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Introduction
[bookmark: _Hlk115189237]In RAN4#107, a few contributions provided input to the CA_n26-n28 requirements which were captured in TR 38.872 via the CR [1]. This included our input in [2] which was based on extrapolations from other LBLB cases. In this contribution, we provide refined proposals based on measured data.
Discussion
[bookmark: _Hlk131970678]Similar to our proposals in [2], our evaluation is based on an architecture with two antennas and a dual triplexer approach and with the second triplexer based on a split band 28. We thus re-iterate our proposals on the architecture and the resulting Delta T and Delta R.

Proposal on architecture:
· Architecture should support full band n28 for single band operation and CA_n26-n28
· Requirement is based on a two-antenna implementation with
· n28fullDL+n26UL+n26DL triplexer on antenna 1
· n28lowUL+n28lowDL+n26DL or n28highUL+n28highDL+n26DL switched triplexer on antenna 2.

Proposal on Delta T and Delta R: the values in Table 1 and 2 are used for CA_n26-n28.
Table 1: ΔTIB,c due to NR CA (two bands).
	Inter-band CA combination
	ΔTIB,c for NR bands (dB)9

	
	Component band in order of bands in configuration10

	CA_n26-n28
	0.7
	0.7

	NOTE 9:	“-” denotes ΔTIB,c = 0.
NOTE 10:	The component band order in the configuration should be listed by the order of NR bands, such as for CA_n1-n3 the band order from left to right is n1 and n3.


Table 2: ΔRIB,c due to NR CA (two bands).
	Inter-band CA combination
	ΔRIB,c for NR bands (dB)8

	
	Component band in order of bands in configuration9

	CA_n26-n28
	0.2
	0.2

	NOTE 8:	 “-” denotes ΔRIB,c = 0.
NOTE 9:	The component band order in the configuration should be listed by the order of NR bands, such as for CA_n1-n77 the band order from left to right is n1 and n77.


[bookmark: _Hlk131970415]Measurements for 1UL and 2UL cross band isolation MSD
In our contribution [2] in RAN4#107 we used our measurements from similar cases like CA_n5-n28 or CA_n18-n28 to make a first evaluation of the possible MSD due to 1UL and 2UL cross band noise. However, this still had some approximation, and we could only provide an MSD range. For this meeting, we performed measurements for several cases:
· 20MHz band n26 output noise in n28A (first 30MHz of band n28) and n28B (last 30MHz of band n28) for:
· 5, 20, 25 and 30MHz band n28 CBW
· At 23dBm for 1UL and 20dBm for 2UL
· Band n28 self-desense for 5, 20, 25 and 30MHz band n28 CBW at 23dBm for 1UL and 20dBm for 2UL.
Based on the chosen architecture, the following RF front-end performance is assumed:
· Post PA and pre LNA losses = 4dB
· Antenna isolation 10dB
· Band n26 UL filter from n26UL/n26DL/n28DL triplexer performance:
· n26 UL to n28A DL T/R isolation = 38dB
· n26UL to n28A DL antenna rejection = 35dB
· n26 UL to n28A DL T/R isolation = 35dB (11MHz distance)
· n26UL to n28A DL antenna rejection = 32dB (11MHz distance)
· These performances are justified by the fact that band n26 is one of the most critical low band duplexers (35MHz BW with 10MHz duplex gap)
· Band n28 UL filter from n28AorBUL/n26DL/n28AorBDL triplexer performance
· n28 UL to n26 DL T/R isolation = 40dB
· n28 UL to n26 DL antenna rejection = 38dB
· These performances are justified for a full band n28 design and the proximity of band n26.
1UL MSD
For CA_n26-n28, the 1UL scenario is using the largest n28 and n26 UL CBW (respectively 30MHz and 20MHz) closest to the victim band with a 5MHz Rx CBW. Still, in previous meetings, there was discussion regarding whether the 30MHz lower band n28 or the full band n28 should be considered, for this we evaluated n28A and n28B (representative of full band) cases:
· n28B (upper 30MHz) is victim of IMD3 of band n26 UL wanted RBs and their image including its peak
· n28A (lower 30MHz) is victim of IMD5 of band n26 UL wanted RBs and their image including its peak
· n26 is victim of n28B IMD9 and n28A IMD11, at these high IMD offsets, the noise is dominated by the wideband transmitter white noise floor.
We performed measurements for both sub-band n28A and n28B cases and the MSD after MRC results are summarized in Table 3. 
Table 3: Post MRC MSD calculations based on measured transmitter noise.
	UL/BW/IM-DL
	n26/20/5-n28A
	n26/20/3-n28B
	n28AB/30/9-n26

