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Introduction
[bookmark: _Hlk115189237]In RAN#99, new symmetrical UL/DL 25 and 30MHz CBW are requested for Band n71 in [1]. This request results in a new maximum CBW for UL and, since CA_n71-n85 is a BCS4 and 5, the MSD test points needs to be updated. Additionally, we provide our views on realistic implementation of such LBLB combination. 
Discussion
In RAN#99 a new request was made for the support of symmetrical UL/DL 25 and 30MHz CBW for Band n71 in [1]. The related row of the request table is reproduced below. 
	Band
	Channel bandwidth
and SCS
	Justification
	Additional information

	n71
	25 and 30 MHz for uplink for both BS and UE
(15 kHz SCS for 25 MHz)
	To fully utilize the licensed uplink bandwidth of some operators with n71, 25MHz and 30 MHz channel bandwidth are proposed to be added for the uplink. PC2 support impacts should also be considered in the scope of this request
	Only symmetric UL/DL (25+25 and 30+30 MHz)



The following paragraphs discuss the impacted requirement for band combinations including Band n71.
Impact to specification and ripple effects
Impact to BCS4/5 NR CA and EN-DC cases
Similarly, there are existing and requested band combinations with Band n71 which will require to re-evaluation since the symmetrical UL/DL 25 and 30MHz CBW request creates a new largest UL CBW of 30MHz. This requires reconsideration of any cross-band MSD, especially for ENDC and BCS 4/5 NRCA cases where all the constituent bands CBW should be supported. Again, since there will be two cases and the symmetrical UL/DL 25 and 30MHz CBW are optional, it may be necessary to accommodate two requirements.
Here is the list of band combination cases which we have cross-checked:
· CA_n12-n71, CA_n28-n71, DC_71_n12 and CA_n29-n71: these are OK as their BCS maximum CBW is 20MHz
· CA_n71-n85 that is currently evaluated [2, 3, 4] is a BCS4 and 5 cases and thus the cross-band MSD will need to be evaluated for 30MHz UL CBW
· DC_5A_n71A, DC_12A_n71A and DC_13A_n71A cross band MSD needs to be re-evaluated with 30MHz UL CBW.
Proposal on handling new largest UL CBW for n71:
· Once the n71 symmetrical UL/DL CBW single band work is finalized, potential new MSD test points and values should be assessed for CA_n71-n85, DC_12A_n71A and DC_13A_n71A
· The work should be done the within the “new CBW for existing band” WI to complete Band n71 new CBW
· The CA_n71-n85 and DC_12_n71 cross-band MSD should be re-evaluated for the new largest UL CBW of 30MHz. In the meantime, work on CA_n71-n85 is postponed.
· The DC_71_n12 still uses 20MHz UL and can be finalized based on proposals for DC_12-n71 with 20MHz UL 
· FFS on how to deal with the legacy and new cross-band MSD requirement for the impacted band combinations.
Realistic implementation of CA_n71-n85 and DC_12-n71
Beyond the fact that the maximum UL CBW is increased from 20MHz to 30MHz, there is a need to set the requirement based on realistic implementations.
IMD interference for the new UL CBW for self de-sense
[bookmark: _Hlk131629887]In order to assess the realistic cross band MSD for CA_n85 and DC_12-n71, it is interesting to first look at the self de-sense cases for Band n71 with/without the increased UL CBW of the 25 and 30MHz symmetrical UL/DL CBW. In Table 1 we provide the IMDs related to the wanted UL allocation and its image that overlaps with the DL allocation. The IMD order and overlap is a good start to compare the same for the cross-band MSDs.
Table 1: IMD interference for various UL/DL CBW 
	DL CBW
	UL CBW
	IMD
order
	PC3 MSD
	overlap
	comment
	UL CBW
	IMD
order
	overlap
	PC3 MSD in [7]
	comment

	[MHz]
	[MHz]
	
	[dB]
	[MHz]
	
	[MHz]
	
	[MHz]
	[dB]
	

	25
	20
	IMD5
	6.1
	13.7
	partial IMD5 spectrum with peak in DL BW
	25
	IMD3
	1.895
	13.4
	small IMD3+IMD5

	30
	20
	IMD5
	6.1
	16.13
	
	30
	IMD3
	10.8
	21.9
	Full IMD3 spectrum in DL BW

	35
	20
	IMD5
	9.8
	18
	just missed IMD3+full IMD5
	35
	IMD3
	10.8
	
	


IMD interference for the new UL CBW for CA_n71-n85 and DC_12_n71
With the increased UL CBW of the 25 and 30MHz symmetrical UL/DL CBW, the interference to the Band n85 or Band 12 DL will be changed as IMDs of the UL allocation and its image with have a further reach. 
Figure 1 shows:
· The placement of the bands involved in CA_n71-n85 and DC_12-n71 in the first two rows
· The IMD landscape for 20MHz UL in the next row
· The IMD landscape for 30MHz at the top and bottom of the band n71 in the last two rows.
[image: ]
Figure 1: n71 UL IMD landscape for 20MHz and 30MHz UL

