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Introduction
Analysis and proposals on CA_n8-n20-n28 are provided in this contribution.
Discussion
The objectives of SI [1] are as follows:
· Investigate the feasibility and solutions to enable simultaneous transmission on two UL bands and simultaneous reception on two or three bands for the band combination of 700, 800 and 900MHz spectrum for smart phone form factor
· The following band combinations will be considered. And the feasibility study on three band combination will start after the completion of feasibility study of all the fallback band combinations.
· CA_n8-n20-n28 with uplink configurations of CA_n8-n20, CA_n8-n28, CA_n20-n28, and the fallback modes 
· CA_n5-n8 with uplink configuration of CA_n5-n8, and the fallback modes
Note1: Spectrum restrictions should be studied to solve overlap of band n5 downlink and band n8 uplink
Note2: The current filter is used as the baseline. Further study whether or not to have new solutions.
· CA_n5-n28 (full range) with uplink configuration of CA_n5-n28.

Summary of band combinations considered in the SI
	Configuration
	Uplink configuration
	Supported operators

	CA_n8-n20-n28
	CA_n8-n20, CA_n8-n28, CA_n20-n28
	Vodafone, Telecom Italia, Orange, Deutsche Telekom

	CA_n5-n8
	CA_n5-n8
	China Telecom, Spark NZ, China Unicom

	CA_n5-n28
	CA_n5-n28
	Spark NZ



· The following aspects need be studied
· UE architecture including n-plexing, PA
· Study feasibility of low band wideband antenna
· Performance due to impacts including inter-modulation products
· Method to manage the inter-modulation product impacts
Note: Revisit in RAN#98 whether additional aspects need to be added.

· Power class 3 (PC3) is considered in this study
· Identify potential impacts to relevant RAN4 requirements.

1.1. WF from RAN4#104bis-e
· antenna UE architecture as the baseline for evaluation.
· Do not preclude 2 and 4 antennas in the study item
Way forward:
· Assuming it is the worst case, analysis is prioritized for 3 antenna architecture based on: 
· n28UL/n20+n28DL/n20UL triplexer on antenna 1
· n8UL/n8DL duplexer on antenna 2
· n20+n28DL/n8DL duplexer on antenna 3
· For comparison purpose, analysis of alternate two or three antenna solutions are not precluded, and if a worse case is found it can be discussed whether it should be used for the MSD feasibility.
· 10db antenna isolation is used for MSD calculations
· The normal Tx/Rx 50dB isolation is used between UL and DL of the same FDD bands for duplexer/triplexer/quadplexer. If higher insertion loss is needed to meet the 50dB it can be accounted in DeltaT/R
· For different FDD bands within triplexer/quadplexer companies are encouraged to provide feasible isolation between ULs and DLs
· For diversity path, the DL filter provide at least 40dB of Rejection of the UL of the same band and companies are encouraged to provide feasible rejection for UL of other bands.
Companies are encouraged to provide input on the feasibility of such values
Way forward on IMD3 of CA_n20-n8 UL in n28 DL:
· 5MHz n8 UL at 887.5MHz with 25RB0
· 5MHz n20 UL at 834.5MHz with 25RB0
· 5MHz n28 DL at 781.5MHz
· IMD3 MSD is evaluated by calculation, simulation, or measurement

Way forward on	IMD3 of CA_n20-n28 UL in n8 DL:
· 5MHz n20 UL at 834.5MHz with 25RB0
· 5MHz n20 UL at 715.5MHz with 25RB0
· 5MHz n8 DL at 952.5MHz
· IMD3 MSD is evaluated by calculation, simulation, or measurement
1.2. General considerations
In our view the RF requirements should be made to allow any feasible RF architecture to be used, i.e. MSD, ΔTIB, and  ΔRIB according to the worst case.
Proposal 1: The RF requirements shall be made to allow any feasible RF architecture to be used, i.e. MSD, ΔTIB, and  ΔRIB according to the worst case
One of the key aspects in LB-LB CA feasibility in smartphone form factor is antenna efficiency which in other terms translates to TRP/TRS. To make the most of feasibility study, each RF reference architecture included in the TR should have a brief evaluation of expected antenna characteristics.
Proposal 2: Each RF reference architecture included in the TR must have a brief evaluation of expected antenna characteristics