	CBW/NRB
	[MHz]/#
	5
	25
	5
	25
	5
	25

	Meas Tx noise / transmitter noise floor
	[dBm/CBW]
	-43.1
	-63.5
	-23.3
	-63.5
	-85.0
	-63.5

	REFSENS
	[dBm/CBW]
	-98.5
	-98.5
	-97.5

	RX noise floor wo Tx noise : Main/Div
	[dBm/CBW]
	-94.5
	-94.5
	-94.5
	-94.5
	-93.5
	-93.5

	Tx-Rx / Tx-Ant duplexer isolation/rejection
	[dB]
	38
	35
	35
	32
	37
	34

	LNA to antenna insertion loss
	[dB]
	4
	4
	4

	Antenna isolation
	[dB]
	0
	10
	0
	10
	0
	10

	PC3 1Tx interference levels: Main/Div
	[dBm/CBW]
	-77.1
	-84.1
	-54.3
	-61.3
	-96.4
	-103.4

	Noise degradation due to Tx noise : Main/Div
	[dB]
	17.5
	10.8
	40.2
	33.2
	1.8
	0.4

	REFSENS degradation after MRC
	cor [dB]
	15.3
	37.8
	1.7



Observations:
· With only the transmitter noise floor contributing, the band n26 MSD due to band n28 is small
· The MSD of band n28B victim of band n26 UL IMD3 is confirmed to be significantly above 30dB
· The MSD of band n28A victim of band n26 UL IMD5 is slightly lower than estimated in [2].
These observations lead to the following 1UL cross band isolation MSD proposals, which provides MSD for full band and lower 30MHz of band n28 as spectrum availability varies in different regions.
Proposal on 1UL MSD test points and values: see Table 4 below.
Table 4: 1UL cross band MSD for CA_n26-n28 accounting for both full band and lower 30MHz only of band 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)
	

	n26
	n28
	824
	20
	15
	25 (RBstart=0)
	800.5
	5
	37.8
	ACLR1

	n26
	n28
	824
	20
	15
	25 (RBstart=0)
	785.5
	5
	15.3
	ACLR2

	n28
	n26
	733
	30
	15
	25 (RBstart=135)
	861.5
	5
	1.7
	>ACLR2


2UL MSD
Since CA_n26-n28 UL configuration is also considered and, similar to the work performed for CA_n5-n28, the MSD due to the addition of the band n28 UL and band n26 UL noises must be evaluated. For this, we measured the noise levels at 20dBm for the band n26UL for 20/25/30MHz CBW of band n28 and again looking at the lower or upper 30MHz. 

This time we had to measure the transmitter noise, evaluate the corresponding noise leaking to the receiver for each UL accounting for the front-end performance and assuming 3dB lower noise floor at 20dBm than 23dBm. 
This resulted in the interference levels at the receiver in:
· Table 5a for 20dBm band n26 UL in band n28A which correspond to an IMD5 case (ACLR2)
· Table 5b for 20dBm band n26 UL in band n28B which correspond to an IMD3 case (ACLR1)
· Table 5c for the 20dBm band n28 UL self desense. It corresponds to an IMD5 case for 20 and 25MHz CBW and IMD3 case for 30MHz CBW.
Table 5a: 20dBm band n26 UL noise in band n28A for 20/25/20MHz CBW.
	UL/BW/IM-DL
	n26/20/5-n28A
	n26/20/5-n28A
	n26/20/5-n28A

	CBW/NRB
	[MHz]/#
	20
	106
	25
	133
	30
	160

	Meas Tx noise / transmitter noise floor
	[dBm/CBW]
	-48.3
	-60.2
	-46.5
	-59.2
	-45.7
	-58.4

	Tx-Rx / Tx-Ant duplexer isolation/rejection
	[dB]
	38
	35
	38
	35
	38
	35

	LNA to antenna insertion loss
	[dB]
	4
	4
	4

	Antenna isolation
	[dB]
	0
	10
	0
	10
	0
	10

	PC3 1Tx interference levels: Main/Div
	[dBm/CBW]
	-81.1
	-88.1
	-80.3
	-87.3
	-79.5
	-86.5