Observation on IMD interference to Bands n85 and 12 DL: 
· For the existing 20MHz UL cases, Bands n85 and 12 lowest 5MHz channels are only victim of the second half IMD5 spectrum near its peak. This is similar to the current self de-sense cases for 25 and 30MHz DL CBW with 6.1dB MSD for larger CBW:
· There is less IMD5 spectrum captured in the 5MHz DL BW, but the REFSENS is now about 7dB lower: Consistent with the n71 REFSENS, there is significant MSD for n85 and n12 from the 20MHz UL as measured in [2] and 0dB MSD like in [2] is unrealistic.
· For the new 30MHz largest UL CBW:
· When 30MHz UL is at the top of the band: Just missed IM3 for lowest 5MHz channel, lower part of IMD5 without its peak falls on top 5MHz channels on bands n85 and 12. 
· When 30MHz UL is at the bottom of the band: peak part of IMD5 falls on top 5MHz channels on bands n85 and 12.
· In both cases, this is similar to the current self de-sense cases for 35MHz DL 20MHz UL CBW with 9.8dB MSD or to 25MHz UL/DL case with 13.4dB MSD for larger CBWs: There is less IMD5 spectrum captured in the 5MHz DL BW, but the REFSENS is significantly lower: consistent with the n71 REFSENS there is significant MSD for n85 and n12 from the 30MHz UL.
Realistic architecture for CA_n71-n85, DC_12_n71 and DC_71_n12
In RAN4#106 meeting, four contributions made proposals for the CA_n71-n85 combination based on 20MHz UL CBW. 
There were three proposals for Delta T and Delta R shown in Table 2, Qualcomm and Skyworks inputs are based on a dual triplexer approach as agreed in the WF from RAN4#105 while the Nokia, T-Mobile proposal is based on cascading a diplexer in front of a duplexer and the diversity filter.

Table 2: Delta T and Delta R proposals for
	NR Band
	ΔRIB,c (dB)
	ΔTIB,c (dB)
	Company

	n71
	1
	1
	Nokia, TMO

	n85
	0.8
	0.8
	

	n71
	0.8
	0.8
	Qualcomm

	n85
	0.8
	0.8
	

	n71
	1
	1
	Skyworks

	n85
	0.8
	0.8
	



Table 3 captures the cross-band MSDs proposals for Qualcomm, Murata and Skyworks based on on a dual triplexer approach as agreed in the WF from RAN4#105 while the Nokia, T-Mobile proposal is based on cascading a diplexer in front of a duplexer and the diversity filter assumes a 0dB MSD.
Table 3: Cross-band MSDs for Qualcomm, Murata and Skyworks
	Company
	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)
	

	Qualcomm
	n71
	n85
	688
	20
	15
	20 (RBstart=86)
	730.5
	5
	7.6
	ACLR2

	
	n85
	n71
	705.5
	15
	15
	20 (RBstart=0)
	649.5
	5
	2.5
	>ACLR2

	Murata
	n71
	n85
	688
	20
	15
	20 (RBstart=86)
	730.5
	5
	8.5
	ACLR2

	
	n85
	n71
	705.5
	15
	15
	20 (RBstart=0)
	649.5
	5
	4.5
	> ACLR2

	Skyworks
	n71
	n85
	688
	20
	15
	20 (RBstart=86)
	730.5
	5
	[13.6]
	ACLR2

	
	n85
	n71
	705.5
	15
	15
	20 (RBstart=0)
	649.5
	5
	none
	>ACLR2



First let us compare proposals based on the agreed dual triplexer approach from the 3 main RF front-end suppliers regularly contributing in RAN4:
· Delta T and Delta R are very close and account for a triplexing losses due to filter loading and additional poles required on the n71 UL filter to deliver the same 55dB Tx/Rx isolation than for the single band assumptions while still providing good isolation in Band n85/n12
· All companies show a significant MSD for both bands with, in the case of Skyworks, a higher MSD as co-banding of n71 with n105 is assumed, also a better rejection of n71 DL by the n85 UL filter results in lower MSD. These differences are essentially linked to different trade-offs in the triplexer designs.
· All companies show a lower MSD for n71 when subject to n85 UL compared to n85 MSD from n71 UL, as is justified by a larger frequency gap and a higher order interfering IMD.

In the case of the Nokia and T-Mobile proposal of 0dB MSD, there is the assumption that a diplexer would provide enough isolation to reduce the cross-band interference: 
· All RF front-end manufacturers stated that would not be an implementation option in real products and that due to the 30MHz gap between the n71 UL and n85 DL and 46MHz gap between the n85 UL and n71 DL the usual band group (LB/MB, MB/HB) diplexer technology and performance cannot be achieved. 
· One option for this to work, would be to use a high Q technology like the one used for the LB duplexer and thus would result in significant size and cost impact together with significantly higher IL increase that is not reflected in the proposed Delta R and Delta T proposal and would be deterrent to support such LBLB combination
· If the suggested approach is based on phase combining the filters, then this is exactly what the RF-front end companies have assumed in the triplexer design, but with optimizing the combination of the three filters altogether and anyhow results in a lower isolation into the other band than for the in-band Tx/Rx isolation.