CA_n8-n20-n28
[bookmark: _Hlk110948894]The frequency domain illustration of this combination is shown below. Please note that n28 is shown both as per band as well as per split-bands. Green color depicts UL, and red color depicts DL for each of the bands.
[image: ]
Figure 1 CA_n8-n20-n28 frequencies

We used the following coarse assumptions for any relevant component (PA, LNA, Switch, Quadplexer, Triplexer, Duplexer, RX diplexer). Please note that the parameter assumptions and hence the analysis results are initial. In many cases the worst-case assumption (e.g. PCB/RF filter isolations, PA IIP3, etc) may lead to pessimistic MSD estimate. On the other hand there is quite a bit uncertainty given some of the characteristics are just based on estimates. 
[image: ]
Figure 2 RF parameter assumptions

n8-n20-n28 2-antenna
The following 2-antenna architecture was chosen for 2-antenna analysis
[image: ]
Figure 3 RF FE filter line-up for 2 antennas
Antenna analysis:
The bandwidth ratios for both antennas are high, except for case n20-n28 where they are just a bit higher than bandwidth ratios for some high bandwidth ratio Low Bands. The UL’s are purposedly transmitted from different antennas. This requires duplication of n20 TX filter, but this way both antennas can be tuned to optimize single UL and hence the TRP’s of the UL’s, possibly leading to better radiated performance. 
[image: ]
Figure 4 Antenna bandwidth ratios for 2 antennas

Using the assumptions in Figure 2 and RF filter lineup as above, we get the following IMD3 MSD’s for the DL only band. 
[image: ]
Figure 5 IMD3 MSD analysis for DL only band with 2 antennas

[bookmark: _Hlk114744546]n8-n20-n28 3-antenna
First, the baseline architecture agreed in WF is analyzed.
[image: ]
Figure 6 Baseline RF FE filter line-up for 3 antennas
Antenna analysis:
The bandwidth ratios for n8-n20 and n8-28 are similar to any Low Band for the UL antennas, but the case n20-n28 has very high bandwidth ratio. This is especially challenging for UL CA_n20-n28 because with both UL’s are transmitted from same antenna, as achieving good TRP for both n20 and n28 UL from same antenna concurrently is a real challenge.
[image: ]
Figure 7 Antenna bandwidth ratios for 3 antennas, baseline
MSD analysis:
Using the assumptions in Figure 2 and RF filter lineup as above, we get the following IMD3 MSD’s for the DL only band. 
[image: ]
Figure 8 IMD3 MSD for DL only band with 3 antennas, baseline
Another RF architecture is further developed from the baseline, allowing UL’s to be always transmitted from different antennas.

[image: ]
Figure 9 Alternative RF FE filter line-up for 3 antennas
Antenna analysis:

The bandwidth ratios are comparable to baseline architecture above, but clear benefit is that UL’s are always transmitted from different antennas, making it easier to optimize the TRP of both UL’s. This requires duplication of n20 TX/RX.
[image: ]
Figure 10 Antenna bandwidth ratios for 3 antennas, alternative

MSD analysis:
Using the assumptions in Figure 2 and RF filter lineup as above, we get the following IMD3 MSD’s for the DL only band. 
[image: ]
Figure 11 IMD3 MSD for DL only band with 3 antennas, alternative

n8-n20-n28 4-antenna
[image: ]
Figure 12 RF FE filter line-up for 4 antennas
This case is analyzed merely for completeness. 3 LB antennas for smartphone is a new discussion in RAN4, so going up to 4 LB antennas is a big stretch. 3GPP has not and is not precluding any implementation as long as it meets 3GPP minimum requirements, but still in our view 4 LB antennas should not be used as a baseline for smartphones.
Antenna analysis:
The bandwidth ratios are in this case naturally comparable to any other Low Bands except for Ant4 which bandwidth ratio is high for other cases than n20-n28
[image: ]
Figure 13 Antenna bandwidth ratios for 4 antennas
Using the assumptions in Figure 2 and RF filter lineup as above, we get the following IMD3 MSD’s for the DL only band. 
[image: ]
Figure 14 IMD3 MSD for DL only band with 4 antennas

