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Introduction
[bookmark: _Hlk115189237]In R4#105, the CA_n5-n28 RF front-end architecture and the two UL cross band MSD issues were discussed and a way forward [1] was agreed upon for baseline architecture for MSD evaluation. In this contribution we provide our feasibility assessment on different architectures and evaluate the n28 DL de-sense due to the combined interference of band n28 and n5 ULs.
Discussion
Agreed assumptions and analysis
The way forward [1] first provided agreements on architecture and components performance assumptions.

A couple of two-antenna architecture to be studied:
· Main antenna with band n5/n28 quad-plexer + Diversity band n5/n28 duplexer (a)
· Band n28 UL antenna with triplexer + band n5 antenna with triplexer (b)
· The support of split filter band n28 support should be assessed
· In both cases the delta R/TIB needs to be assessed.

A three-antenna architecture to be studied:
· Band n28 duplexer UL antenna + Band n5 duplexer UL antenna + Band n5/n28 duplexer diversity antenna
· The support of split filter band n28 support should be considered
· In this case the delta R/TIB is zero.

2UL cross band interference to n28 DL should be assessed with:
· 20MHz n5 UL
· Band n28 UL/DL BW to be assessed for worst case.
Two antenna case
In any case, the two-antenna architectures are the worst case for Delta T/RIB and MSD and should be the baseline for the specification in the WI phase.
For the support of split band n28 filters, the two-antenna cases are impacted in a slightly different way:
· Quad+duplexer (a) only requires split filters on the side where there is the n28 UL as the diversity side can further benefit from the diversity antenna isolation: a dual-Quad on main + duplexer on diversity can work
· Dual triplexer (b) only requires split filters on the side where there is the n28 UL as the diversity side can further benefit from the diversity antenna isolation: dual triplexer + triplexer approach can work.

Overall, the difference to support split filters for n28 is small between the two architectures, but will result in significant RF front-end overhead. Longer term, a full band n28UL/DL + n5DL triplexer + a full band n28DL + n5UL/DL triplexer seems a smaller step than a full band n28+n5 quadplexer.

Observation: n28 split filter support has similar impact to both two-antenna architecture cases (a and b) and result, in significant RF front-end architecture. In the longer term, the dual triplexer (b) is an easier step to full band n28 support.

It should also be noted that most architectures for CA_n5-n28 are difficult to associate with CA_n20-n28 or CA_n8-n20-n28 support. Therefore, in this case, it may be safer to target a three-antenna architecture.

Proposal 1: During WI phase, the specified MSD and Delta T/RIB should use the two-antenna architecture as a baseline with both quadplexer + duplexer (a) and dual triplexer (b) approaches.
Three antenna case
The three-antenna case is an easy step to use legacy RF front-end components provided that three antennas can be fitted in the UE with good radiated performance for 2UL and 1 DL antennas. As such, it can be a first step for implementation but in order to cover all UE cases, it cannot be considered as baseline.

Support of split band n28 filters is also facilitated as it only requires a dual duplexer on the band n28 UL antenna.

Regarding MSD, there may be some benefit with the additional antenna isolation. However, the legacy n28 and n5 duplexers may not provide significant rejection in the other band DL; thus, the net result may not be significantly different from the two-antenna case with quad-plexer or triplexers designed with CA_n5-n28 as target. However, it does provide benefit in terms of Delta T/RIB.

Observation: While the three-antenna architecture offers an easier RF front-end implementation, other than improved Delta T/RIB, it does not provide significant benefit for MSDs.
Delta TIB and Delta RIB values for two-antenna case
If it was agreed that delta T/RIB are zero for the three-antenna case, it cannot be zero for the two-antenna case that we consider as baseline as it needs to enable additional losses for the quad-plexer or tri-plexers. Table 1 provides the Delta T/RIB for current LB-LB combinations which include either band 28 or band 5. In yellow highlight, the similar DC_28_n5 combinations.
Table 1: ΔTIB,c/ ΔRIB,c for 2 band cases with 2 bands in the same band cluster
	Configuration
	Component band in order of bands in configuration

	
	ΔTIB,c
	ΔRIB,c

	DC_5_n12/ CA_n5-n12
	0.8
	0.4
	0.5
	0.3

	DC_8_n28/ CA_n8-n28
	0.6
	0.5
	0.2
	0.1

	DC_12_n5
	0.4
	0.8
	0.3
	0.5

	DC_20_n28/ CA_n20-n28
	0.5
	0.5
	
	

	DC_28_n5
	0.5
	0.5
	
	

	DC_28_n8
	0.5
	0.6
	0.1
	0.2

	DC_28_n20
	0.5
	0.5
	
	

	CA_n28-n71
	1.1
	1.1
	0.7
	0.7



Observation: 
· The Delta TIB values for DC_28_n5 are not zero
· Many other LB-LB cases have non-zero delta RIB to account for n-plexing loading losses.
· Many LB-LB cases have assumed FWA or specific architectures.

