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Introduction
[bookmark: _Hlk115189237]In R4#105, the CA_n71-n85 with 2UL was proposed but not covered within the Release 18 LBLB combination. It was decided that the 1UL configurations could be covered within the “not for block approval” AI which resulted in the way forward [1]. During the off-line discussion it was agreed that the 1UL cross band MSD needed to be studied and it was separately found that DC_12-n71 MSD needed reviewing using the largest UL CBW. In this contribution we provide 1UL cross band MSD evaluation based on measurements for CA_n71-n85 and CA_n12-n71 DC_12_n71 and discuss the architecture and filter assumptions.
Discussion
Agreed assumptions and analysis
Agreements in [1]:
· Dual triplexer approach can be used as a start with UL on each antenna
· n29 band protection level needs to be clarified as follows
· When the uplink is n71, the protection level of n29 is -38 dBm/MHz 
· When the uplink is n85 there is no protection for n29 
· 3 antennas not precluded
· Companies are encouraged to bring proposals for MSD for UL n71 into DL n85, and UL n85 into DL n71
· Companies are encouraged to check potential MSD for non-CA n71 and n85 REFSENS
· This is because in case of triplexer the IL and isolations may be degraded compared to single band isolations
Architecture and filter implementation aspects
Since the n85 and n71 UL bandwidths have no gap, it is not possible to multiplex the two band ULs on the same antenna. Thus, a dual triplexer scheme is proposed with:
· On main antenna: n71DL/n71UL/n85DL triplexer
· On diversity antenna: n71DL/n85UL/n85DL triplexer
Furthermore, it should be noted that:
· Band n105 filter can be used to cover band n71 and, even if there is a 5MHz overlap between n105 UL and n85 UL, since CA_n71-n85 use different UL antennas anyhow there is no multiplexing issue.
· Band n85 filter can be used to cover band 12.

Based on the above, we suggest sepcifying the CA_n71-n8, CA_n12-n71 and DC_12-n71 requirements on a dual triplexer implementation that covers n105 and n85 frequency ranges resulting in:
· A triplexer covering n105DL/n105UL/n85DL with a 25MHz gap between n105UL and n85DL
· A triplexer covering n105DL/n85UL/n85DL with a 46MHz gap between n85UL and n85UL.

Given that the n105 band is already the most challenging low band duplexer (but n71 full band is the next one) it will be challenging for the n105DL/n105UL/n85DL triplexer to provide significant isolation in the n85 DL. Note that this would also be a similar issue with band n71 frequency range.

Proposal 1: a dual triplexer architecture covering n105 and n85 frequency ranges is used to derive requirements for CA_n71-n85, CA_n12-n71 and DC_12_n71.

As discussed above, there is a 5MHz overlap between the n105 and n85 UL filters but with the 10dB antenna isolation and the fact that the UL themselves never collide the loading can be accounted for by Delta TIB. It should be noted that, even with an n71 frequency range filter, since the gap is zero, there would be only a marginal increase in isolation and the loading would still be present.

When checking the 38.101-1 and 38.101-3 specifications, CA_n12-n71 and DC_12-n71 share the same Delta T/RIB:
Band 12 and band n72 Delta T/RIB are 1/0.8dB. This delta T/RIB values are compatible with a triplexer implementation covering n105 frequency range so the same values can be used for CA_n71-n85.

Proposal 2: CA_n71-n85 ΔTIB,c/ ΔRIB,c are as proposed in Table 1 and are the same as CA_n12-n71 and DC_12-n71 and enable a dual antenna dual triplexer implementation with n105 frequency range support.
Table 1: ΔTIB,c/ ΔRIB,c for CA_n71-n85
	configuration
	ΔTIB,c
	ΔRIB,c

	CA_n71-n85
	1
	1
	0.8
	0.8


Cross band MSDs assessment
To assess the cross-band MSD the largest UL bandwidth should be used for the aggressor which is 20MHz for n71 and 15MHz for n85 thus:
· Band n85 DL is within the ACLR2 range of 20MHz n71 UL and thus should see strong interference from IMD5
· Band n71 DL is within the ACLR4 range and is only subject to IMD9
It should be noted that:
· Since Release 17, TS 38.101-1 already support CA_n12-n71 but does not have cross-band MSD specified while it is subject from ACLR2 region interference from n71. 
· Similarly, since Release 16 DC_12_n71 is in 38.101-1 with SUO support only, it is also subject to 1UL interference from n71 ACLR 2 region. In this case, only a 2.3dB cross band MSD is specified for a 5MHz victim
· This, while CA_n29-n71 has 17.5dB MSD it is subject to ACLR2 region of n71 UL too. Similarly, the n5 ACLR2 MSD for DC_28_n5 is 17.5dB.
· For n71 20MHz REFSENS which is also subject of 20MHz UL ACLR2 region, there is a 4.9dB de-sense accounted for which if the victim was 5MHz CBW would correspond to a 9.5dB de-sense.
While the positions in frequency are not the same, it is clear that CA_n12-n71 is missing a cross band MSD requirement and the DC_12_n71 MSD is too low as it probably assumed a 5MHz UL interferer instead of a 20MHz UL interferer while the convention for cross-band MSD is to use the largest UL CBW.
Proposal 3: Cross band MSDs for DC_12-n71 and CA_n12-n71 should be re-assessed together with CA_n71-n85 and corrected in all the relevant TS and releases.
In order to assess the cross-band MSDs, PA noise was measured within a 5MHz CBW for:
· 23dbm 20MHz 25RB81 DFT-s-OFDM QPSK n71 UL waveform in:
· 5MHz CBW at 42.5MHz offset corresponding to a band n85 5MHz lowest channel
· 5MHz CBW at 43.5MHz offset corresponding to a band 12/n12 5MHz lowest channel
· 23dbm 15MHz 20RB0 DFT-s-OFDM QPSK waveform in:
· 5MHz CBW at 56MHz offset corresponding to a band n85 UL waveform in the highest band n71 5MHz channel
· 5MHz CBW at 57MHz offset corresponding to a band 12/n12 UL waveform in the highest band n71 5MHz channel.
For the triplexer performance in terms of isolation into third band, the following assumptions were used:
· The more challenging triplexer is for the n71DL/n71UL/n85DL case as it may need to cover the band n105 range (25MHz gap) while maintaining the 55dB n71UL/DL isolation to meet the band n71 REFSENS requirements. Thus, a n71UL to n85DL triplexer isolation of 42dB is assumed with a n71UL to antenna rejection of 38dB. Antenna isolation of 10dB is assumed.
· The n71(n105)DL/n85UL/n85DL triplexer is less critical as there is a 46MHz gap and the n85 BW/gap ratio is less demanding. Thus, a n85UL to n71DL triplexer isolation of 45dB is assumed with a n71UL to antenna rejection of 41dB. Antenna isolation of 10dB is assumed.
The measured values and MRC calculations are collected in Table 2 arranged in columns in the following manner:
· The first 2 columns of calculations on the left cover the n71 UL into n85 DL MSD
· The next two columns on the right cover the n85 UL into n71 DL MSD
· The next two columns on the right cover the n71 UL into n12 DL MSD
· The last two columns on the right cover the n12 UL into n71 DL MSD.
Table 2: Estimation of the 1 UL MSDs with MRC calculations
	 
