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1	Introduction 
The work item on NR RF requirements for FR2 [1] has made the following agreements related to radiative degradation mechanisms for larger frequency separation [3]:

	Background
-	Beam squint happens when DL BM reference signals and UL/DL control and/or data channels of interest are not within the same CC, see figure on right
-	Beam squint causes a received signal to have a frequency selective characteristic 
	-	It is a radiative-domain impairment
	-	It causes gain droop, like impairment caused by active circuitry in the conducted domain
-	Problem statement: Given CC1 and CC2 separated by ∆f and assuming the UE uses the codebook entry optimized for CC1, what is the degradation of CC2 spherical coverage?
-	Factors that can cause beam squint to become significant (see R4-2002147, R4-2000012, R4-2000018, R4-2001065): 
	-	Practical FR2 devices that may use analog beam forming 
	-	Signal has wide fractional BW (for example: = aggregated channel BW/ center frequency)
	-	High–directivity beams (higher directivity beams may suffer more degradation)
	-	Practical implementation constraints
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WF on Beam Squint Analysis
-	For any FR2 UE power class of interest, companies are encouraged to:
-	Share estimated impact to RF performance. Some examples:
-	CA EIRP
-	CA Refsens and spherical coverage EIS
-	CA beam correspondence
-	Impact of closed loop power control on MPR
-	Identify how to capture in standard
-	Preserve backward compatibility with Rel-15
-	Identify sub-sections that may be affected
-	Identify parameters or methods to quantify effect, including dependencies. 
-	For example of dependency, in intra-band CA case: frequency separation
-	For LB+LB/HB+HB inter-band CA: frequency separation 
-	Side conditions, like location of beam-management reference signals in relation to CA configuration



In this contribution we address the impact of this degradation mechanism on beam correspondence and EIS spherical coverage.
2	Discussion
In Rel-16 the FR2 DL CA feature is enhanced beyond the Rel-15 limitation of 800 MHz contiguous aggregate BW and 1400 MHz non-contiguous frequency separation up to 1400 MHz contiguous aggregate BW and 2400 MHz non-contiguous frequency separation.  In addition, as discussed in [2], the CA architecture for inter-band DL CA configurations with n258+n261 or n258+n257 shares common beam management for both bands, thereby increasing the total frequency span covered by the beam forming circuits up to 5250 MHz.  Following analogous arguments, inter-band DL CA configurations with n260+n259 could potentially span 6500 MHz.  Table 1 below summarizes the issue.

Table 1: Beam forming scenarios for carrier aggregation
	Frequency span (MHz)
	Example DL CA configuration
	Notes

	800
	n260F
	 “the same beam correspondence relationship for beam management is supported across CCs in Rel-15 and no requirement is specified” [38.101-2]

	1400
	n260A-A
	

	2400
	n260A-A
	Study needed to determine whether the Rel-15 requirement can be reused or should be updated to account for wider frequency span  

	4100
	n258A_n261A
	

	5250
	n258A_n257A
	

	6500
	n260A_n259A
	



Further improving the analysis an investigation of this issue was performed with the simulation assumptions listed in Table 2 below.

Table 2: Simulation assumptions for beam forming with CA
	Parameter
	Value
	Notes

	Antenna array size
	4x1, 2x2
	Assuming 2 panels (front & back placement)

	Element spacing
	5mm
	Value is implementation specific but represents the worst case for beam angle

	Element pattern
	See TR38.803
	

	Antenna impairments
	Not considered
	Antenna roll-off vs frequency was not considered in this analysis

	Phase shifter impairments
	See TR38.817-01
	Reuse gain variation and phase variation models from the Rel-15 beam correspondence study

	Transmission line impairments
	Modeled TL length and loss per element
	Transmission line lengths per antenna element, mismatch, and loss



The simulation scenario has the following problem statement: assuming the UE uses the codebook entry, optimized for CC1, what is the degradation of CC2 spherical coverage?  Figure 1 below illustrates the 50%-tile CDF gain loss for the 28 GHz (n258 intra-band and n258+n257) and (n260 intra-band and n260+n259) scenarios, respectively.  We note that in these simulations the codebook is optimized for CC1 placed at the left edge of the lowest-frequency band, and the placement of CC2 (to the right of CC1) is a swept parameter.  This represents the worst-case scenario, where the UE forms a beam based on measurements of CC1 and attempts to transmit on CC2 with the same beam.
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Figure 1: Degradation in the 50%-tile CDF vs. frequency separation

[bookmark: _Toc32324014][bookmark: _Toc32566456][bookmark: _Toc32566559][bookmark: _Toc32566568][bookmark: _Toc32581034][bookmark: _Toc32581321][bookmark: _Toc32581375][bookmark: _Toc37413672][bookmark: _Toc37413693][bookmark: _Toc37413743]Observation 1:	With increasing Fs, the phase of CC1 steering vector distorts the array response of CC2, and best beam selection optimized for CC1 degrades CC2 performance.

