high variance of the pass ratio depending on UE oriented axis, the requirement needs to be specified by averaging the Pass ratios of 3 UE-oriented axes. 
[bookmark: _GoBack]Proposal 1: Define the requirement by averaging the Pass Ratios of 3 UE-oriented axes.

Considering observation 3, the requirement needs to be defined by considering the lower Pass Ratio between antenna module combinations. For example, the antenna module combination of ‘left&top’ can be applied.
Proposal 2: Define the requirement by considering the worst Pass Ratio between antenna module combinations.

Considering observation 4 and observation 5, if a single requirement is defined regardless of whether one antenna module has a lower antenna performance gain than another antenna module, the requirement can be too relaxed. Therefore, the different requirements need to be defined depending on the antenna modules’ performance which can be indicated by UE capability. And, regarding that ‘averaging’ is a lower difference than ‘OR combining’ between Case1 and Case2, or, Case1 and Case 3, ‘averaging’ is a bit preferable.
Proposal 3: Define the requirement with either ‘OR combining’ or ‘averaging’.
Proposal 4: How to specify the difference in Pass Ratio according to antenna modules’ performance should be considered.
Proposal 5: Introduce UE capability if the different requirements are specified according to the antenna modules’ performance.

To guarantee that the averaged Pass Ratio is not high between AOA offsets, UE needs to meet the requirement of at least two AOA offsets. One is selected from {30o, 60 o, 90 o } and another is selected from {120 o, 150 o, 180 o }.
Proposal 6: Consider that UE shall meet the requirement of at least two AOA offsets to reduce test time. One is selected from {30o, 60o, 90o } and another is selected from {120o, 150o, 180o }.

Table 2.3 can be one example of the FR2-1 PC3 requirement of Pass Ratio with ‘OR combining’ for both antenna modules are same antenna gain as the legacy antenna module. 
Table 2.4 can be one example of the FR2-1 PC3 requirement of Pass Ratio with ‘OR combining’ for either antenna module is lower antenna gain than the legacy antenna module. 
Table 2.5 can be one example of the FR2-1 PC3 requirement of Pass Ratio with ‘averaging’ for both antenna modules are same antenna gain as the legacy antenna module. 
Table 2.6 can be one example of the FR2-1 PC3 requirement of Pass Ratio with ‘averaging’’ for either antenna module is lower antenna gain than the legacy antenna module. 
Proposal 7: Consider the requirements of Table 2.3 and Table 2.4 for ‘OR combining’, and Table 2.5 and Table 2.6 for ‘averaging’ as a starting point.

Table 2.3: Pass Ratio for ‘OR combining’ (Case1)
	Operating band
	Fixed DL power (dBm) / Channel bandwidth
	Pass Ratio(Y)[%]/AOA Offset (degree)

	
	50 MHz
	100 MHz
	200 MHz
	400 MHz
	30o
	60o
	90o
	120o
	150o
	180o

	n257
	-77.4
	-74.4
	-71.4
	-68.4
	18
	23
	27
	29
	29
	27

	n258
	-77.4
	-74.4
	-71.4
	-68.4
	18
	23
	27
	29
	29
	27

	n259
	-71.9
	-68.9
	-65.9
	-62.9
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	n260
	-73.1
	-70.1
	-67.1
	-64.1
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	n261
	-77.4
	-74.4
	-71.4
	-68.4
	18
	23
	27
	29
	29
	27

	n262
	-69.7
	-66.7
	-63.7
	-60.7
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	NOTE 1:	The transmitter shall be set to PUMAX as defined in clause 6.2.4
NOTE 2:	The EIS spherical coverage requirements of 2 AOA offsets are verified only under normal thermal conditions as defined in Annex E.2.1.
NOTE 3:  UE shall meet at least two AOA offsets. One is from {30o, 60o, 90o } and another is from {120o, 150o,180o }.




Table 2.4: Pass Ratio for ‘OR combining’ (Case2/Case3)
	Operating band
	Fixed DL power (dBm) / Channel bandwidth
	Pass Ratio(Y)[%]/AOA Offset (degree)

	
	50 MHz
	100 MHz
	200 MHz
	400 MHz
	30o
	60o
	90o
	120o
	150o
	180o

	n257
	-77.4
	-74.4
	-71.4
	-68.4
	12
	17
	20
	23
	22
	18

	n258
	-77.4
	-74.4
	-71.4
	-68.4
	12
	17
	20
	23
	22
	18

	n259
	-71.9
	-68.9
	-65.9
	-62.9
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	n260
	-73.1
	-70.1
	-67.1
	-64.1
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	n261
	-77.4
	-74.4
	-71.4
	-68.4
	12
	17
	20
	23
	22
	18

	n262
	-69.7
	-66.7
	-63.7
	-60.7
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	NOTE 1:	The transmitter shall be set to PUMAX as defined in clause 6.2.4
NOTE 2:	The EIS spherical coverage requirements of 2 AOA offsets are verified only under normal thermal conditions as defined in Annex E.2.1.
NOTE 3:  UE shall meet at least two AOA offsets. One is from {30o, 60o, 90o } and another is from {120o, 150o,180o }.