Given the above observations, we suggest to reusing the DC_28_n5 values with an additional 0.2dB to all to enable the two-antenna n-plexers in the future and including the support of full band n28

Proposal 2: CA_n5-n28 ΔTIB,c/ ΔRIB,c are as proposed in Table 2 and enable a two-antenna architecture in the long-term.
Table 2: ΔTIB,c/ ΔRIB,c for CA_n5-n28
	Configuration
	Component band in order of bands in configuration

	
	ΔTIB,c
	ΔRIB,c

	CA_n5-n28
	0.7
	0.7
	0.2
	0.2


Dual cross band MSD assessment
In order to assess whether the concurrent interference from the band n28 and n5 ULs to the band n28 DL should be specified (new type of 2UL cross band MSD), we have conducted measurements of the following transmitter noises:
· 23dBm n28UL noise in the n28 DL for 15, 20, 25 and 30MHz DL bandwidth where for the 3 highest CBW, the band n28 REFSENS includes de-sense due to the transmitter noise.
· 20dBm n28UL noise in the same conditions for a 2UL equivalent
· 23dBm n5UL noise in 5MHz n28 DL (1UL CA_n5-n28 with n5 UL test point with 17.5dB MSD) and in 15, 20, 25 and 30MHz n28 DL bandwidths at the top of band 28.
· 20dBm n5UL noise in the same conditions for a 2UL equivalent
· In all of these cases the UL allocation reuses the REFSENS UL configuration with the allocation closest to the DL channel.
The measured values and calculations are collected in Table 3 arranged in columns per the DL n28 channel bandwidth (CBW):
· The 5MHz column is mostly there to recheck the no TX de-sense case and the n5 1UL MSD
· The 15-20MHz columns is where it is expected that the concurrent n28 and n5 UL will result in de-sense.
Then the rows cover the following aspects:
· Row 1: the measured n28 UL transmitter noise at 23dBm representative of the n28 REFSENS configuration
· Row 2: A reminder of the de-sense due to Tx noise for the n28 REFSENS values in 39.101-1 where only 20, 25 and 30MHz CBW sees some de-sense due to Tx noise (highlighted in red).
· Row 3: the measured n28 UL transmitter noise at 20dBm representative of the n28 UL interference in the CA_n5-n28 2UL configuration
· Row 4: the measured n5 UL transmitter noise at 23dBm representative of the n5 UL interference in the CA_n5-n28 1UL configuration (red highlight)
· Note that the measured values for higher CBW are always higher than the n28 self de-sense
· Row 5: the measured n5 UL transmitter noise at 20dBm representative of the n5 UL interference in the CA_n5-n28 2UL configuration,
· Note that the 5 and 15MHz values are higher than the n28 self de-sense (red highlight) while it is on par at 20MHz (yellow highlight) and lower at 25 and 30MHz (green highlight)
· Row 6 and 7: a 50dB n28-n28 and a 45dB n5-n28 isolation is assumed for the worst case n5+n28 quad-plexer for future proof
· The next 2 rows provide the equivalent Tx noise at the LNA input when accounting for the respective isolation for:
· 1UL n28 at 23dBm: n28 REFSENS case
· 2UL n5+n28 at20+20dBm: CA_n5-n28 2UL case except for the 5MHz column where it is for the n5 1UL case
· Finally, the last row compares the two upper rows to evaluate MSDs on top of band n28 self de-sense.