The wideband beam degradation effect on uplink performance can be summarized in the following terms:
-	For UL intra-band non-contiguous CA with Fs ≤ 1400 the impact is < 0.5 dB and can be captured as a degradation in the 50%-tile EIRP CDF performance for UEs which support bit-1 beam correspondence capability.
-	If a UE is configured and activated for inter-band DL CA between common band groups (e.g. 28 GHz + 28 GHz or 39 GHz + 39 GHz), a scenario can exist where the network employs a common beam for both bands, and the UE selects its UL beam on CC1 based on DL measurements made on CC2, where the frequency separation between CC1 and CC2 can be as lage as shown in Figure 1.  In this scenario, degradation in UL performance can be up to 1.8 dB and 2.6 dB, depending on the band group.
-	The impact of both of the above effects on transmit power control tolerance and TPC loop convergence is also recommended to be studied.
-	No impact on peak EIRP performance has been observed by this degradation mechanimsm
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[bookmark: _Toc32324019][bookmark: _Toc32566461][bookmark: _Toc32566564][bookmark: _Toc32566573][bookmark: _Toc32581039][bookmark: _Toc32581326][bookmark: _Toc32581380][bookmark: _Toc37413675][bookmark: _Toc37413696][bookmark: _Toc37413746]Proposal 3:	Further study is needed to determine whether the following scenario is valid: a UE is configured and activated for inter-band DL CA between common band groups (e.g. 28 GHz + 28 GHz or 39 GHz + 39 GHz) needs to select the UL beam for a CC in one group based on DL measurements made in a CC of another group.
[bookmark: _Toc37413676][bookmark: _Toc37413697][bookmark: _Toc37413747]Proposal 4:	The impact of both of the above effects on transmit power control tolerance and TPC loop convergence is also recommended to be studied.

The wideband beam degradation effect on downlink performance can be summarized in the following terms:
-	For DL intra-band non-contiguous CA with Fs ≤ 1400 the impact is < 0.5 dB and can be captured as a degradation in the 50%-tile EIS CDF performance.
-	For DL intra-band non-contiguous CA with 1400 < Fs ≤ 2400 MHz the impact is < 0.6 dB.
-	For DL inter-band CA within common band groups (e.g. 28 GHz + 28 GHz or 39 GHz + 39 GHz) the impact can be up to 1.8 or 2.6 dB, depending on the band group.
-	No impact on peak EIS performance has been observed by this degradation mechanimsm

[bookmark: _Toc37413677][bookmark: _Toc37413698][bookmark: _Toc37413748]Proposal 5:	Further discussion is needed whether relaxations on EIS spherical coverage for intra-band non-contiguous DL CA are needed in Rel-16.
[bookmark: _Toc37413678][bookmark: _Toc37413699][bookmark: _Toc37413749]Proposal 6:	For inter-band DL CA within the 28 GHz band group, the impact on EIS spherical coverage is 1.8 dB
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3	Conclusions
This contribution has provided our views on the topic of radiative degradation mechanisms for larger frequency separation and has made the following observations and proposals:

Observation 1:	With increasing Fs, the phase of CC1 steering vector distorts the array response of CC2, and best beam selection optimized for CC1 degrades CC2 performance.

Proposal 1:	The Rel-16 requirement on beam correspondence for CA needs to be enhanced to include scope for UL intra-band non-contiguous CA.
Proposal 2:	Further discussion is needed whether Rel-15 beam correspondence for CA requirement on UL intra-band non-contiguous CA with Fs ≤ 1400 can be relaxed.
Proposal 3:	Further study is needed to determine whether the following scenario is valid: a UE is configured and activated for inter-band DL CA between common band groups (e.g. 28 GHz + 28 GHz or 39 GHz + 39 GHz) needs to select the UL beam for a CC in one group based on DL measurements made in a CC of another group.
Proposal 4:	The impact of both of the above effects on transmit power control tolerance and TPC loop convergence is also recommended to be studied.
Proposal 5:	Further discussion is needed whether relaxations on EIS spherical coverage for intra-band non-contiguous DL CA are needed in Rel-16.
Proposal 6:	For inter-band DL CA within the 28 GHz band group, the impact on EIS spherical coverage is 1.8 dB
Proposal 7:	For inter-band DL CA within the 39 GHz band group, the impact on EIS spherical coverage is 2.6 dB


