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1	Background 
In RAN4#108, multiple companies contributed to CA_n26-n28 band combination [3, 4, 5, 6] and agreements captured in way forward [2], while the NR_700800900_combo_enh was updated with CR [1]. In this contribution, we discuss aspects that may have been omitted in the CA_n26-n28 study but more generally on the band n28 protection by n26.
2 Discussion
2.1 Current agreements on CA_n26-n28
Summary of agreements from [2] also captured in [2] for the TR.
<Way forward/Agreement>: following table is captured in 38.101-1
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



<Way forward/Agreement>: following table is captured in 38.101-1
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



<Way forward/Agreement>: the inputs from companies on both test points is captured in 38.872
following table is captured in 38.101-1
	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
	36.9
	ACLR1



<Way forward/Agreement>: no MSD is captured for n26 due to n28 UL
<Way forward/Agreement>: following table is captured in 38.101
	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)
	
	
	
	



With the above agreements, we have some of the necessary input for a CR to the 38.101-1 relating to CA_n26-n28. However, this combination revealed another potential issue with the protection of the band 28/n28 by band n26. In the following discussion, we provide our analysis and potential specification changes.
2.2 Current coexistence specifications for band n28 and n26
To understand the potential issue with band n26 protecting band n28, Figure 1 provides the frequency ranges and distances between band n26, band n28 and band 44. The gap between band n26 UL and band n28 or band 44 DL is only 11MHz. Thus, the 15 and 20MHz n26 ACLR1 regions overlap with their BL frequency range:
· The 15MHz channel has ACLR1 overlapping with 4MHz down to 799MHz
· The 20MHz channel has ACLR1 overlapping with 9MHz down to 794MHz.

[image: ]
Figure 1: Band n26 UL and band n28/44 DL frequency ranges with n26 15/20MHz CBW UL ACLR regions
In Table 3 below, we have reproduced the band n26 and n28 portion of the 38.101-1 single band coexistence table.

Table 3: Co-existence requirements for band n26 and n28
	NR Band
	Spurious emission for UE co-existence

	
	Protected band
	Frequency range (MHz)
	Maximum Level (dBm)
	MBW (MHz)
	NOTE

	n26
	E-UTRA Band 1, 2, 3, 4, 5, 11, 12, 13, 14, 17, 18,19, 21, 24, 25, 29, 30, 31, 34, 39, 40, 42, 43, 48, 50, 51, 65, 66, 70, 71, 73,74, 85, 103
	FDL_low
	-
	FDL_high
	-50
	1
	

	
	E-UTRA Band 41, 53, 54
NR Band n77, n78, n79
	FDL_low
	-
	FDL_high
	-50
	1
	2

	
	E-UTRA Band 26
	FDL_low
	-
	FDL_high
	-50
	1
	15

	
	Frequency range
	703
	-
	799
	-50
	1
	

	
	Frequency range
	799
	-
	803
	-40
	1
	15

	
	Frequency range
	945
	-
	960
	-50
	1
	

	
	Frequency range
	1884.5
	-
	1915.7
	-41
	0.3
	8

	n28, n83
	E-UTRA Band 1, 4,  22, 32, 42, 43, 50, 51, 65, 66, 74, 75, 76,
NR Band n77, n78, n100, n101
	FDL_low
	-
	FDL_high
	-50
	1
	2

	
	E-UTRA Band 1
	FDL_low
	-
	FDL_high
	-50
	1
	19, 25

	
	E-UTRA Band 2, 3, 5, 7, 8, 18, 19, 20, 25, 26, 27, 31, 34, 38, 39, 40, 41, 52, 72, 73
NR Band n79, n105
	FDL_low
	-
	FDL_high
	-50
	1
	

	
	E-UTRA Band 11, 21
	FDL_low
	-
	FDL_high
	-50
	1
	19, 24

	
	Frequency range
	470
	-
	694
	-42
	8
	15, 35

	
	Frequency range
	470
	-
	710
	-26.2
	6
	34

	
	Frequency range
	662
	-
	694
	-26.2
	6
	15

	
	Frequency range
	758
	-
	773
	-32
	1
	15

	
	Frequency range
	773
	-
	803
	-50
	1
	

	
	Frequency range
	1884.5
	-
	1915.7
	-41
	0.3
	8, 19

	NOTE 15:	These requirements also apply for the frequency ranges that are less than FOOB (MHz) in Table 6.5.3.1-1 from the edge of the channel bandwidth.



