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Introduction
Analysis and proposals 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.

WF from RAN4#104bis-e
Issue 3-1: Whether the requirements for 1UL CA_n5-n28 can be reused for 2UL CA_n5-n28
 Agreements: Revisit the 2UL cross band MSD compared with 1UL CA in next meeting.

Issue 3-2: Whether both 2 antenna and 3 antenna should be allowed for the requirement analysis
Agreement:
· Both 2 and 3 antenna architectures will be analysed in the study item
· It will be decided in WI phase which one of two UE architectures will be used to specify the requirements.

Issue 3-3: RF parameters for requirements analysis
Agreements: Companies are encouraged to provide the RF parameters when the feasibility study is conducted.
Issue 3-4: Other observations and proposals 
Agreements: Companies are encouraged to provide the MSD analysis for CA_n5-n28 considering the already specified 1UL CA_n5-n28 and DC_28-n5.
- Architecture assumption and multiplexer isolation performance needs to be clarified
1.1. 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
 Analysis
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
	5
	10
	15
	20
	25
	30
	35
	40
	45
	50
	60
	70
	80
	90
	100
	Duplex Mode

	n5
	15
	25
	251
	201
	201
	Note 5
	
	
	
	
	
	
	
	
	
	
	FDD

	
	30
	
	121
	101
	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
Antenna analysis:
The bandwidth ratio for Ant 1 is higher than that for some other Low Band that have high bandwidth ratio and the bandwidth ratio of Ant 2 is almost twice as large as the bandwidth ratio for any LB which may mean degraded OTA performance. 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. 
[image: ]
Figure 3 Antenna bandwidth ratios for 2 triplexers and 2 antennas
n28 can be implemented using split filters or using single filters. At 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 may be easier than option 1 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 and duplicate n5 RX
Option 3 may be easier than option 1 from filter implementation point of view, the challenge is if/how much the n28A/n28B switch inside the triplexer impacts IL and isolations
n5 TRX-n28 RX triplexer is not straightforward either as n28 RX and n 5 RX are at the opposite side of n5 TX. Specifically, the achievable cross-band RX isolation impacts the MSD specification really a lot.
Based on quick assessment, supporting the upper part of n28 (n28B) in CA_n5-n28 would need further studies. CA_n5-n28 with only lower 30MHz of n28 is much less challenging from RF filtering.
Observation 1: There are different n28-n5 triplexer implementation options with different tradeoffs
We would like to further study the feasibility of CA_n5-n28 when the upper 30MHz of n28 is supported. The current MSD requirement, which is max [17.5]dB assumes 45dB Cross-band RX isolation.  
Proposal 3: Before agreeing Cross-band MSD/Removing [] from current specification, further study the triplexer feasibility for CA_n5-n28 when upper part of n28 is supported
The following parameter values are used in the analysis. They are based on assumptions estimated performance. There is significant amount of uncertainty with respect to n5 TPX RX isolation at the upper end of n28 RX, pending further studies.
[image: ]
Figure 4 Cross-band MSD using 2 triplexers and 2 antennas
Observation 2: The worst-case CA_n5-n28 Cross-band MSD using estimated RF filter characteristics in two antenna solution is 17.4dB for 5MHz n28 CC. This is pending further studies on triplexer characteristics, especially achievable Cross-band RX isolation

