[bookmark: OLE_LINK146][bookmark: OLE_LINK147][bookmark: OLE_LINK9][bookmark: OLE_LINK41][bookmark: OLE_LINK40][bookmark: _Ref399006623][bookmark: _Toc92513360]3GPP TSG-RAN WG4 Meeting #104-bis-e                           R4-2216072
Electronic Meeting, 10 October– 19 October, 2022

Source: 	Huawei, HiSilicon
Title: 	TP and discussion on CA_n5-n8
Agenda Item:	6.2.2.2
[bookmark: _GoBack]Document for:	Approval
Introduction
In RAN#96e meeting, a WF [1] was approved with the following outcomes. 
1) Spectrum restriction assumption for the analysis
Agreement:
· UE should support the full range of spectrum for single band operations on both n5 and n8
· Use the following frequency ranges for further discussion for spectrum restriction to support uplink CA_n5-n8.

	
	UL
	DL

	Frequency 1 (800MHz)
	824MHz - 835MHz
	869MHz - 880MHz

	Frequency 2 (900MHz)
	904MHz - 915MHz
	949MHz - 960MHz



2) UE RF architecture assumption
The following UE RF architectures can be assumed in the future meetings’ analysis for CA_n5-n8.
2 antenna, 3 antenna. The antenna number is the total number of antennas to support Main UL/DL and diversity DL for all bands.
3) CBW assumption
The following is the assumption of BCS0:
n5: {5,10}MHz, n8{5, 10}MHz
4) RF parameters assumption
Continue the RF parameters discussion when the UE RF architecture and CBW are agreed.
5) Feasibility issues need to be analysed
The following issues will be analyzed in the feasibility study.
· The MSD due to IMD and cross band isolation. 
· The impact on n5 out-of-band blocking requirement.

6) Other observations and proposals
The following RF requirement framework applies to CA_n5-n8, CA_n5-n8 and CA_n8-n20-28.
· Operating bands for CA
· Channel bandwidths per operating band for CA
· UE co-existence requirement
· ∆TIB and ∆RIB values
· REFSENS requirements (MSD)
· Maximum output power
7) UL configuration
The CBW of UL configuration CA_n5-n8 is the same as the DL. The same RB allocation with single band REFSENS UL configuration is considered as the starting point.
We analyzed and summarized all the RF requirements for CA_n5-n8. In this paper, we provide the following text proposals to be captured into TR.
References
[1] R4-2214445, WF on study on FS_NR_700800900, CATT
Text proposal
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The following UE RF architectures can be assumed in the future meetings’ analysis for CA_n5-n8
2 antenna, 3 antenna. The antenna number is the total number of antennas to support Main UL/DL and diversity DL for all bands.
The reference RF architecture with three low band antennas for CA_n5-n8 is shown as below.
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Figure 5.X.1-1:  The reference RF architecture with three low band antennas for CA_n5-n8


5.X.2	Common for 1 band UL and 2 bands UL of CA_n5-n8
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Since UL band n8 is overlapping with DL band n5, the frequency ranges for CA_n5-n8 need to be restricted. A solution with specific capability indication can be considered in case operators may have a different demand about frequency range restriction in the future.
Table 5.X.2.1-1:  CA band combination of band n5+n8
	[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
	

	n5
	824 MHz
	–
	835 MHz
	869 MHz
	–
	880 MHz
	FDD

	n8
	904 MHz
	–
	915 MHz
	949 MHz
	–
	960 MHz
	FDD

	



[bookmark: _Toc109047240]5.X.2.2	Channel bandwidths per operating band for CA
Based on WF R4-2214445, BCS0 for CA_n5A-n8A can be specified as below.
Table 5.X.2.2-1: Supported bandwidths per CA band combination of band n5+n6
	NR CA configuration
	Uplink CA configuration or single uplink carrier
	NR Band
	Channel bandwidth (MHz)
	Bandwidth combination set

	CA_n5A-n8A
	CA_n5A-n8A
	n5
	5, 10
	0

	
	
	n8
	5, 10
	



[bookmark: _Toc109047241]5.X.2.3	UE co-existence studies
Table 5.X.2.3-1/2 summarizes frequency ranges where harmonics and/or harmonics mixing occur for CA_n5-n8.
Table 5.X.2.3-1: Impact of UL/DL Harmonic 
	
	
	
	
	
	2nd Harmonic
	3rd Harmonic
	4th Harmonic
	5th Harmonic

	Band
	UL Low Band Edge
	UL High Band Edge
	DL Low Band Edge
	DL High Band Edge
	UL Low Band Edge
	UL High Band Edge
	UL Low Band Edge
	UL High Band Edge
	UL Low Band Edge
	UL High Band Edge
	UL Low Band Edge
	UL High Band Edge

	n5
	824
	849
	869
	894
	1648
	1698
	2472
	2547
	3296
	3396
	4120
	4245

	n8
	880
	915
	925
	960
	1760
	1830
	2640
	2745
	3520
	3660
	4400
	4575



Table 5.X.2.3-2: Impact of UL/DL Harmonic mixing
	
	
	