Table 2.5: Pass Ratio for ‘averaging’ (Case1)
	Operating band
	Fixed DL power (dBm) / Channel bandwidth
	Pass Ratio(Y)[%]/AOA Offset (degree)

	
	50 MHz
	100 MHz
	200 MHz
	400 MHz
	30o
	60o
	90o
	120o
	150o
	180o

	n257
	-77.4
	-74.4
	-71.4
	-68.4
	12
	18
	21
	23
	23
	21

	n258
	-77.4
	-74.4
	-71.4
	-68.4
	12
	18
	21
	23
	23
	21

	n259
	-71.9
	-68.9
	-65.9
	-62.9
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	n260
	-73.1
	-70.1
	-67.1
	-64.1
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	n261
	-77.4
	-74.4
	-71.4
	-68.4
	12
	18
	21
	23
	23
	21

	n262
	-69.7
	-66.7
	-63.7
	-60.7
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	NOTE 1:	The transmitter shall be set to PUMAX as defined in clause 6.2.4
NOTE 2:	The EIS spherical coverage requirements of 2 AOA offsets are verified only under normal thermal conditions as defined in Annex E.2.1.
NOTE 3:  UE shall meet at least two AOA offsets. One is from {30o, 60o, 90o } and another is from {120o, 150o,180o }.




Table 2.6: Pass Ratio for ‘averaging’ (Case2/Case3)
	Operating band
	Fixed DL power (dBm) / Channel bandwidth
	Pass Ratio(Y)[%]/AOA Offset (degree)

	
	50 MHz
	100 MHz
	200 MHz
	400 MHz
	30o
	60o
	90o
	120o
	150o
	180o

	n257
	-77.4
	-74.4
	-71.4
	-68.4
	8
	13
	16
	18
	17
	15

	n258
	-77.4
	-74.4
	-71.4
	-68.4
	8
	13
	16
	18
	17
	15

	n259
	-71.9
	-68.9
	-65.9
	-62.9
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	n260
	-73.1
	-70.1
	-67.1
	-64.1
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	n261
	-77.4
	-74.4
	-71.4
	-68.4
	8
	13
	16
	18
	17
	15

	n262
	-69.7
	-66.7
	-63.7
	-60.7
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	NOTE 1:	The transmitter shall be set to PUMAX as defined in clause 6.2.4
NOTE 2:	The EIS spherical coverage requirements of 2 AOA offsets are verified only under normal thermal conditions as defined in Annex E.2.1.
NOTE 3:  UE shall meet at least two AOA offsets. One is from {30o, 60o, 90o } and another is from {120o, 150o,180o }.




Conclusion
In this contribution, we provided our views on the enhanced FR2-1 UE RF Rx requirements from the simulation results based on the WF. Related observations and proposals are as follows.
Observation 1: The variance of the Pass Ratio among UE-oriented axes for both ‘OR combining’ and ‘averaging’ is high when AOA offset is high.
Observation 2: The variance of the Pass Ratio among UE-oriented axes for the antenna module combination of left&right is higher than that for the antenna module combination of left&top when AOA offset is high.
Observation 3: For the averaged Pass Ratio among UE-oriented axes for both ‘OR combining’ and ‘averaging’, the antenna module combination of ‘left&right’ is up to about 6% higher than ‘left&top’. 
Observation 4: For the averaged Pass Ratio among UE-oriented axes for ‘OR combining’, Case1 is up to about 9% higher than Case 2, and 9.5% higher than Case 3. 
Observation 5: For the averaged Pass Ratio among UE-oriented axes for ‘averaging’, Case1 is up to about 7% higher than Case 2, and 8.2% higher than Case 3. 

Proposal 1: Define the requirement by averaging the Pass Ratios of 3 UE-oriented axes.
Proposal 2: Define the requirement by considering the worst Pass Ratio between antenna module combinations.
Proposal 3: Define the requirement with either ‘OR combining’ or ‘averaging’.
Proposal 4: How to specify the difference in Pass Ratio according to antenna modules’ performance should be considered.
Proposal 5: Introduce UE capability if the different requirements are specified according to the antenna modules’ performance.
Proposal 6: Consider that UE shall meet the requirement of at least two AOA offsets to reduce test time. One is selected from {30o, 60o, 90o } and another is selected from {120o, 150o, 180o }.
Proposal 7: Consider the requirements of Table 2.3 and Table 2.4 for ‘OR combining’, and Table 2.5 and Table 2.6 for ‘averaging’ as a starting point.
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