Conclusion
Considerations on general feasibility of a CA combination was provided with the proposals and Overview of DL-Only band IMD3 MSD
Proposal 1: The RF requirements shall be made to allow any feasible RF architecture to be used, i.e. MSD, ΔTIB, and  ΔRIB according to the worst case
Proposal 2: Each RF reference architecture included in the TR must have a brief evaluation of expected antenna characteristics
Overview of DL-only band MSD estimates:
[image: ]

Reference
[1] [bookmark: _Hlk859252]RP-221464, “Revised WID: Study on enhancement for 700/800/900MHz band combinations for NR”, CATT 

1

2

image3.emf
n28 TXn20 RX+n28 RXn20 TX n8 RX

n8 TX n8 RX n20 RX+n28RX n20 TX

Ant 1 Ant 2


image4.emf
n8-n20 F_low H_high BW Ratio

Ant 1 791 960 19.3

Ant 2 791 960 19.3

n20-n28 F_low H_high BW Ratio

Ant 1 703 821 15.5

Ant 2 758 862 12.8

n8-n28 F_low H_high BW Ratio

Ant 1 703 960 30.9

Ant 2 758 960 23.5

n8-n20-n28 F_low H_high BW Ratio

Ant 1 703 960 30.9

Ant 2 758 960 23.5


image5.emf
n8 n20 n28

n8-n20 - - 29

n8-n28 - - -

n20-n28 27.5 - -

UL CA

Victim


image6.emf
n28 TXn20 RX+n28 RXn20 TX n8 TX n8 RX n8 RX n20 RX+n28 RX

Ant 1 Ant 2 Ant 3


image7.emf
n8-n20 F_low H_high BW Ratio

Ant 1 791 862 8.6

Ant 2 880 960 8.7

Ant 3 791 960 19.3

n20-n28 F_low H_high BW Ratio

Ant 1 703 862 20.3

Ant 2 N/A N/A N/A

Ant 3 758 821 8.0

n8-n28 F_low H_high BW Ratio

Ant 1 703 788 11.4

Ant 2 880 960 8.7

Ant 3 758 960 23.5

n8-n20-n28 F_low H_high BW Ratio

Ant 1 703 862 20.3

Ant 2 880 960 8.7

Ant 3 758 960 23.5


image8.emf
n8 n20 n28

n8-n20 - - 27.7

n8-n28 - - -

n20-n28 25.8 - -

UL CA

Victim


image9.emf
n28 TXn20 RX+n28 RXn20 TX n8 TX n8 RX n8 RX n20 RX+n28 RX n20 RX n20 TX

