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Introduction
Considerations on CA_n5-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.

Considerations on feasibility
By the end of this SI RAN4 should be able to conclude whether the proposed NR CA combos are feasible for smartphone form factor, and if yes, which are feasible RF architectures. It is worth to discuss under which conditions an NR UL/DL CA combination can be concluded to be feasible for smartphone form factor. 
In our view, both the conducted domain and OTA domain must be feasible to call a combination feasible. Even 3GPP would be able to specify all REFSENS and all other requirements for a LB-LB-(LB) combination using certain RF architecture, but if the OTA domain using same RF architecture assumptions is not feasible due to for instance too poor antenna efficiency, then RAN4 should not conclude a combination feasible. Same thing works the other way around; if both conducted domain and OTA domain using the same RF architecture assumptions are feasible, then the combination should be concluded as feasible.
In our view, at least the following aspects together define the feasibility of an LB NR CA band combination.
-Antenna aspects (# of LB antennas, bandwidth ratio, etc)
-Conducted RF performance (MSD, etc)
-RF FE architecture (complexity, size, etc)
Observation: Antenna aspects, Conducted RF performance, and RF FE architecture together define the feasibility of an LB NR CA band combination.
One of the important parameters is antenna isolation. 10dB has been the baseline for a very long time, recognizing 3GPP specifies minimum requirements. In the analysis below we provide results for both 10dB and 20dB to illustrate the impact in case the antenna isolation in certain UE design is larger than 10dB. 
In the analysis below we calculate the antenna bandwidth ratios. Comments from as many OEM’s as possible on feasible antenna bandwidths/antenna interfaces would greatly help the discussion. Perhaps one way to tackle the feasibility aspects on antenna bandwidth would be to consider if there would be a sort of threshold value up to which a LB-LB CA could be considered feasible from antenna point of view. That is not at all a straightforward discussion but could be worth the effort.
Observation: Discussing and agreeing an antenna bandwidth threshold value for LB-LB CA could help in feasibility discussions

CA_n5-n28
The spectrum arrangement is shown below.
[image: ]
Figure 1 CA_n5-n28 frequencies
For this combination, we provide analysis and considerations for three RF architectures:
1) Triplexer solution with 2 antennas
2) Duplexer solution with 3 antennas

There are no IMD’s for this combination. Thus the MSD studies are done for Cross-band cases only.	
NR DL CA_n5A-n28A is specified in 3GPP, allowing [17.5]dB MSD for n28:
[image: ]
Notably, the UL RB allocation for the aggressor UL, n5, is different than in n5 REFSENS configuration. This is because for n5 the DL is above UL, and for n5-n28 the n28DL is below the n5 UL. 
 
	Operating band / SCS (kHz) / Channel bandwidth (MHz) / Duplex mode

	Operating Band
	SCS
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	Note 5
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	101
	Note 5
	
	
	
	
	
	
	
	
	
	
	

	n28
	15
	25
	251
	251
	251
	251
	251
	
	
	
	
	
	
	
	
	
	FDD

	
	30
	
	101
	101
	101
	101
	101
	
	
	
	
	
	
	
	
	
	

	Note 1:	UL resource blocks shall be located as close as possible to the downlink operating band but confined within the transmission bandwidth configuration for the channel bandwidth (Table 5.3.2-1).
Note 5:	For this DL channel bandwidth, the UL configuration of the highest UL channel bandwidth specified in Table 5.3.6-1 and the default Tx-Rx frequency separation specified in Table 5.4.4-1 shall be used.



In the analysis 20MHz n5 UL is centred at 834MHz with 20RB’s at lower edge and 5MHz n28 DL is centred at 800.5MHz. In this case the UL and DL are as close to each other as possible and the DL has the narrowest possible BW. 

n5-n28 Triplexer solution with 2 antennas
[image: ]
Figure 2 RF FE filter line-up using two antennas
The bandwidth ratio for Ant 1 is higher than that for some other LB’s (n28, n71), but the bandwidth ratio of Ant 2 is almost twice as large as the bandwidth ratio for any LB. 
[image: ]
Figure 3 Antenna bandwidth ratios for 2 triplexers and 2 antennas
The UL’s are purposedly transmitted from different antennas. 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. To limit the number of antennas into two, a triplexer design is used. 
Observation: Transmitting UL’s from different antennas would allow better optimization of each TRP
n28 can be implemented using split filters or using single filters. Al least three implementation options can be envisioned for the n28 TRX-n5 RX triplexer, each with associated challenges:
1) Full n28 DPX+n5 RX
2)Two switchable triplexers, n28A+n5 RX and n28B+n5 RX
3) split n28 + n5 RX triplexers with a switch to choose n28A or n28B
Option 1 would be the most straightforward option, however even the full band n28 duplexer is rather challenging alone, so combining that with n5 RX is even more challenging.
Option 2 is easy from filter implementation point of view, but the challenge is two triplexers consume more space and require an extra switch throw or an SP2T which increase IL.
Option 3 is also easy from filter implementation point of view, the challenge is if/how much the n28A/n28B switch inside the triplexer impacts IL and isolations
We note that because the MSD for DL CA_n5A-n28A with full n28 has already been specified, we should assume at least one of the options above, or some other option, should be feasible. 
[bookmark: _Hlk115288811]Observation: There are several different n28-n5 RX triplexer implementation options with different tradeoffs
The following parameter values are used in the analysis. Please note that the RF filter characteristics are estimates at this point of time and not tied to any specific option above. The PA noise is also based on estimate at this point of time.
[image: ]
Figure 4 Cross-band MSD using 2 triplexers and 2 antennas
Using estimated parameters, the REFSENS for 5MHz DL is -83.0dBm using conventional 10dB antenna isolation. Compared to 5MHz n28 REFSENS, the degradation is 15.5dB.  
[bookmark: _Hlk115188423]Observation: The worst-case CA_n5-n28 Cross-band MSD using estimated RF filter characteristics in two antenna solution is 15.5dB for 5MHz n28 CC 

