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[bookmark: OLE_LINK7][bookmark: OLE_LINK6]<<Start of Change for TR 38.872>>
[bookmark: _Toc129096959]1	Scope
The present document is the technical report for the study on enhancement for 700/800/900MHz band combinations [2] and sub-1GHz NR band combinations [5] under R18 time frame. The purpose is to gather the relevant background information and studies in order to address the study on enhancement for 600/700/800/900MHz band combinations in Table 1-1.
Table 1-1: Band combinations in the SI
	Configuration
	Uplink configuration

	CA_n8-n20-n28
	CA_n8-n20, CA_n8-n28, CA_n20-n28

	CA_n5-n8
	CA_n5-n8

	CA_n5-n28
	CA_n5-n28

	CA_n5A-n105A
	CA_n5A-n105A

	CA_n28A-n105A
	single UL in either n28 or n105

	CA_n26A-n28A
	CA_n26A-n28A

	CA_n5A-n28A-n105A
	CA_n5A-n28A

	CA_n5A-n28A-n105A
	CA_n5A-n105A

	CA_n5A-n28A-n105A
	single UL in either n28 or n105



<<Next of Change>>
2	References
The following documents contain provisions which, through reference in this text, constitute provisions of the present document.
-	References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.
-	For a specific reference, subsequent revisions do not apply.
-	For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.
[1]	3GPP TR 21.905: "Vocabulary for 3GPP Specifications".
[2]	RP-221464, “Revised SI: Study on enhancement for 700/800/900MHz band combinations for NR”, RAN#96
[3]	TS 38.101-1
[4]	TS 38.101-3
[5]	RP-230789, “ Study on enhancement for sub-1Ghz NR band combinations”. RAN 99
[6]	3GPP TR 38 892 , APT 600 MHz NR band.
[7]	R4-2308581, Discussion on RF architecture and potential MSD issues for CA_n5-n105, Huawei, HiSilicon, Spark NZ
[8]	R4-2309299, Input on CA_n5-n105 cross-band MSD and DeltaT/R, Skyworks Solutions Inc.
[9]	R4-2309356, Considerations on CA_n5-n105, Qualcomm France
[10]	R4-2309358, Considerations on CA_n26-n28, Qualcomm France
[11]	R4-2306468, WF on CA_n5-n28 and CA_n8-n20-n28, Huawei, HiSilicon
[12]	R4-2308583, Discussion on RF architecture and potential MSD issues for CA_n26-n28, Huawei, HiSilicon
[13]	R4-2307477, Input on CA_n26-n28 requirements, Skyworks Solutions Inc.
[14] 	R4-2306470, WF on RF architecture and critical issues for CA_n28-n105

<<Next of Change>>
[bookmark: _Toc129096961][bookmark: _Toc130385474][bookmark: _Toc130387265][bookmark: _Toc130388753]3	Definitions of terms, symbols and abbreviations
[bookmark: _Toc129096962][bookmark: _Toc130385475][bookmark: _Toc130387266][bookmark: _Toc130388754]3.1	Terms
For the purposes of the present document, the terms given in TR 21.905 [1] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in TR 21.905 [1].
<defined term>: <definition>.
[bookmark: _Toc129096963][bookmark: _Toc130385476][bookmark: _Toc130387267][bookmark: _Toc130388755]3.2	Symbols
For the purposes of the present document, the following symbols apply:
ΔRIB,c	Allowed reference sensitivity relaxation due to support for inter-band CA operation, for serving cell c
ΔTIB,c	Allowed maximum configured output power relaxation due to support for inter-band CA operation, inter-band NR-DC operation and due to support for SUL operations, for serving cell c

[bookmark: _Toc129096964][bookmark: _Toc130385477][bookmark: _Toc130387268][bookmark: _Toc130388756]3.3	Abbreviations
For the purposes of the present document, the abbreviations given in TR 21.905 [1] and the following apply. An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in TR 21.905 [1].
MRC	Maximum Ratio Combining
MSD	Maximum Sensitivity Degradation
RB	Resource Block
UE	User Equipment



<<Next of Change>>
[bookmark: _Toc129096965][bookmark: _Toc106124514][bookmark: _Toc519110865][bookmark: _Toc3210][bookmark: _Toc47701679][bookmark: _Toc18550][bookmark: _Toc18056][bookmark: _Toc104559166][bookmark: _Toc4387][bookmark: _Toc27221]4	Background
In RAN#95e, SI “enhancement for 700800900MHz band combinations” was approved. The objectives of SI are as follows:
1	Investigate the feasibility and solutions to enable simultaneous transmission on two UL bands and simultaneous reception on two or three bands for the band combination of 700, 800 and 900MHz spectrum for smart phone form factor
2	The following band combinations will be considered. And the feasibility study on three band combination will start after the completion of feasibility study of all the fallback band combinations.