To have a realistic implementation of the band combination, the dual triplexer approach should be the baseline for MSD evaluation and significant MSD should be specified at least for the bands n85 or n12 when subject to the n71 UL interference. This is even more necessary when using the new largest n71 UL CBW of 30MHz.

Proposal on architecture and MSD for CA_n71-n85, DC_12_n71, CA_n12-n71 and CA_71_n12
· MSD evaluation is based on realistic implementation in terms of size, cost and performance using a dual-triplexer approach as evaluated by all RF front end manufacturers
· Significant MSD is expected for Bands n85 and n12 when victim of n71 UL and zero MSD is unrealistic for 20MHz UL and even more so for 30MHz UL. Co-banding of n71 and n105 should also be considered.
· 0dB MSD is unrealistic as for the equivalent IMDs the band n71 REFSENS already shows de-sense with a larger DL CBW and improved TxRX isolation of 55dB
· For n71 MSD due to Bands n85 or n12 15MHz UL interference, a lower MSD can be expected. 
Proposed cross-band MSD for DC_71A_n12
For DC_71_n12, there is no change in UL CBW compared to the case of DC_12_n71 and thus the cross-band MSDs proposed in [2] are valid.
Proposal on DC_71_n12 cross-band MSD: Based on cross-band MSD for 20MHz UL for DC_12_n71 in [2]
Table 4: 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)
	

	71
	n12
	688
	20
	15
	25 (RBstart=81)
	731.5
	5
	12.1
	ACLR2


Proposed cross-band MSD for CA_n12-n71
For CA_n12-n71, there is no change in UL CBW compared to the case of DC_12_n71 and thus the cross-band MSDs proposed in [2] are valid.
Proposal on CA_n12-n71 Delta T and Delta R: Based on cross-band MSD for 20MHz UL for DC_12_n71 in [2]
Table 5: Delta T and Delta R proposals for CA_n12-n71
	NR Band
	ΔRIB,c (dB)
	ΔTIB,c (dB)

	n71
	1
	1

	N12
	0.8
	0.8



Proposal on CA_n12-n71 cross-band MSD: Based on cross-band MSD for 20MHz UL for DC_12_n71 in [2]
Table 6: 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
	n12
	688
	20
	15
	25 (RBstart=81)
	731.5
	5
	12.1
	ACLR2



Conclusions
In this contribution, we discussed the impact of the introduction of 25 and 30MHz symmetrical CBW for n71 to the related LBLB inter-band combination in 38.101-1 or 38.101-3 and make the following proposals.

Proposal on handling new largest UL CBW for n71:
· Once the n71 symmetrical UL/DL CBW single band work is finalized, potential new MSD test points and values should be assessed for CA_n71-n85, DC_12A_n71A and DC_13A_n71A
· The work should be done the within the “new CBW for existing band” WI to complete band n71 new CBW
· The CA_n71-n85 and DC_12_n71 cross-band MSD should be re-evaluated for the new largest UL CBW of 30MHz. In the meantime, work on CA_n71-n85 is postponed.
· The DC_71_n12 still uses 20MHz UL and can be finalized based on proposals for DC_12-n71 with 20MHz UL 
· FFS on how to deal with the legacy and new cross-band MSD requirement for the impacted band combinations.
We also discussed what architecture and filter performance are realistic to derive requirements for the LBLB inter-band combinations including n71.
Proposal on architecture and MSD for CA_n71-n85, DC_12_n71, CA_n12-n71 and CA_71_n12
· MSD evaluation is based on realistic implementation in terms of size, cost and performance using a dual-triplexer approach as evaluated by all RF front end manufacturers
· Significant MSD is expected for Bands n85 and n12 when victim of n71 UL and zero MSD is unrealistic for 20MHz UL and even more so for 30MHz UL. Co-banding of n71 and n105 should also be considered.
· 0dB MSD is unrealistic as for the equivalent IMDs the band n71 REFSENS already shows de-sense with a larger DL CBW and improved TxRX isolation of 55dB
· For n71 MSD due to Bands n85 or n12 15MHz UL interference, a lower MSD can be expected. 

Proposal on DC_71_n12 cross-band MSD: Based on cross-band MSD for 20MHz UL for DC_12_n71 in [2]
Table 4: 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)
	

	71
	n12
	688
	20
	15
	25 (RBstart=81)
	731.5
	5
	12.1
	ACLR2



Proposal on CA_n12-n71 Delta T and Delta R: Based on cross-band MSD for 20MHz UL for DC_12_n71 in [2]
Table 5: Delta T and Delta R proposals for CA_n12-n71
	NR Band
	ΔRIB,c (dB)
	ΔTIB,c (dB)

	n71
	1
	1

	N12
	0.8
	0.8



Proposal on CA_n12-n71 cross-band MSD: Based on cross-band MSD for 20MHz UL for DC_12_n71 in [2]
Table 6: 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
	n12
	688
	20
	15
	25 (RBstart=81)
	731.5
	5
	12.1
	ACLR2
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