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[bookmark: OLE_LINK6][bookmark: OLE_LINK7]<<Start of Change for TR 38.872>>
5.6.3	Common for 1 band UL and 2 bands UL of CA_n26-n28
5.6.3.1	Operating bands for CA
Table 5.6.3.1-1:  CA band combination of band n26+n28
	[bookmark: OLE_LINK2]NR Band
	Uplink (UL) band
	Downlink (DL) band
	Duplex
mode

	
	BS receive / UE transmit
	BS transmit / UE receive
	

	
	FUL_low – FUL_high
	FDL_low – FDL_high
	

	n26
	814 MHz
	–
	849 MHz
	859 MHz
	–
	894 MHz
	FDD

	n28
	703 MHz
	–
	748 MHz
	758 MHz
	–
	803 MHz
	FDD



A note may be needed if case 1 is considered for CA_n26-n28, e.g. band n28 is restricted at lower 30MHz (UL: 703~733MHz, DL: 758~788MHz).
In addition, referring to the contribution R4-2309358, the following options about different frequency range restrictions are listed to trade-off the pros and cons. From a high level perspective, based on the proponent operator’s feedback, one possibility is that RAN4 move forward with option 4 (i.e. both options 1 and 3 being captured in the specification) which would allow maximum implementation flexibility.
		Option 1 Keep current CA_n26A-n28A with entire n28 frequency range and specify n26 UL and UL CA support for entire frequency range
		Option 2 Modify current CA_n26A-n28A to include only lower 30MHz of n28 and specify n26 UL and UL CA support for lower 30MHz frequency range
		Option 3 Keep current CA_n26A-n28A with entire n28 frequency range and specify n26 UL and UL CA support for lower 30MHz frequency range
		Option 4 Combination of options 1 and 3
5.6.3.2	Channel bandwidths per operating band for CA
Referring to table 5.5A.3.1-1h of TS 38.101-1, DL_n26A-n28A_BCS0 and BCS1 has been specified
5.6.3.3	Identify the potential MSD issues due to harmonic/harmonic mixing/cross band isolation
There is no need to specify harmonics and harmonics mixing exception for CA_n26-n28 as we didn’t specify them in current spec.
For cross band isolation issue:
Case 1: The 2nd adjacent channel leakage from band n26 may fall into band DL frequency range (774~788) when 20MHz UL CBW is assumed for band n26.
Case 2: the 1st adjacent channel leakage from band n26 may fall into n28 DL frequency range (796~803) when 20MHz UL CBW is assumed for band n26.
5.6.3.4	∆TIB,c and ∆RIB,c values
Option 1 is proposed based on the agreed Delta Tib and Rib values for CA_n5-n28 in WF R4-2306468 which can be reused for CA_n26-n28.
Option 2 is proposed in the contribution R4-2309358.
Table 5.6.3.4-1: ΔTIB,c
	Inter-band CA Configuration
	NR Band
	ΔTIB,c [dB] option 1
	ΔTIB,c [dB] option 2

	CA_n26A-n28A
	n26
	0.7
	0.5

	
	n28
	0.7
	0.5


Table 5.6.3.4-2: ΔRIB,c
	Inter-band CA Configuration
	NR Band
	ΔRIB,c [dB] option 1
	ΔRIB,c [dB] option 2

	CA_n26A-n28A
	n26
	0.2
	0.3

	
	n28
	0.2
	0.3



5.6.3.5	REFSENS exception evaluation for one UL band
1) Referring to the contribution R4-2308583, the following band n28A MSD evaluations, assuming 35dB and 45dB Tx filter rejection of band n26.
Table 5.6.3.5-1: band n28A MSD evaluations due to cross band isolation 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)
	

	n26
	n28A
	824
	20
	15
	25 (RBstart=0)
	785.5
	5
	25.6
	ACLR2

	n26
	n28A
	824
	20
	15
	25 (RBstart=0)
	785.5
	5
	15.9
	ACLR2



Referring to the contribution R4-2308583, we have the following band n28B MSD evaluations, assuming filter performance with set 1 and set 2 in Table 5.6.3.5-3.
Table 5.6.3.5-2: band n28B MSD evaluations due to cross band isolation 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)
	

	n26
	n28B
	824
	20
	15
	25 (RBstart=0)
	801.5
	5
	45.9 (Set 1)
	ACLR1

	n26
	n28B
	824
	20
	15
	25 (RBstart=0)
	801.5
	5
	28.5 (Set 2)
	ACLR1



Table 5.6.3.5-3: Filter performance assumption
	
	Set 1
	Set 2

	n28B Rx filter rejection at 814~849MHz
	12 dB
	33 dB

	n26 Tx filter rejection at 773~803MHz
	35 dB
	45 dB



2) Referring to the contribution R4-2307477, the following analysis were provided.
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 5.6.3.5-1, 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 5.6.3.3-4.
In addition, 1UL cross band MSD for n28F and n28A were proposed in 1UL cross band MSD for n28F and n28A.