Band 26 is in the list of bands protected by n28 with -50dBm/MHz and is not an issue as Band n26 DL is far from Band n28 UL.
However, neither Band 44 nor Band n28 is part of the protected bands list of n26. Instead, the range highlighted in yellow which correspond to Band 44 DL has two regions protected with -50 or -40dBm/MHz.
Since the Band 44 DL overlaps with n28 DL, it is expected that the same protection levels can be applied to the band n28 DL in the 758-803MHz range.
It should be noted that the 799-803MHz range correspond to the exact ACLR1 overlap by the band n26 15MHz channel.
However, in NR band n26 has up to 20MHz UL, while LTE band 26 only has 15MHz.
Observation: Band n28 and band 44 DL have two level of protections:
· -50dBm/MHz in 703-799MHz
· -40dBm/MHz in 799-803MHz
· Note that this range seems to correspond to band 44 and not band n28 DL, but is overlapping
· Note that is seems to assume a maximum n26 UL CBW of 15MHz while it is now 20MHz.
· Band n26 protection ranges need to be updated for 20MHz CBW (for both PC3 and PC2)
· Band n26 protects the PHS range while Band n26 is not present in Japan => this should be removed
Proposal: To account for the band n26 20MHz channel, the two ranges of the protection levels corresponding to band n28 and LTE band 44 are updated to:
· -50dBm/MHz in 703-794MHz
· -40dBm/MHz in 794-803MHz
· This corresponds to changes highlighted in yellow in bellow table and are implemented in [7]
· Alternatively, the range can be made dependent on the UL CBW but that may add complexity for little benefit.
· This modification is also applied to the CA cases including n26.
Table 4: Updated co-existence requirements for band n26 and band n28
	NR Band
	Spurious emission for UE co-existence

	
	Protected band
	Frequency range (MHz)
	Maximum Level (dBm)
	MBW (MHz)
	NOTE

	n26
	E-UTRA Band 1, 2, 3, 4, 5, 11, 12, 13, 14, 17, 18,19, 21, 24, 25, 29, 30, 31, 34, 39, 40, 42, 43, 48, 50, 51, 65, 66, 70, 71, 73,74, 85, 103
	FDL_low
	-
	FDL_high
	-50
	1
	

	
	E-UTRA Band 41, 53, 54
NR Band n77, n78, n79
	FDL_low
	-
	FDL_high
	-50
	1
	2

	
	E-UTRA Band 26
	FDL_low
	-
	FDL_high
	-50
	1
	15

	
	Frequency range
	703
	-
	794
	-50
	1
	

	
	Frequency range
	794
	-
	803
	-40
	1
	15

	
	Frequency range
	945
	-
	960
	-50
	1
	

	
	Frequency range
	1884.5
	-
	1915.7
	-41
	0.3
	8

	n28, n83
	E-UTRA Band 1, 4,  22, 32, 42, 43, 50, 51, 65, 66, 74, 75, 76,
NR Band n77, n78, n100, n101
	FDL_low
	-
	FDL_high
	-50
	1
	2

	
	E-UTRA Band 1
	FDL_low
	-
	FDL_high
	-50
	1
	19, 25

	
	E-UTRA Band 2, 3, 5, 7, 8, 18, 19, 20, 25, 26, 27, 31, 34, 38, 39, 40, 41, 52, 72, 73
NR Band n79, n105
	FDL_low
	-
	FDL_high
	-50
	1
	

	
	E-UTRA Band 11, 21
	FDL_low
	-
	FDL_high
	-50
	1
	19, 24

	
	Frequency range
	470
	-
	694
	-42
	8
	15, 35

	
	Frequency range
	470
	-
	710
	-26.2
	6
	34

	
	Frequency range
	662
	-
	694
	-26.2
	6
	15

	
	Frequency range
	758
	-
	773
	-32
	1
	15

	
	Frequency range
	773
	-
	803
	-50
	1
	

	
	Frequency range
	1884.5
	-
	1915.7
	-41
	0.3
	8, 19


2.3 Meeting band n28 coexistence requirement for band n26
Assuming the 5MHz extension of the -40dBm/MHz relaxation is accepted, we can cross check how the requirements can be met:
· In the ACLR1 region, assuming MPR is allowed to meet the co-existence requirement, the part overlapping band n28 is guaranteed to meet the SEM requirement of -13dBm/MHz. Thus, to reach -40dBm/MHz, the band 26 filter shall provide at least 27dB of rejection in the 794-803MHz range.
· In the first 5MHz of ACLR2 region, assuming MPR is allowed to meet the co-existence requirement, the part overlapping band n28 is guaranteed to meet the SEM requirement of -25dBm/MHz. Thus, to reach -50dBm/MHz, the band 26 filter shall provide at least 25dB of rejection in the 789-794MHz range
· In the ACLR2 region beyond the first 5MHz, assuming MPR is allowed to meet the co-existence requirement, the part overlapping band n28 is guaranteed to meet the SEM requirement of -30dBm/MHz. Thus, to reach -50dBm/MHz, the band 26 filter shall provide at least 20dB of rejection in the 758-789MHz range.

In the case that the 5MHz extension of the -40dBm/MHz relaxation is not accepted, the -50dBm/MHz requirements in the 794-799MHz is harder to meet:
· In the ACLR1 region, assuming MPR is allowed to meet the co-existence requirement, the part overlapping band n28 is guaranteed to meet the SEM requirement of -13dBm/MHz. 
· Thus, to reach -40dBm/MHz above 799MHz, the band 26 filter shall provide at least 27dB of rejection in the 799-803MHz range.
· Thus, to reach -50dBm/MHz up to 799MHz, the band 26 filter shall provide at least 37dB of rejection in the 794-799MHz range.
· For ACLR2 the required filter performance is the same.