Table 3: Estimation of the n5+n28 UL interference in band n28 DL versus n5 and n28 1UL case
	n28DL CBW (MHz) at the top of band 28
	5
	
	15
	20
	25
	30

	n28 UL transmitter output noise at 23dBm (dBm)
	-58.5
	
	-52.2
	-50.0
	-42.3
	-28.1

	38.101-1 n28 REFSENS de-sense due to Tx (dB)
	0.0
	
	0.0
	1.4
	7.0
	11.9

	n28 UL transmitter output noise at 20dBm (dBm)
	-61.5
	
	-55.3
	-53.8
	-50.5
	-39.2

	n5 UL transmitter output noise at 23dBm (dBm)
	-45.2
	
	-41.1
	-41.0
	-40.8
	-40.7

	n5 UL transmitter output noise at 20dBm (dBm)
	-53.8
	
	-49.6
	-48.9
	-47.8
	-48.9

	n28UL -> n28DL quadplexer isolation (dB)
	50
	
	50
	50
	50
	50

	n5UL -> n28DL quadplexer isolation (dB)
	45
	
	45
	45
	45
	45

	n28 transmitter output noise at 23dBm (dBm) at main LNA
	-108.5
	
	-102.2
	-100.0
	-92.3
	-78.1

	n5+n28 transmitter output noise at 23dBm (dBm) at main LNA
	-90.4
	
	-94.8
	-94.1
	-93.3
	-88.0

	delta n5+n28 vs n28 at 23dBm output noise at main LNA
	18.1
	
	7.4
	5.8
	-1.0
	-9.9



Observations from MSDs on top of n28 self desense:
· With a de-sense of 18dB (cyan cell in last row) for the 1UL n5 at 5MHz, the n5 1UL CA_n5-n28 value of 17.5dB is confirmed and validates the measured data and calculations.
· For 15 and 20MHz the n5+n28 2UL, transmitter noise is important versus n28 REFSENS case (red cells in last row) while for 25MHz it is similar (orange cell) and significantly lower for 30MHz (green cell) 

Although it does not exceed the worst case n28 self de-sense, based on the above, the 2UL CA_n5-n28 case exceeds self de-sense for 15 and 20MHz cases. Therefore, we suggest that a specific MSD test point be specified. Given that the 20MHz case sees contribution from both UL (both IMD5 of the allocated RBs and their image), it is a natural choice for such MSD test point.

It should be noted that the above calculations ignore any potential increase of the interference due to the additional reverse IMDs. At this point to avoid more elaborate calculations and without further extrapolation of the two-antenna architecture filters performances, the noise at both LNAs is calculated by power addition of the measured sum of n5+n28 UL and of the ideal 20MHz band n28 REFSENS Rx noise extrapolated from the 5MHz REFSENS. The resulting MSD (on top of n28 without self de-sense) with MRC calculations is provided in Table 3.

Proposal 3: CA_n5-n28 2UL cross band MSDs are as proposed in Table 4 and enable a two-antenna architecture in the long-term.
Table 4: 2UL cross band MSDs for CA_n5-n28
	UL band
	DL band
	UL Fc
	UL BW
	SCS of UL band
	UL RB Allocation
	DL Fc
	DL BW
	MSD
	Cross-band
Interference
source

	
	
	(MHz)
	(MHz)
	(kHz)
	LCRB
	(MHz)
	(MHz)
	(dB)
	

	n5
	n28
	834
	20
	15
	20 (Rbstart=0)
	793
	20
	[3.6]
	ACLR2

	n28
	
	738
	20
	15
	25 (Rbstart=81)
	
	
	
	ACLR2



Conclusions
In this contribution, we have discussed the possible antenna and RF front-end architecture assumptions for CA_n5-n28 2UL cross-band MSD evaluations. Based on these evaluations, we make the following proposals.

Proposal 1: During WI phase, the specified MSD and Delta T/RIB should use the two-antenna architecture as a baseline with both quadplexer + duplexer (a) and dual triplexer (b) approaches.
Proposal 2: CA_n5-n28 ΔTIB,c/ ΔRIB,c are as proposed in Table 2 and enable a two-antenna architecture in the long-term.
Table 2: ΔTIB,c/ ΔRIB,c for CA_n5-n28
	Configuration
	Component band in order of bands in configuration

	
	ΔTIB,c
	ΔRIB,c

	CA_n5-n28
	0.7
	0.7
	0.2
	0.2



Proposal 3: CA_n5-n28 2UL cross band MSDs are as proposed in Table 4 and enable a two-antenna architecture in the long-term.
Table 4: 2UL cross band MSDs for CA_n5-n28
	UL band
	DL band
	UL Fc
	UL BW
	SCS of UL band
	UL RB Allocation
	DL Fc
	DL BW
	MSD
	Cross-band
Interference
source

	
	
	(MHz)
	(MHz)
	(kHz)
	LCRB
	(MHz)
	(MHz)
	(dB)
	

	n5
	n28
	834
	20
	15
	20 (Rbstart=0)
	793
	20
	[3.6]
	ACLR2

	n28
	
	738
	20
	15
	25 (Rbstart=81)
	
	
	
	ACLR2
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