[image: ]
Figure 5.6.3.5-1: IMD landscape of n5, n18, n26 and n28 for n28F and n28A cases.
Table 5.6.3.5-4: 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


Table 5.6.3.5-5: 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



3) Referring to the contribution R4-2309358, the technical analysis for two cases (case 1: n28 Cross-band MSD for lower 30MHz of n28 / case 2: n28 Cross-band MSD for entire n28) are shown below.
Table 5.6.3.5-6: Cross-band MSD for lower 30MHz of n28
[image: ]
Table 5.6.3.5-7: n28 Cross-band MSD for entire n28
[image: ]
It’s observed that MSD is about 15-20dB higher if the entire n28 must be supported, compared to case when only lower 30MHz of n28 is supported.
Table 5.6.3.5-8: n28 Cross-band MSD test point for lower 30MHz of n28 and entire 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)
	785.5
	5
	17.0
	ACLR2

	n26
	n28
	824
	20
	15
	25 (RBstart=0)
	800.5
	5
	33.7
	ACLR




5.6.4	Specific for 2 bands UL of CA_n26-n28
5.6.4.1	Maximum output power for inter-band CA
Power class 3 is assumed for UL CA_n26-n28

5.6.4.2	UE co-existence studies
Table 5.6.4.2-1 lists Band n26 + Band n28 2UL bands CA 2nd, 3rd, 4th and 5th order IMD for the UE-to-UE coexistence analysis.
Table 5.6.4.2-1: Band n26 and Band n28 UL IMD products
	UE UL carriers
	fx_low
	fx_high
	fy_low
	fy_high

	UL frequency (MHz)
	814
	849
	703
	748

	2nd order IMD products
	|fy_low – fx_high|
	|fy_high – fx_low|
	|fy_low + fx_low|
	|fy_high + fx_high|

	IMD frequency limits (MHz)
	146
	66
	1517
	1597

	Two-tone 3rd order IMD products
	|2*fx_low – fy_high|
	|2*fx_high – fy_low|
	|2*fy_low – fx_high|
	|2*fy_high – fx_low|

	IMD frequency limits (MHz)
	880
	995
	557
	682

	Two-tone 3rd order IMD products
	|2*fx_low + fy_low|
	|2*fx_high + fy_high|
	|2*fy_low + fx_low|
	|2*fy_high + fx_high|

	IMD frequency limits (MHz)
	2331
	2446
	2220
	2345

	Two-tone 4th order IMD products
	|3*fx_low –1* fy_high|
	|3*fx_high – 1*fy_low|
	|3*fy_low – 1*fx_high|
	|3*fy_high – 1*fx_low|

	IMD frequency limits (MHz)
	1694
	1844
	1260
	1430

	Two-tone 4th order IMD products
	|3*fx_low +1* fy_low|
	|3*fx_high + 1*fy_high|
	|3*fy_low + 1*fx_low|
	|3*fy_high + 1*fx_high|

	IMD frequency limits (MHz)
	3145
	3295
	2923
	3093

	Two-tone 4th order IMD products
	|2*fx_low –2* fy_high|
	|2*fx_high –2* fy_low|
	|2*fx_low +2* fy_low|
	|2*fx_high +2* fy_high|

	IMD frequency limits (MHz)
	132
	292
	3034
	3194

	Two-tone 5th order IMD products
	|fx_low – 4*fy_high|
	|fx_high – 4*fy_low|
	|fy_low – 4*fx_high|
	|fy_high – 4*fx_low|

	IMD frequency limits (MHz)
	2178
	1963
	2693
	2508

	Two-tone 5th order IMD products
	|2*fx_low - 3*fy_high|
	|2*fx_high - 3*fy_low|
	|2*fy_low - 3*fx_high|
	|2*fy_high -3*fx_low|

	IMD frequency limits (MHz)
	616
	411
	1141
	946

	Two-tone 5th order IMD products
	|fx_low + 4*fy_low|
	|fx_high + 4*fy_high|
	|fy_low + 4*fx_low|
	|fy_high + 4*fx_high|

	IMD frequency limits (MHz)
	3626
	3841
	3959
	4144

	Two-tone 5th order IMD products
	|2*fx_low + 3*fy_low|
	|2*fx_high + 3*fy_high|
	|2*fy_low + 3*fx_low|
	|2*fy_high + 3*fx_high|