Ant 1 Ant 2 Ant 3


image10.emf
n8-n20 F_low H_high BW Ratio

Ant 1 791 862 8.6

Ant 2 880 960 8.7

Ant 3 791 960 19.3

n20-n28 F_low H_high BW Ratio

Ant 1 703 821 15.5

Ant 2 791 862 8.6

Ant 3 758 821 8.0

n8-n28 F_low H_high BW Ratio

Ant 1 703 788 11.4

Ant 2 880 960 8.7

Ant 3 758 960 23.5

n8-n20-n28 F_low H_high BW Ratio

Ant 1 703 862 20.3

Ant 2 791 960 19.3

Ant 3 758 960 23.5


image11.emf
n8 n20 n28

n8-n20 - - 27.7

n8-n28 - - -

n20-n28 26.2 - -

UL CA

Victim


image12.emf
n8 TX n8 RX n28 TX n28 RX n20 RX n20 TX n8 RX n20 RX+n28 RX

Ant 1 Ant 2 Ant 3

Ant 4


image13.emf
n8-n20 F_low H_high BW Ratio

Ant 1 880 960 8.7

Ant 2 791 862 8.6

Ant 3 N/A N/A N/A

Ant 4 791 960 19.3

n20-n28 F_low H_high BW Ratio

Ant 1 N/A N/A N/A

Ant 2 791 862 8.6

Ant 3 703 788 11.4

Ant 4 758 821 8.0

n8-n28 F_low H_high BW Ratio

Ant 1 880 960 8.7

Ant 2 N/A N/A N/A

Ant 3 703 788 11.4

Ant 4 758 960 23.5

n8-n20-n28 F_low H_high BW Ratio

Ant 1 880 960 8.7

Ant 2 791 862 8.6

Ant 3 703 788 11.4

Ant 4 758 960 23.5


image14.emf
n8 n20 n28

n8-n20 - - 22.9

n8-n28 - - -

n20-n28 21.4 - -

UL CA

Victim


image15.emf
2-antenna 3-antenna baseline 4-antenna

n8 n20 n28 n8 n20 n28 n8 n20 n28

n8-n20 - - 29 n8-n20 - - 27.7 n8-n20 - - 22.9

n8-n28 - - - n8-n28 - - - n8-n28 - - -

n20-n28 27.5 - - n20-n28 25.8 - - n20-n28 21.4 - -

3-antenna alternative

n8 n20 n28

n8-n20 - - 27.7

n8-n28 - - -

n20-n28 26.2 - -

UL CA

Victim

UL CA

Victim

UL CA

Victim

UL CA

Victim


image1.png
) EEET %0

EIEs

3





image2.emf
Parameter

Value (dBm/dB)

Output power per UL CA band 20

TX Isolation 50

RX Isolation 50

TX Cross-band Isolation 50

RX Cross-band Isolation 50

RX Rejection at TX band 45

TX Rejection at RX band 40

TX Rejection at TX band 40

LNA IIP3 -5

RF filter TX/RX IL 3

IL between RF filter and Antenna 2

PA FW IIP3 30

PA RW IIP3 28

PA gain 28

Antenna Switch IIP3 65

Filter IIP3 65

PA out-PA in isolation

60

PA out -LNA in isolation

60

PA out -PA out isolation

60

BW for all bands

5

Antenna Isolation

10



 


1


 


3GPP TSG


-


RAN WG4 


#


10


5


 


R4


-


2


2


19874


 


Novem


ber


 


1


4


t


h


 


-


 


1


8


th


, 202


2


 


Tou


louse, 


France


 


 


Agenda item:


 


8


.2


.


4


 


Source: 


 


Qualcomm Incorporated


 


Title:


 


 


Considerations on 


CA_n


8


-


n20


-


n


2


8


 


Document for:


 


Approval


 


1.


 


Introduction


 


Analysis and proposals


 


on CA_n


8


-


n20


-


n


2


8 are 


provided in this contribution


.


 


2.


 


Discussion


 


The objectives of SI 


[1] 


are as follows:


 


n


 


Investigate the feasibility and solutions to enable simultaneous transmission on two UL bands and simultaneous 


reception on two or three bands for the band 


combination of 700, 800 and 900MHz spectrum for smart phone form 


factor


 


·


 


The following band combinations will be considered. And the 


feasibility study


 


on three band combination 


will start after the completion of feasibility study of all the fallback band co


mbinations.


 


–


 


CA_n8


-


n20


-


n28 with uplink configurations of CA_n8


-


n20, CA_n8


-


n28, CA_n20


-


n28, and the fallback 


modes


 


 


–


 


CA_n5


-


n8 with uplink configuration of CA_n5


-


n8, and the fallback modes


 


Note1: 


Spectrum restrictions should be studied to solve overlap of band


 


n5 downlink and band n8 uplink


 


Note


2: T


he current


 


filter is used as the baseline. 


F


urther study 


whether


 


or not to have new solutions.