-	CA_n8-n20-n28 with uplink configurations of CA_n8-n20, CA_n8-n28, CA_n20-n28, and the fallback modes 
-	CA_n5-n8 with uplink configuration of CA_n5-n8, and the fallback modes
Note1: Spectrum restrictions should be studied to solve overlap of band n5 downlink and band n8 uplink
Note2: The current filter is used as the baseline. Further study whether or not to have new solutions.
-	CA_n5-n28 (full range) with uplink configuration of CA_n5-n28.
In RAN 99 a new SI [5] was approved.  This SI concerns the consideration of the APT 600 MHz band  (n105) that has been recently has been introduced into 3GPP specifications [6]. After the completion of APT 600MHz band, operators have the further demands to combine this 600MHz band with other sub-1GHz bands together to achieve a good performance for the real deployment. However, some challenges were identified for a device with a smart phone form factor to support the combinations of those low bands including 600MHz band. For example, UE RF architecture need to be further studied due to larger antenna size for 600MHz band and some RF requirements need to be evaluated, e.g. MSD. The previous SI on Enhancement for 700/800/900MHz band combinations didn’t include the evaluation and studies for 600MHz band. Additionally band 26 is also considered.

Summary of band combinations considered in the SI
	Configuration
	Uplink configuration
	Supported operators
	The status of fallback mode

	CA_n8-n20-n28
	CA_n8-n20, CA_n8-n28, CA_n20-n28
	Vodafone, Telecom Italia, Orange, Deutsche Telekom
	

	CA_n5-n8
	CA_n5-n8
	China Telecom, Spark NZ, China Unicom
	

	CA_n5-n28
	CA_n5-n28
	Spark NZ
	

	CA_n5A-n105A
	CA_n5A-n105A
	Spark NZ
	DL_n5A-n105A_UL_n5A_BCS0 (New)
DL_n5A-n105A_UL_n105A_BCS0 (New)

	CA_n28A-n105A
	CA_n28A-n105A
	Spark NZ
	DL_n28A-n105A_UL_n28A_BCS0 (New)
DL_n28A-n105A_UL_n105A_BCS0 (New)

	CA_n26A-n28A
	CA_n26A-n28A
	Telstra
	DL_n26A-n28A_UL_n28A_BCS0 (Completed in RAN4#106)
DL_n26A-n28A_UL_n26A_BCS0 (New)

	CA_n5A-n28A-n105A1
	CA_n5A-n28A
	Spark NZ
	DL_n5A-n28A_UL_n5A-n28A_BCS0 (Ongoing in a separate WI)
DL_n5A-n28A-n105A_UL_n5A_BCS0 (New)
DL_n5A-n28A-n105A_UL_n28A_BCS0 (New)

	CA_n5A-n28A-n105A1
	CA_n5A-n105A
	Spark NZ
	DL_n5A-n105A_UL_n5A-n105A_BCS0 (New)
DL_n5A-n28A-n105A_UL_n5A_BCS0 (New)
DL_n5A-n28A-n105A_UL_n105A_BCS0 (New)

	CA_n5A-n28A-n105A1
	CA_n28A-n105A
	Spark NZ
	DL_n28A-n105A_UL_n28A-n105A_BCS0 (New)
DL_n5A-n28A-n105A_UL_n28A_BCS0 (New)
DL_n5A-n28A-n105A_UL_n105A_BCS0 (New)



NOTE 1: The study of 3 band combination can only start after completion of 2 bands fallbacks
NOTE 2: Check at RAN4#107 whether CA_n5A-n28A-n105A could be included in the SI based on study progress for the fall back combinations listed in the above table. 


The following aspects need be studied
-	UE architecture including n-plexing, PA
-	Study feasibility of low band wideband antenna
-	Performance due to impacts including inter-modulation products
-	Method to manage the inter-modulation product impacts
Note: Revisit in RAN#98 whether additional aspects need to be added.