	IMD frequency limits (MHz)
	3737
	3942
	3848
	4043



3rd order IMD may also fall into Rx frequencies of bands n26 when both Band n26 and Band n28 transmit the UL signals.
Table 5.6.4.2-2: Protected bands for the 2UL bands CA configuration
	NR CA Configuration
	Spurious emission 

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

	CA_n26-n28
	E-UTRA Band 2, 3, 5, 18, 19, 25, 26, 31, 34, 40, 73
NR Band n79
	FDL_low
	-
	FDL_high
	-50
	
	

	
	E-UTRA Band 4, 41, 42, 43, 50, 51, 52, 65, 66, 74
NR Band n77, n78, n79
	FDL_low
	-
	FDL_high
	-50
	1
	2

	
	E-UTRA Band 1
	FDL_low
	-
	FDL_high
	-50
	1
	2, 11, 15

	
	E-UTRA Band 11, 21
	FDL_low
	-
	FDL_high
	-50
	1
	2, 11, 12

	
	Frequency range
	1884.5
	-
	1915.7
	-41
	0.3
	3, 11

	
	Frequency range
	470
	-
	694
	-42
	8
	4, 14

	
	Frequency range
	470
	-
	710
	-26.2
	6
	13

	
	Frequency range
	662
	-
	694
	-26.2
	6
	4

	
	Frequency range
	758
	-
	773
	-32
	1
	4

	
	Frequency range
	773
	-
	799
	-50
	1
	

	
	Frequency range
	799
	-
	803
	-40
	1
	4

	
	Frequency range
	945
	-
	960
	-50
	1
	

	NOTE 2:	As exceptions, measurements with a level up to the applicable requirements defined in Table 6.5.3.1-2 are permitted for each assigned NR carrier used in the measurement due to 2nd, 3rd, 4th or 5th harmonic spurious emissions. Due to spreading of the harmonic emission the exception is also allowed for the first 1 MHz frequency range immediately outside the harmonic emission on both sides of the harmonic emission. This results in an overall exception interval centred at the harmonic emission of (2 MHz + N x LCRB x 180kHz), where N is 2, 3, 4, 5 for the 2nd, 3rd, 4th or 5th harmonic respectively. The exception is allowed if the measurement bandwidth (MBW) totally or partially overlaps the overall exception interval.
NOTE 3:	Applicable when co-existence with PHS system operating in 1884.5 -1915.7 MHz
NOTE 4:	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.
NOTE 11:	Applicable when the assigned NR carrier is confined within 718 MHz and 748 MHz and when the channel bandwidth used is 5 or 10 MHz.
NOTE 12:	As exceptions, measurements with a level up to the applicable requirement of -38 dBm/MHz is permitted for each assigned NR carrier used in the measurement due to 2nd harmonic spurious emissions. An exception is allowed if there is at least one individual RB within the transmission bandwidth (see Figure 5.3.1-1) for which the 2nd harmonic totally or partially overlaps the measurement bandwidth (MBW).
NOTE 13:	This requirement is applicable for 5 and 10 MHz NR channel bandwidth allocated within 718 - 728 MHz. For carriers of 10 MHz bandwidth, this requirement applies for an uplink transmission bandwidth less than or equal to 30 RB with RBstart > 1 and Rbstart < 48.
NOTE 14:	This requirement is applicable in the case of a 10 MHz NR carrier confined within 703 MHz and 733 MHz, otherwise the requirement of -25 dBm with a measurement bandwidth of 8 MHz applies.
NOTE 15:	As exceptions, measurements with a level up to the applicable requirement of -36 dBm/MHz is permitted for each assigned E-UTRA carrier used in the measurement due to 3rd harmonic spurious emissions. An exception is allowed if there is at least one individual RB within the transmission bandwidth (see Figure 5.6-1) for which the 3rd harmonic totally or partially overlaps the measurement bandwidth (MBW).




5.6.4.3	REFSENS exception evaluation for two UL band
1) MSD due to IMD
If the following test frequency range was assumed, we can calculate the frequency range which is hit by IMD3 from UL CA_n26-n28 as 880~895 MHz. It can be observed the IMD3 missed the DL channel of band n26 by 5MHz.
n26: UL 814~819	DL 859~864
n28: UL 743~748	DL 798~803
IMD3 range is 880~895 MHz
That means there is no direct test frequency point which can be found for IMD3 MSD definition.
2) MSD due to two UL cross band isolation
Even if the performance of duplexer/filter’s isolation can be guaranteed by one UL cross band isolation MSD, two PA linearity performance should be guaranteed simultaneously by two UL cross band isolation MSD requirements especially for the case that two 1st / 2nd adjacent channel interferences from two different UL aggressor bands hit the DL part of victim band. The following test points were proposed in contribution R4-2307477 for further discussion.
Table 5.6.4.3-1: 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)
	
	
	
	



<<End of Change>>
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