	
	
	2nd Harmonic
	3rd Harmonic
	4th Harmonic
	5th Harmonic

	Band
	UL Low Band Edge
	UL High Band Edge
	DL Low Band Edge
	DL High Band Edge
	DL Low Band Edge
	DL High Band Edge
	DL Low Band Edge
	DL High Band Edge
	DL Low Band Edge
	DL High Band Edge
	DL Low Band Edge
	DL High Band Edge

	n5
	824
	849
	869
	894
	1738
	1788
	2607
	2682
	3476
	3576
	4345
	4470

	n8
	880
	915
	925
	960
	1850
	1920
	2775
	2880
	3700
	3840
	4625
	4800



Based on the analysis above, there is no need to specify harmonics and harmonics mixing exception for CA_n5-n8 as we didn’t specify them in current spec.
[bookmark: _Toc109047242]5.X.2.4	∆TIB,c and ∆RIB,c values
For CA_n5-n8, the TIB,c and RIB,c are given in the tables below.
Table 5.X.2.4-1: ΔTIB,c
	Inter-band CA Configuration
	NR Band
	ΔTIB,c [dB]

	CA_n5-n8
	n5
	FFS

	
	n8
	FFS



Table 5.X.2.4-2: ΔRIB,c
	Inter-band CA Configuration
	NR Band
	ΔRIB,c [dB]

	CA_n5-n8
	n5
	FFS

	
	n8
	FFS


[bookmark: _Toc109047243]5.X.2.5	REFSENS requirements
As CA_n5-n8 has been specified into current spec TS 38.101-1, there is no harmonics and harmonics mixing exception. 
The REFSENS exception due to cross band isolation for CA_n5-n8 can be specified as below.
Table 5.X.2.5-1: Reference sensitivity exceptions (MSD) and uplink/downlink configurations due to cross band isolation from a PC3 aggressor NR UL band for NR CA FR1
	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)
	

	n8
	n5
	909
	10
	15
	25 (RBstart=0)
	877.5
	5
	FFS
	>ACLR2



The following terminology is used to define the source of cross-band isolation interference: 
· “ACLR1” indicates that the first adjacent channel of the aggressor UL band falls into the Rx channel of victim band.
· “ACLR2” indicates that the second adjacent channel of the aggressor UL band falls into the Rx channel of victim band. 
· “>ACLR2” indicates that neither the first, nor the second adjacent channel of the aggressor UL band falls into the Rx channel of victim band.
[bookmark: _Toc109047245]5.X.3	Specific for 2 bands UL of CA_n5-n8
[bookmark: _Toc109047246]5.X.3.1	Maximum output power for inter-band CA
Table 5.X.3.1-1: UE Power Class for uplink inter-band CA
	Uplink CA Configuration
	Class 3 (dBm)
	Tolerance (dB)	

	CA_n5A-n8A
	23
	+2/-3



[bookmark: _Toc109047247]5.X.3.2	UE co-existence studies
Table 5.X.3.2-1 lists Band n5 + Band n8 2UL bands CA 2nd, 3rd, 4th and 5th order IMD for the UE-to-UE coexistence analysis.
Table 5.X.3.2-1: Band n5 and Band n8 UL IMD products with frequency range restriction
	UE UL carriers
	fx_low
	fx_high
	fy_low
	fy_high

	UL frequency (MHz)
	824
	835
	904
	915

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

	IMD frequency limits (MHz)
	69
	91
	1728
	1750

	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)
	733
	766
	973
	1006

	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)
	2552
	2585
	2632
	2665

	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)
	1557
	1601
	1877
	1921

	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)
	3376
	3420
	3536
	3580

	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)
	182
	138
	3456
	3500

	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)
	2836
	2781
	2436
	2381

	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)
	1097
	1042
	697
	642

	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)
	4440
	4495
	4200
	4255

	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)
	4360
	4415
	4280
	4335



Based on Table 5.X.3.2-1, there is no IMD issue for CA_n5-n8 with the following frequency range restriction. 
n5	UL: 824 MHz	–	835 MHz	DL: 869 MHz	–	880 MHz; 
n8	UL: 904 MHz	–	915 MHz	DL: 949 MHz	–	960 MHz.
Table 5.X.3.2-2 lists the protected bands required for the 2UL bands CA configuration.
Table 5.X.3.2-2: 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_n5-n8
	E-UTRA Band 1, 28, 31, 34, 38, 40, 45, 50, 51, 65, 73, 74
	FDL_low
	-
	FDL_high
	-50
	1
	

	
	E-UTRA Band 3, 7, 41, 42, 43, 52
NR Band n77, n78, n79
	FDL_low
	-
	FDL_high
	-50
	1
	2

	
	E-UTRA Band 8
	FDL_low
	-
	FDL_high
	-50
	1
	4

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

	
	Frequency range
	1884.5
	-
	1915.7
	-41
	0.3
	3

	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.




[bookmark: _Toc109047248]5.X.3.3	REFSENS requirements
There is no need to specify REFSENS exception due to IMD interference for CA_n5-n8.
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