Observation: Depending on whether or not the 5MHz extension of the -40dBm/MHz protection level is accepted, the band n26 filter rejection needs to be 27dB or 37dB respectively in the 794-799MHz range
The n26UL to n28 DL isolation assumptions to DRX that were discussed for the cross-band MSD in [3,4,5,6] are listed here:
· 32dB in [3] at 11MHz offset, with an additional 4MHz offset some additional rejection is anticipated
· 30 or 38dB in [4] at 11MHz offset 
· 30-45dB in [5] but no justification on feasibility of a better filter
· 30dB in [6]

Observations:
· Based on the companies input on MSD, the 27dB rejection required for -40dBm/MHz protection is feasible
· 37dB may be achievable in some cases, but marginal.

Proposal: 
· If -40dBm/MHz protection is extended down to 794MHz MPR is sufficient
· If -40dBm/MHz protection is not extended down to 794MHz, A-MPR or RB restrictions need to be studied for band n26 20MHz CBW UL.
2.4 CA_n26-n28 band protection
When examining the band n26 and n28 band protection in Table 4 to derive the CA_n26-n28 requirement, the intersection rule is applied for the bands. However, for the frequency ranges, there a few aspects to consider:
· First the band n26 protects the entire band 44 range (703-803MHz) while this is overlapping band n28 UL, it is thus not feasible. Thus, the protection range should be n28 DL only: 758-803MHz with different protection levels for each sub-ranges (note that the range 758-773MHz is protected at -32dBm/MHz and correspond to a 25MHz band n28 UL ACLR1 region).
· Second the band n28 protects a number of frequency ranges below 710MHz but that are not protected in Regions where band n26 is present and where DTT channels have been removed and where Band n71 is used instead. Those frequency ranges are thus ignored.

Proposal: CA-n26-n28 only protects the n28DL range with different values per sub-ranges as shown in Table below.

	NR CA combination
	Spurious emission

	
	Protected Band
	Frequency range (MHz)
	Maximum Level (dBm)
	MBW (MHz)
	NOTE

	CA_n26-n28
	Frequency range
	758
	-
	773
	-32
	1
	4

	
	Frequency range
	773
	-
	794
	-50
	1
	

	
	Frequency range
	794
	-
	803
	-40
	1
	4

	
	Frequency range
	1884.5
	-
	1915.7
	-41
	0.3
	3



3 Conclusion
In this contribution, we discussed the issue with band n28 protection by 20MHZ CBW n26 UL and make the following proposals.
Proposal: To account for the band n26 20MHz channel, the two ranges of the protection levels corresponding to band n28 and LTE band 44 are updated to:
· -50dBm/MHz in 703-794MHz
· -40dBm/MHz in 794-803MHz
· This corresponds to changes highlighted in yellow in bellow table and are implemented in [7]
· Alternatively, the range can be made dependent on the UL CBW but that may add complexity for little benefit.
· This modification is also applied to the CA cases including n26.
Table 4: Updated co-existence requirements for band n26 and band n28
	NR Band
	Spurious emission for UE co-existence

	
	Protected band
	Frequency range (MHz)
	Maximum Level (dBm)
	MBW (MHz)
	NOTE

	n26
	E-UTRA Band 1, 2, 3, 4, 5, 11, 12, 13, 14, 17, 18,19, 21, 24, 25, 29, 30, 31, 34, 39, 40, 42, 43, 48, 50, 51, 65, 66, 70, 71, 73,74, 85, 103
	FDL_low
	-
	FDL_high
	-50
	1
	

	
	E-UTRA Band 41, 53, 54
NR Band n77, n78, n79
	FDL_low
	-
	FDL_high
	-50
	1
	2

	
	E-UTRA Band 26
	FDL_low
	-
	FDL_high
	-50
	1
	15

	
	Frequency range
	703
	-
	794
	-50
	1
	

	
	Frequency range
	794
	-
	803
	-40
	1
	15

	
	Frequency range
	945
	-
	960
	-50
	1
	

	
	Frequency range
	1884.5
	-
	1915.7
	-41
	0.3
	8



Proposal: 
· If -40dBm/MHz protection is extended down to 794MHz MPR is sufficient
· If -40dBm/MHz protection is not extended down to 794MHz, A-MPR or RB restrictions need to be studied for band n26 20MHz CBW UL.

Proposal: CA-n26-n28 only protects the n28DL range with different values per sub-ranges as shown in Table below.

	NR CA combination
	Spurious emission

	
	Protected Band
	Frequency range (MHz)
	Maximum Level (dBm)
	MBW (MHz)
	NOTE

	CA_n26-n28
	Frequency range
	758
	-
	773
	-32
	1
	4

	
	Frequency range
	773
	-
	794
	-50
	1
	

	
	Frequency range
	794
	-
	803
	-40
	1
	4

	
	Frequency range
	1884.5
	-
	1915.7
	-41
	0.3
	3
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