n5-n28 Duplexer solution with 3 antennas
[image: ]
Figure 5 RF FE filter line-up using 3 antennas
Antenna analysis:
The bandwidth ratio for Ant 1 and Ant 2 are similar compared other to some other Low Bands, and the bandwidth ratio of Ant 3 larger than that for any other Low Band.
[image: ]
Figure 6 Antenna bandwidth ratios for 3 antennas
MSD analysis:
The following parameter values are used in the analysis. They are based on assumptions estimated performance. Note that n5 DPX rejection at n28 RX is a bit modest as n5 DPX may not be designed to attenuate n28 RX a lot.
[image: ]
Figure 7 Cross-band MSD using 3 antennas
[bookmark: _Hlk118296661]Observation 3: The worst-case CA_n5-n28 Cross-band MSD using estimated RF filter characteristics in three antenna solution is 18.6dB for 5MHz n28 CC
MSD for 2 UL Case
Due to the close proximity of the bands the case of 2 UL MSD should be assessed as well even though there is no IMD relation between the bands. If there is no 2 UL MSD testpoint specified, the 0dB MSD is assumed to hold for 2UL CA.
The situation is quite peculiar. In for DL CA MSD cases and UL CA MSD cases, 3GPP has used the worst case, i.e. has specified test point with largest MSD. With 1UL Case the worst case is obviously 20MHz n5 aggressor with 5MHz n28 victim. 
The main difference between 1 UL cross-band MSD and 2 UL cross-band MSD in case of no IMD is that the power per aggressor band is scaled down by 3dB. Scaling the power down by 3dB has a max few dB impact to 1 UL cross-band MSD. Looking at 1UL cross-band MSD requirements for CA_n5-n28, the MSD for 5MHz n28 is [17.5]dB and the MSD for 30MHz n28 is [2.9]dB. It seems obvious that the 5MHz n28 remains the worst-case test point even in 2UL cross-band MSD 
Observation 4: Current Cross-band MSD specification approach does not cover UL CA cases which do not have IMD MSD specified
RAN4 needs to discuss how to deal with cases where there is 1UL Cross-band MSD specified and no IMD MSD. This is important because as discussed above if RAN4 omits the issue then in UL CA REFSENS 0dB holds unless there is a test-point specified with non-zero MSD.
If RAN4 decides to specify a test point, our initial view is to use the same MSD value and test frequencies for both 1UL Cross-band MSD and 2UL Cross-band MSD.
Proposal 4: RAN4 must discuss how the 2UL Cross-band MSD is dealt with in case of no IMD
 


Conclusion
Considerations on general feasibility of a CA combination was provided with the following observation.
Observation 1: There are different n28-n5 triplexer implementation options with different tradeoffs
Observation 2: The worst-case CA_n5-n28 Cross-band MSD using estimated RF filter characteristics in two antenna solution is 17.4dB for 5MHz n28 CC. This is pending further studies on triplexer characteristics, especially achievable Cross-band RX isolation
Observation 3: The worst-case CA_n5-n28 Cross-band MSD using estimated RF filter characteristics in three antenna solution is 18.6dB for 5MHz n28 CC
Observation 4: Current Cross-band MSD specification approach does not cover UL CA cases which do not have IMD MSD specified
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
Proposal 3: Before agreeing Cross-band MSD/Removing [] from current specification, further study the triplexer feasibility for CA_n5-n28 when upper part of n28 is supported
Proposal 4: RAN4 must discuss how the 2UL Cross-band MSD is dealt with in case of no IMD
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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) 23dBm

Combined transceiver+ PA noise at PA out at n28 RX -98.7dBm/Hz

n5 TPX RX Iso at n28 RX 45dB

n5 TPX TX Iso at n28 RX 45dB

n28 RX  rejection at n5 TX 40dB

RX IP2 54dB

RFFE loss 5dB

n28 Thermal noise -94.5dBm/Hz

BW  5MHz

Antenna isolation between antennas 10dBm

10dB Antenna isolation Ant1 Ant2

TX_IM2 -89.0

Combined Transceiver+PA noise -71.9

TX_total -71.9 -81.9

Thermal -94.5 -94.5

Composite -71.8 -81.6

MRC REFSENS -81.1
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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) 23dBm

Combined transceiver+ PA noise at PA out at n28 RX -98.7dBm/Hz

n5 DPX rejection at n28 RX 35dB

n28 RX  rejection at n5 TX 40dB

RX IP2 54dB

RFFE loss 5dB

RFFE loss between RF filter and antenna 2dB

n28 Thermal noise -94.5dBm/Hz

BW  5MHz

Antenna isolation between antennas 10dBm

10dB Antenna isolation Ant2 Ant3

TX_IM2 -119.0 -119.0

Combined Transceiver+ PA noise -78.9 -78.9

TX_total -78.9 -78.9

Thermal -94.5 -94.5

Composite -78.8 -78.8

MRC REFSENS -79.9
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