Table 5b: 20dBm band n26 UL noise in band n28B for 20/25/20MHz CBW.
	UL/BW/IM-DL
	n26/20/3-n28B
	n26/20/3-n28B
	n26/20/3-n28B

	CBW/NRB
	[MHz]/#
	20
	106
	25
	133
	30
	160

	Meas Tx noise / transmitter noise floor
	[dBm/CBW]
	-33.4
	-60.2
	-28.8
	-59.2
	-28.2
	-58.4

	Tx-Rx / Tx-Ant duplexer isolation/rejection
	[dB]
	35
	32
	35
	32
	35
	32

	LNA to antenna insertion loss
	[dB]
	4
	4
	4

	Antenna isolation
	[dB]
	0
	10
	0
	10
	0
	10

	PC3 1Tx interference levels: Main/Div
	[dBm/CBW]
	-64.4
	-71.4
	-59.8
	-66.8
	-59.2
	-66.2


Table 5c: 20dBm band n28 UL noise for 20/25/20MHz CBW.
	CBW/NRB
	[MHz]/#
	20
	106
	25
	133
	30
	160

	Meas Tx noise / transmitter noise floor
	[dBm/CBW]
	-55.0
	-60.2
	-43.0
	-59.2
	-36.6
	-58.4

	Tx-Rx / Tx-Ant duplexer isolation/rejection
	[dB]
	50
	46
	50
	46
	50
	46

	LNA to antenna insertion loss
	[dB]
	4
	4
	4

	Antenna isolation
	[dB]
	0
	10
	0
	10
	0
	10

	PC3 1Tx interference levels: Main/Div
	[dBm/CBW]
	-99.9
	-105.9
	-88.9
	-94.9
	-82.6
	-88.6



From the above, we can derive the MSD post MRC accounting for the addition of n26 and n28 UL noises, but also considering that the main and diversity antennas are swapped between the two bands in the proposed architecture. The calculations are provided for the three band n28 victim bandwidths in Table 6a for n28A and Table 6b for n28B.
Table 6a: REFSENS degradation in n28A.
	n28CBW
	20MHz n28A
	25MHz n28A
	30MHz n28A

	antenna
	main
	div
	main
	div
	main
	div

	n28 20dBm UL noise [dBm/CBW]
	-99.9
	-105.9
	-88.9
	-94.9
	-82.6
	-88.6

	n26 20dBm UL noise [dBm/CBW]
	-89.0
	-82.0
	-87.3
	-80.3
	-86.5
	-79.5

	n28 REFSENS [dBm/CBW]
	-90.8
	-84.2
	-78.5

	2UL interference levels [dBm/CBW]
	-88.7
	-82.0
	-85.0
	-80.1
	-81.1
	-79.0

	Noise degradation due to Tx noise [dB]
	2.7
	6.1
	3.3
	3.5
	3.6
	2.1

	REFSENS degradation after MRC [dB]
	5.4
	3.3
	1.9


Table 6b: REFSENS degradation in n28B.
	n28CBW
	20MHz n28B
	25MHz n28B
	30MHz n28B

	antenna
	main
	div
	main
	div
	main
	div

	n28 20dBm UL noise [dBm/CBW]
	-99.9
	-105.9
	-88.9
	-94.9
	-82.6
	-88.6

	n26 20dBm UL noise [dBm/CBW]
	-71.4
	-64.4
	-66.8
	-59.8
	-66.2
	-59.2

	n28 REFSENS [dBm/CBW]
	-90.8
	-84.2
	-78.5

	2UL interference levels [dBm/CBW]
	-71.4
	-64.4
	-66.8
	-59.8
	-66.1
	-59.2

	Noise degradation due to Tx noise [dB]
	15.5
	22.4
	13.6
	20.4
	9.0
	15.4

	REFSENS degradation after MRC [dB]
	20.1
	18.2
	13.5



Observations:
· Even in the n28A case, the 2UL noise is above the band n28 REFSENS levels that already suffers from IMD3 or IMD5 self-desense.
· In many n28A cases the band n26 UL noise dominates
· In the n28B case the band n26 noise dominates compared to band n28 self desense and although significantly lower than the n26 1UL case, it still results in significant MSD
· Given that it shows the contribution from both UL the 30MHz CBW for band n28 is preferred.