 


–


 


CA_n5


-


n28 (full range) with uplink configuration of CA_n5


-


n28.


 


 


Summary of band combinations considered in the SI


 


Configuration


 


Uplink configuration


 


Supported operators


 


CA_n8


-


n20


-


n28


 


CA_n8


-


n20, CA_n8


-


n28, CA_n20


-


n28


 


Vodafone, Telecom Italia, Orange


, 


Deutsche Telekom


 


CA_n5


-


n8


 


CA_n5


-


n8


 


China Telecom, Spark NZ


, China Unicom


 


CA_n5


-


n28


 


CA_n5


-


n28


 


Spark NZ


 


 


·


 


The 


following aspects need be studied


 


–


 


UE architecture including n


-


plexing, PA


 


–


 


Study feasibility of low band wideband antenna


 


–


 


Performance due to impacts including inter


-


modulation products


 


–


 


Method to manage the inter


-


modulation product impacts


 


Note: 


Revisit in RAN#98 whether additional aspects need to be added.


 


 


·


 


Power class 3 (PC3) is considered in this study


 


n


 


Identify


 


potential impacts to relevant


 


RAN4 requirements


.


 


 


2.1.


 


WF from RAN4#104bis


-


e


 


n


 


antenna UE architecture as the baseline for evaluation.


 


n


 


Do 


not preclude 2 and 4 antennas in the study item


 


Way forward


:


 


n


 


Assuming it is the worst case, analysis is prioritized for 3 antenna architecture based on: 


 




 

1 

3GPP TSG - RAN WG4  # 10 5   R4 - 2 2 19874   Novem ber   1 4 t h   -   1 8 th , 202 2   Tou louse,  France     Agenda item:   8 .2 . 4   Source:    Qualcomm Incorporated   Title:     Considerations on  CA_n 8 - n20 - n 2 8   Document for:   Approval   1.   Introduction   Analysis and proposals   on CA_n 8 - n20 - n 2 8 are  provided in this contribution .   2.   Discussion   The objectives of SI  [1]  are as follows:      Investigate the feasibility and solutions to enable simultaneous transmission on two UL bands and simultaneous  reception on two or three bands for the band  combination of 700, 800 and 900MHz spectrum for smart phone form  factor      The following band combinations will be considered. And the  feasibility study   on three band combination  will start after the completion of feasibility study of all the fallback band co mbinations.   –   CA_n8 - n20 - n28 with uplink configurations of CA_n8 - n20, CA_n8 - n28, CA_n20 - n28, and the fallback  modes     –   CA_n5 - n8 with uplink configuration of CA_n5 - n8, and the fallback modes   Note1:  Spectrum restrictions should be studied to solve overlap of band   n5 downlink and band n8 uplink   Note 2: T he current   filter is used as the baseline.  F urther study  whether   or not to have new solutions.   –   CA_n5 - n28 (full range) with uplink configuration of CA_n5 - n28.     Summary of band combinations considered in the SI  

Configuration  Uplink configuration  Supported operators  

CA_n8 - n20 - n28  CA_n8 - n20, CA_n8 - n28, CA_n20 - n28  Vodafone, Telecom Italia, Orange ,  Deutsche Telekom  

CA_n5 - n8  CA_n5 - n8  China Telecom, Spark NZ , China Unicom  

CA_n5 - n28  CA_n5 - n28  Spark NZ  

     The  following aspects need be studied   –   UE architecture including n - plexing, PA   –   Study feasibility of low band wideband antenna   –   Performance due to impacts including inter - modulation products   –   Method to manage the inter - modulation product impacts   Note:  Revisit in RAN#98 whether additional aspects need to be added.        Power class 3 (PC3) is considered in this study      Identify   potential impacts to relevant   RAN4 requirements .     2.1.   WF from RAN4#104bis - e      antenna UE architecture as the baseline for evaluation.      Do  not preclude 2 and 4 antennas in the study item   Way forward :      Assuming it is the worst case, analysis is prioritized for 3 antenna architecture based on:   