n5-n28 Duplexer solution with 3 antennas
[image: ]
Figure 5 RF FE filter line-up using 3 antennas
The bandwidth ratio for Ant 1 and Ant 2 are similar compared other to some other LB’s, but the bandwidth ratio of Ant 3 is ~25% larger than that for any other LB’s.
[image: ]
Figure 6 Antenna bandwidth ratios for 3 antennas

The following parameter values are used in the analysis. Please note that the RF filter characteristics are estimates at this point of time and not tied to any specific option above. The PA noise is also based on estimate at this point of time.
[image: ]
Figure 7 Cross-band MSD using 3 antennas
Using estimated parameters, the REFSENS for 5MHz DL is -84.7dBm using conventional 10dB antenna isolation. Compared to 5MHz n5 REFSENS, the degradation is 13.8dB.  
Observation: The worst-case CA_n5-n28 Cross-band MSD using estimated RF filter characteristics in three antenna solution is 13.8dB for 5MHz n28 CC 


Conclusion
Considerations on general feasibility of a CA combination was provided with the following observation.
Observation: Antenna aspects, Conducted RF performance, and RF FE architecture together define the feasibility of an LB NR CA band combination.
Observation: Discussing and agreeing an antenna bandwidth threshold value for LB-LB CA could help in feasibility discussions
Observation: Transmitting UL’s from different antennas would allow better optimization of each TRP
MSD analysis using coarse component assumptions was conducted for two different RF FE filter lineups.
Observation: There are several different n28-n5 RX triplexer implementation options with different tradeoffs
Observation: The worst-case CA_n5-n28 Cross-band MSD using estimated RF filter characteristics in two antenna solution is 15.5dB for 5MHz n28 CC
Observation: The worst-case CA_n5-n28 Cross-band MSD using estimated RF filter characteristics in three antenna solution is 13.8dB for 5MHz n28 CC 
Observation: In case smartphone design allows >10dB antenna isolation between LB’s, MRC MSD is significantly improved

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

Ant 1 758 894 16.5

Ant 2 703 894 23.9
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Parameter Value Unit

Output power (n5) 23 dBm

n5 PA TX noise at n28 RX -105 dBm/Hz

n5 TPX RX Iso at n28 RX 45 dB

n5 TPX rejection at n28 RX 40 dB

n5 TPX TX Iso n28 RX 45 dB

n28 RX  rejection at n5 TX 40 dB

RX IP2 54 dB

RFFE loss 5 dB

n28 Thermal noise -94.5 dBm

TX HD  -63.8 dBc

BW  5 MHz

Antenna isolation between antennas 10/20 dBm

10dB Antenna isolation Ant1 Ant2

TX_IM2 -89.0 -109.0

Tx_HD -75.8 -85.8

Tx_noise -78.2 -88.2

TX_total -73.7 -83.8

Thermal -94.5 -94.5

Composite -73.7 -83.5

MRC REFSENS

20dB Antenna isolation Ant1 Ant2

TX_IM2 -89.0 -129.0

Tx_HD -75.8 -95.8

Tx_noise -78.2 -98.2

TX_total -73.7 -93.8

Thermal -94.5 -94.5

Composite -73.7 -91.1

MRC REFSENS

-83.0

-91.5
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F_low H_high BW Ratio

Ant 1 824 894 8.1

Ant 2 703 803 13.3

Ant 3 758 894 16.5
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Parameter Value Unit

Output power (n5) 23 dBm

n5 PA TX noise at n28 RX -105 dBm/Hz

n5 DPX rejection at n28 RX 40 dB

n28 RX  rejection at n5 TX 40 dB

RX IP2 54 dB

RFFE loss 5 dB

n28 Thermal noise -94.5 dBm

TX HD  -63.8 dBc

BW  5 MHz

Antenna isolation between antennas 10/20 dBm

10dB Antenna isolation Ant2 Ant3

TX_IM2 -109.0 -109.0

Tx_HD -85.8 -85.8

Tx_noise -88.2 -88.2

TX_total -83.8 -83.8

Thermal -94.5 -94.5

Composite -83.5 -83.5

MRC REFSENS

20dB Antenna isolation Ant2 Ant3

TX_IM2 -129.0 -129.0

Tx_HD -95.8 -95.8

Tx_noise -98.2 -98.2

TX_total -93.8 -93.8

Thermal -94.5 -94.5

Composite -91.1 -91.1

MRC REFSENS

-84.7

-93.3
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