With the above, the following 2UL MSD is proposed considering both full band n28 and upper 30MHz cases as spectrum availability varies in different regions.
Proposal on 2UL MSD test points and values: see Table 7 below.
Table 7: 2UL cross band MSD for CA_n26-n28 accounting for both full band and lower 30MHz only of band 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)
	

	n26
	n28
	824
	20
	15
	25 (RBstart=0)
	788
	30
	13.5
	ACLR1 from n26 and n28

	n28
	
	733
	30
	15
	25 (RBstart=135)
	
	
	
	

	n26
	n28
	824
	20
	15
	25 (RBstart=0)
	773
	30
	1.9
	ACLR2 from n26 and ACLR1 from n28

	n28
	
	718
	30
	15
	25 (RBstart=135)
	
	
	
	


Implementation in the specification and the technical report
For the technical report there is added value in capturing both 1UL and 2UL MSDs for both the full band and the lower 30MHz. However, for the 38.101-1 specification, to avoid duplication of test points, only the worst-case MSDs for the band n28 full band are captured.

Proposal on implementation in TS 38.101-1 and TR 38.872:
· Both worst-case full band n28 and lower 30MHz band n28 (n28A) MSDs test points and values are captured for 1UL and 2UL cross band MSD in TR 38.872
· Only worst-case full band n28 MSDs test points and values are captured for 1UL and 2UL cross band MSD in TS 38.101-1.
Conclusions
In this contribution, we have the measurements and calculations for CA_n26-n28 1UL and 2UL cross band MSDs, compared the different band n28 assumptions (full band or lower 30MHz) and make the following proposals.

Proposal on architecture:
· Architecture should support full band n28 for single band operation and CA_n26-n28
· Requirement is based on a two-antenna implementation with
· n28fullDL+n26UL+n26DL triplexer on antenna 1
· n28lowUL+n28lowDL+n26DL or n28highUL+n28highDL+n26DL switched triplexer on antenna 2.

Proposal on Delta T and Delta R: the values in Table 1 and 2 are used for CA_n26-n28.
Table 1: ΔTIB,c due to NR CA (two bands).
	Inter-band CA combination
	ΔTIB,c for NR bands (dB)9

	
	Component band in order of bands in configuration10

	CA_n26-n28
	0.7
	0.7

	NOTE 9:	“-” denotes ΔTIB,c = 0.
NOTE 10:	The component band order in the configuration should be listed by the order of NR bands, such as for CA_n1-n3 the band order from left to right is n1 and n3.


Table 2: ΔRIB,c due to NR CA (two bands).
	Inter-band CA combination
	ΔRIB,c for NR bands (dB)8

	
	Component band in order of bands in configuration9

	CA_n26-n28
	0.2
	0.2

	NOTE 8:	 “-” denotes ΔRIB,c = 0.
NOTE 9:	The component band order in the configuration should be listed by the order of NR bands, such as for CA_n1-n77 the band order from left to right is n1 and n77.



Proposal on 1UL MSD test points and values: see Table 4 below.
Table 4: 1UL cross band MSD for CA_n26-n28 accounting for both full band and lower 30MHz only of band 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)
	

	n26
	n28
	824
	20
	15
	25 (RBstart=0)
	800.5
	5
	37.8
	ACLR1

	n26
	n28
	824
	20
	15
	25 (RBstart=0)
	785.5
	5
	15.3
	ACLR2

	n28
	n26
	733
	30
	15
	25 (RBstart=135)
	861.5
	5
	1.7
	>ACLR2



Proposal on 2UL MSD test points and values: see Table 7 below.
Table 7: 2UL cross band MSD for CA_n26-n28 accounting for both full band and lower 30MHz only of band 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)
	

	n26
	n28
	824
	20
	15
	25 (RBstart=0)
	788
	30
	13.5
	ACLR1 from n26 and n28

	n28
	
	733
	30
	15
	25 (RBstart=135)
	
	
	
	

	n26
	n28
	824
	20
	15
	25 (RBstart=0)
	773
	30
	1.9
	ACLR2 from n26 and ACLR1 from n28

	n28
	
	718
	30
	15
	25 (RBstart=135)
	
	
	
	



Proposal on implementation in TS 38.101-1 and TR 38.872:
· Both worst-case full band n28 and lower 30MHz band n28 (n28A) MSDs test points and values are captured for 1UL and 2UL cross band MSD in TR 38.872 (whole tables above)
· Only worst-case full band n28 MSDs test points and values are captured for 1UL and 2UL cross band MSD in TS 38.101-1. (yellow highlight in tables above).
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