4	References
[1] [bookmark: _Ref16617333][bookmark: _Ref24049351]RP-190761, “NR RF requirements for FR2,” Nokia, Nokia Shanghai Bell, 3GPP RAN #83, March 2019
[2] [bookmark: _Ref24050515]R4-1913540, “FR2 DL inter-band CA architecture considerations,” Apple Inc., 3GPP RAN4 #93, November 2019
[3] [bookmark: _Ref37413760]R4-2002826, “WF on radiative degradation mechanisms for larger frequency separation,” Qualcomm, 3GPP RAN4 #94-e, February 2020

Apple Inc.
Apple Inc.
image2.emf



0 400 800 1200 1600 2000 2400 2800 3200 3600 4000 4400 4800 5200



Frequency separation (MHz)



0



0.2



0.4



0.6



0.8



1



1.2



1.4



1.6



1.8



2



2.2



2.4



2.6



2.8



3



D
eg



ra
da



tio
n 



in
 5



0%
 C



D
F



50% CDF degradation vs Fs, 2P-4x1, codebookFc=24250 MHz










0 400 800 1200 1600 2000 2400 2800 3200 3600 4000 4400 4800 5200

Frequency separation (MHz)

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

2

2.2

2.4

2.6

2.8

3

D

e

g

r

a

d

a

t

i

o

n

 

i

n

 

5

0

%

 

C

D

F

50% CDF degradation vs Fs, 2P-4x1, codebookFc=24250 MHz


image3.emf



0 400 800 1200 1600 2000 2400 2800 3200 3600 4000 4400 4800 5200 5600 6000 6400



Frequency separation (MHz)



0



0.2



0.4



0.6



0.8



1



1.2



1.4



1.6



1.8



2



2.2



2.4



2.6



2.8



3



D
eg



ra
da



tio
n 



in
 5



0%
 C



D
F



50% CDF degradation vs Fs, 2P-4x1, codebookFc=37000 MHz










0 400 80012001600200024002800320036004000440048005200560060006400

Frequency separation (MHz)

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

2

2.2

2.4

2.6

2.8

3

D

e

g

r

a

d

a

t

i

o

n

 

i

n

 

5

0

%

 

C

D

F

50% CDF degradation vs Fs, 2P-4x1, codebookFc=37000 MHz


image4.emf



0 400 800 1200 1600 2000 2400 2800 3200 3600 4000 4400 4800 5200



Frequency separation (MHz)



0



0.2



0.4



0.6



0.8



1



1.2



1.4



1.6



1.8



2



2.2



2.4



2.6



2.8



3



D
eg



ra
da



tio
n 



in
 5



0%
 C



D
F



50% CDF degradation vs Fs, 2P-2x2, codebookFc=24250 MHz










0 400 800 1200 1600 2000 2400 2800 3200 3600 4000 4400 4800 5200

Frequency separation (MHz)

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

2

2.2

2.4

2.6

2.8

3

D

e

g

r

a

d

a

t

i

o

n

 

i

n

 

5

0

%

 

C

D

F

50% CDF degradation vs Fs, 2P-2x2, codebookFc=24250 MHz


image5.emf



0 400 800 1200 1600 2000 2400 2800 3200 3600 4000 4400 4800 5200 5600 6000 6400



Frequency separation (MHz)



0



0.2



0.4



0.6



0.8



1



1.2



1.4



1.6



1.8



2



2.2



2.4



2.6



2.8



3



D
eg



ra
da



tio
n 



in
 5



0%
 C



D
F



50% CDF degradation vs Fs, 2P-2x2, codebookFc=37000 MHz










0 400 80012001600200024002800320036004000440048005200560060006400

Frequency separation (MHz)

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

2

2.2

2.4

2.6

2.8

3

D

e

g

r

a

d

a

t

i

o

n

 

i

n

 

5

0

%

 

C

D

F

50% CDF degradation vs Fs, 2P-2x2, codebookFc=37000 MHz


image1.png
Conducted power
in transmitted CCs.
Blue CC squints away from target

diecton due o separation in

hequency from reference sigaal B
Refsignal -
for BM

o \

v ~N
Difrence n
e i

T ) v

UE





