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Introduction
[bookmark: _Hlk131632468]In RAN4#106b-e, the support of 1UL and 2UL configurations for CA_n26-n28 was discussed in [2], based on full band n28 support. The way forward [1] captured the n28 spectrum support options and the related architecture and MSD issues. In this contribution, we provide our inputs regarding architecture options and Delta T, Delta R and MSD requirement evaluation for the two n28 spectrum options.
Discussion
In RAN4#106b-e, the way forward [1] did not capture agreements, but mainly focused on the architecture and MSD issues in relation to two n28 spectrum options:
Case 1: lower 30MHz of n28 (UL: 703~733MHz, DL: 758~788MHz) is supported.
Case 2: entire n28 frequency range (UL: 703~748MHz, DL: 758~803MHz) is supported.

[bookmark: _Hlk131970678]In this contribution, we will discuss the architecture, and Delta T/Delta R and MSD requirements for the two options
[bookmark: _Hlk131970415]Architecture
First, Band n28 is still supported with a dual duplexer approach and thus the antenna multiplexing is more complicated. Since the UE needs to support the full band n28 for single band support, the discussion on spectrum support for n28 within the CA_n26-n28 scope has an impact on the architecture choices. However, the architectures presented in [2] are still valid and may drive the requirement.
For Band 26 the full band duplexer is already a challenge, with the 10MHz duplex gap and 35MHz BW while for a triplexer, the n28DL will also include a 10MHz gap.
For Full band n28 support within CA_n26-n28, a two-antenna architecture should be feasible, as this will involve three triplexers. This architecture is still valid for the case where CA_n26-n28 only supports the lower 30MHz of n28:
· Triplexer 1 on UL antenna 1: n28fullDL+n26UL+n26DL
· Realistic rejection of n28fullDL filter of n26UL should be used since the n28full DL filter has high BW and there is only a 10MHz gap. The triplexer is challenging, with two gaps of 10MHz and with n26 BW of 35MHz and n28DL at 45MHz.
· If only the lower 30MHz of n28 is supported, antenna 1 could be supported with a switched n28lowDL+n26UL+n26DL or n28highDL. This may benefit the triplexer design but anyhow the triplexer with n28full DL is also a valid option 
· Switched Triplexer 2 and 3 on UL antenna 2: n28lowUL+n28lowDL+n26DL or n28highUL+n28highDL+n26DL
· For band n28UL rejection in band n26DL, a full band duplexer performance should be assumed.
· If only the lower 30MHz of n28 is supported, the second triplexer may be replaced by a band n28high duplexer. However, this does not change the requirements for CA_n26-n28

From an antenna bandwidth perspective, the two-antenna solution have both antennas supporting 191MHz.
For a three-antenna solution with:
· n26 duplexer on UL antenna 1 (80MHz)
· n28 dual duplexer on UL antenna 2 (100MHz)
· Switched n26DL+n28lowDL or n26DL+n28highDL on DL antenna 3 (191MHz)
· If only the lower 30MHz of n28 is supported, the second duplexer may be replaced by a band n28highDL filter. This does not change the requirements for CA_n26-n28
· This could be evaluated for lower UL bandwidth, but the benefits are unclear as this approach results in a higher number of filters (10 instead of 9) and one antenna still must support the 191MHz bandwidth.

Proposal on architecture:
· Architecture should support full band n28 for single band operation
· Even if some optimization is feasible with a n28 support reduced to the lower 30MHz for CA_n26-n28, the requirements should be based on an implementation that supports full band 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
· if only the low 30MHz n28 is supported the second triplexer is replaced by a n28high duplexer.
Delta T and Delta R
For CA_n26-n28, we can reuse inputs from CA_n18-n28 and CA_n5-n28 since the two later cases have already assumed co-banding of band 5, 18, 19 with n26 in our contributions. Thus, we propose to reuse CA_n5-n28 Delta T and Delta R.
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.


1UL and 2UL MSD scenarios
To evaluate the potential 1UL and 2UL for CA_n26-n28 with band n28 full (n28F) or the lower 30MHz (n28A), it is useful to compare existing cases for CA_n5-n28F and CA_n18-n28F and CA_n18-n28A. This can be done by observing the IMD landscape provided in Figure 1, and the related wanted UL RB allocation and its image IMDs overlaps for 5MHz and 30MHz n28DL for n28F or n28A scenarios that are collected in Table 3.

[image: ]
Figure 1: IMD landscape of n5, n18, n26 and n28 for n28F and n28A cases.
Table 3: Distance to n28 victim DL and IMD overlap for different UL and DL scenarios
	Band
	Max UL BW
	#RB
	Distance to (MHz)
	IMD overlap

	
	
	
	n28A
	n28F
	n28A 5MHz
	n28F 5MHz
	n28A 30MHz
	n28F 30MHz

	n26
	20MHz
	25
	26
	11
	IMD5/7
	IMD3
	IMD5/7
	IMD3/5/7

	n5
	20MHz
	20
	21
	36
	IMD5/7
	IMD5
	IMD5/7
	IMD5/7

	n18
	15MHz
	25
	17
	12
	IMD5/7
	IMD3/5
	IMD5/7
	IMD3/5/7

	n28A
	30MHz
	25
	25
	na
	na
	na
	IMD3/5
	na

	n28F
	30MHz
	25
	na
	10
	na
	na
	na
	IMD3/5



Observations for 1UL cases:
· The n28A 5MHz DL / n26 20MHz UL scenario is very similar to the n28F 5MHz DL / n5 20MHz UL case
· The n28F 5MHz DL / n26 20MHz UL scenario is very similar to the n28F 5MHz DL / n18 15MHz UL case
Observations for 2UL cases:
· The n28A 30MHz UL/DL / n26 20MHz UL scenario is very similar to the n28F 30MHz UL/DL / n5 20MHz UL case
· The n28F 30MHz UL/DL / n26 20MHz UL scenario can be derived from the n28F 5MHz DL / n18 15MHz UL and n28F 30MHz UL/DL / n5 20MHz UL case as the n18 enables the evaluation of n26 IMD3 while the CA_n5-n28 case provides an evaluation for the n26 IMD3 + n28 interference
To provide insight into the potential MSD issues depending on the scenario, we copy the relevant cross band MSD requirement for similar scenarios, as used for CA_n26-n28 in Table 4.
Table 4: Relevant cross band MSD scenarios for CA_n26-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)
	