	case
	n71
	20MUL
	n85
	15MUL
	n71
	20MUL
	n12
	15MUL

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

	Meas Tx noise /  transmitter noise floor
	[dBm/CBW]
	-40.6
	-63.5
	-66.9
	-63.5
	-42.2
	-63.5
	-67.0
	-63.5

	5MHz CBW scaled REFSENS
	[dBm/CBW]
	-97.2
	-97.0
	-97.2
	-97.0

	Tx-Rx / Tx-Ant duplexer isolation/rejection
	[dB]
	42
	38
	45
	41
	42
	38
	45
	41

	LNA to antenna insertion loss
	[dB]
	4
	4
	4
	4

	Antenna isolation
	[dB]
	0
	10
	0
	10
	0
	10
	0
	10

	PC3 1Tx interference levels: Main/Div
	[dBm/CBW]
	-78.6
	-84.6
	-102.8
	-108.8
	-80.1
	-86.1
	-102.9
	-108.9

	Noise degradation due to Tx noise: Main/Div
	[dB]
	14.8
	9.2
	0.4
	0.1
	13.3
	7.8
	0.4
	0.1

	REFSENS degradation after MRC
	cor [dB]
	13.6
	0.5
	12.2
	0.5





Observations on MSD:
· The MSDs of 13.6/12.1dB from n71 UL into n85/n12 are consistent with the 17.5dB MSD into n29 which is 11/12MHz closer and thus captures a higher level of the IMD5 product.
· The n85/n12 UL related MSD for n71 is the same and marginally reaches 0.5dB which is partially due to the transmitter UL noise floor which is already accounted for in n71 REFSENS, thus it can be ignored.

Proposal 4: CA_n71 1UL cross band MSDs into band n85 and 12/n12 for CA_n71-n85, CA_n12-n71 and DC_12_n71 are as proposed in Table 3. No cross band MSD is needed for band 12/n12/n85 UL into band n71 DL.
Table 3: 1UL cross band MSDs
	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)
	

	n71
	n85
	688
	20
	15
	25 (RBstart=81)
	730.5
	5
	[13.6]
	ACLR2

	n71
	12
	688
	20
	15
	25 (RBstart=81)
	731.5
	5
	[12.1]
	ACLR2

	n71
	n12
	688
	20
	15
	25 (RBstart=81)
	731.5
	5
	[12.1]
	ACLR2


Conclusions
In this contribution, we have discussed the possible RF front-end architecture assumptions for CA_n71-n85 1UL cross band MSD evaluations from measured PA output noise. Based on these evaluations, we make the following proposals for all the combinations that involve band n71 plus band 12/n12/n85.

Proposal 1: a dual triplexer architecture covering n105 and n85 frequency ranges is used to derive requirements for CA_n71-n85, CA_n12-n71 and DC_12_n71.

Proposal 2: CA_n71-n85 ΔTIB,c/ ΔRIB,c are as proposed in Table 1 and are the same as CA_n12-n71 and DC_12-n71 and enable a dual antenna dual triplexer implementation with n105 frequency range support.
Table 1: ΔTIB,c/ ΔRIB,c for CA_n71-n85
	Configuration
	Component band in order of bands in configuration

	
	ΔTIB,c
	ΔRIB,c

	CA_n71-n85
	1
	1
	0.8
	0.8



Proposal 3: Cross band MSDs for DC_12-n71 and CA_n12-n71 should be re-assessed together with CA_n71-n85 and corrected in all the relevant TS and releases.
Proposal 4: CA_n71 1UL cross band MSDs into band n85 and 12/n12 for CA_n71-n85, CA_n12-n71 and DC_12_n71 are as proposed in Table 3. No cross band MSD is needed for band 12/n12/n85 UL into band n71 DL.
Table 3: 1UL cross band MSDs
	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)
	

	n71
	n85
	688
	20
	15
	25 (RBstart=81)
	730.5
	5
	[13.6]
	ACLR2

	n71
	12
	688
	20
	15
	25 (RBstart=81)
	731.5
	5
	[12.1]
	ACLR2

	n71
	n12
	688
	20
	15
	25 (RBstart=81)
	731.5
	5
	[12.1]
	ACLR2
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