	n18
	n28F
	822.5
	15
	15
	25 (RBstart=0)
	800.5
	5
	31.3
	ACLR1

	n18
	n28A
	822.5
	15
	15
	25 (RBstart=0)
	785.5
	5
	12.7
	ACLR2

	n5
	n28
	834
	20
	15
	20 (RBstart=0)
	800.5
	5
	17.5
	ACLR2

	n5
	n28
	834
	20
	15
	20 (RBstart=0)
	788
	30
	3.1
	ACLR2 from n5 UL band and ACLR1+ACLR2 from n28 UL band

	n28
	
	733
	30
	15
	25 (RBstart=135)
	
	
	
	



Observations for 1UL MSD:
· CA_n26-n28F 1UL MSD is anticipated to be >30dB (and possibly higher than 31.3dB as this is 1MHz closer than the n18 distance and n26 IMD3 peak is centred on the n28F 5MHz DL)
· CA_n26-n28A 1UL MSD is anticipated to be ~18dB (based on n5 UL cases and possibly higher since the n26 IMD5 is better centered on the n28A 5MHz DL versus the n5 IMD5) 
Observations for 2UL MSD:
· For CA_n26-n28F 2UL MSD is anticipated to be >6dB:
· n26 IMD3 interference will reduced by 9dB best case, from 23 to 25dBm
· n28 30MHz REFSENS is 20dB higher than for 5MHz
· the n28 + n26 IMD5 interference is similar to n28+n5, which results in 3.1dB MSD
· CA_n26-n28A 2UL MSD should be similar to the CA_n5-n28 case with approximately 3dB.
n28 spectrum assumptions and 1/ 2UL MSD test points
In RAN4#106b-e, the CA_n26-n28 proponent suggesting that using the lower 30MHz of band n28 for the CA_n26-n28 is appropriate. However, even in this country, the full band n28 is deployed, although this particular operator is only present in the lower 30MHz. Recently, we experienced a similar case with CA_n18-n28 where an operator had its spectrum overlap with the common part of n28A and n28B, while only n28B is deployed in Japan. It is not customary practice in RAN4 to derive a requirement only based on specific operator spectrum, as the requirement should be valid at least for a defined region. To support a generic requirement, but also provide a reasonable MSD for an aithentic operator deployment, it was decided to have two cross band MSD test points (both with the worst case CBW combination). This approach is still consistent with maximum two test point per band combination.
For CA_n26-n28, we propose to do the same and provide 1UL and 2UL cross band MSD test points and values for both n28F and n28A.
Proposal on 1UL MSD test points and preliminary values: see Table 5 below.
Table 5: 1UL cross band MSD for n28F and n28A
	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
	822.5
	20
	15
	25 (RBstart=0)
	800.5
	5
	[>30]
	ACLR1

	n26
	n28
	822.5
	20
	15
	25 (RBstart=0)
	785.5
	5
	[18]
	ACLR2



Proposal on 2UL MSD test points and preliminary values: see Table 6 below.
Table 6: 2UL cross band MSD for n28F and n28A
	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
	[>6]
	ACLR1 from n26 UL band and ACLR1+ACLR2 from n28 UL band

	n28
	
	733
	30
	15
	25 (RBstart=135)
	
	
	
	

	n26
	n28
	824
	20
	15
	25 (RBstart=0)
	773
	30
	[3]
	ACLR2 from n26 UL band and ACLR1+ACLR2 from n28 UL band

	n28
	
	718
	30
	15
	25 (RBstart=135)
	
	
	
	


Conclusions
In this contribution, we have discussed the requirements for CA_n26-n28 study and compared the different band n28 assumptions (full band or lower 30Mz) and make the following proposals.

Proposal on architecture:
· Architecture should support full band n28 for single band operation
· Even if some optimization is feasible with a n28 support reduced to the lower 30MHz for CA_n26-n28, the requirements should be based on an implementation that supports full band 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
· if only the low 30MHz n28 is supported the second triplexer is replaced by a n28high duplexer.
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 preliminary values: see Table 5 below.
Table 5: 1UL cross band MSD for n28F and n28A
	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
	822.5
	20
	15
	25 (RBstart=0)
	800.5
	5
	[>30]
	ACLR1

	n26
	n28
	822.5
	20
	15
	25 (RBstart=0)
	785.5
	5
	[18]
	ACLR2



Proposal on 2UL MSD test points and preliminary values: see Table 6 below.
Table 6: 2UL cross band MSD for n28F and n28A
	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
	[>6]
	ACLR1 from n26 UL band and ACLR1+ACLR2 from n28 UL band

	n28
	
	733
	30
	15
	25 (RBstart=135)
	
	
	
	

	n26
	n28
	824
	20
	15
	25 (RBstart=0)
	773
	30
	[3]
	ACLR2 from n26 UL band and ACLR1+ACLR2 from n28 UL band
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