Power class 3 (PC3) is considered in this study
3) Identify potential impacts to relevant RAN4 requirements.
The present document is the technical report for this Study Item.

<<Next of Change>>
[bookmark: _Toc129096968]5.4	CA_n5-n105
[bookmark: _Toc129096969]5.4.1	General
In this configuration the uplink is also CA_n5A-n105A, but there are two fall back options:
· DL_n5A-n105A_UL_n5A_BCS0
· UL_n5A-n105A_UL_n105A_BCS0
The aggregated spectrum allocation for CA_n5A-n105A is illustrated in Figure 5.4.1-1.

 Figure 5.4.1-1: Aggregated spectrum allocation for CA_n5A-n105A

[bookmark: _Toc109047238][bookmark: _Toc37251223][bookmark: _Toc61372624][bookmark: _Toc36107464][bookmark: _Toc29802722][bookmark: _Toc61367241][bookmark: _Toc29802097][bookmark: _Toc75466983][bookmark: _Toc84413423][bookmark: _Toc84404814][bookmark: _Toc69083977][bookmark: _Toc83580305][bookmark: _Toc45888002][bookmark: _Toc76717995][bookmark: _Toc29801673][bookmark: _Toc76509005][bookmark: _Toc45888601][bookmark: _Toc68230564][bookmark: _Toc129096970]5.4.2	UE RF architecture assumption
The UE RF architectures with 2 antenna and 3 antenna are assumed in the feasibility study for CA_n5-n105. The antenna number is the total number of antennas to support Main UL/DL and diversity DL for all bands.

[bookmark: _Toc130387289][bookmark: _Toc130388777]5.4.2.1	UE RF architecture with two antennas
For CA_n5-n105 with 2-antenna implementation, there are two potential UE RF architectures as shown in Figure 5.4.2.1-1.
[image: ]
Figure 5.4.2.1-1a: Potential UE architecture with 2 antenna to support CA_n5-n105[image: ]
Figure 5.4.2.1-1b: Potential UE architecture with 2 antenna to support CA_n5-n105

The topology for 2-antenna architecture illustrated in Figure 5.4.2.1-1a is listed as below.
-	1) n105UL+n105DL+n5UL+n5DL quadplexer on antenna 1
-	2) n5DL+n105DL duplexer on antenna 2
The topology for 2-antenna architecture illustrated in Figure 5.4.2.1-1b is listed as below.
-	1) n5UL+n5DL+n105DL triplexer on antenna 1
-	2) n105UL+n105DL+n5DL triplexer on antenna 2

5.4.2.2	UE RF architecture with three antennas
Figure 5.4.2.2-1 illustrates the potential UE RF architecture for CA_n5-n105 with a 3-antenna implementation.
[image: ]
Figure 5.4.2.2-1: Potential UE architecture with 3 antenna to support CA_n5-n105

The topology for 3-antenna architecture illustrated in Figure 5.4.2.2-1 is listed as below:
	1) n105UL+n105DL duplexer on antenna 1
	2) n5UL+n5DL duplexer on antenna 2
	3) n5DL+n105DL duplexer on antenna 3

5.4.3	Common for 1 band UL and 2 bands UL of CA_n5-n105

[bookmark: _Toc45888603][bookmark: _Toc76717997][bookmark: _Toc45888004][bookmark: _Toc69083979][bookmark: _Toc75466985][bookmark: _Toc76509007][bookmark: _Toc61372626][bookmark: _Toc68230566][bookmark: _Toc83580307][bookmark: _Toc84404816][bookmark: _Toc84413425][bookmark: _Toc61367243][bookmark: _Toc109047239][bookmark: _Toc129096972]5.4.3.1	Operating bands for CA
The operating bands for CA_n5-n105 are provided in Table 5.4.3.1-1.
Table 5.4.3.1-1: CA band combination of band n5+n105
	[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
	–
	849 MHz
	869 MHz
	–
	894 MHz
	FDD

	n105
	663 MHz
	–
	703 MHz
	612 MHz
	–
	652 MHz
	FDD




5.4.3.2	Channel bandwidths per operating band for CA
The supported channel bandwidths for CA_n5-n105 are provided in Table 5.4.3.2-1.
Table 5.4.3.2-1: Supported bandwidths per CA band combination of band n5+n105
	NR CA configuration
	Uplink CA configuration or single uplink carrier
	NR Band
	Channel bandwidth (MHz)
	Bandwidth combination set

	CA_n5A-n105A
	CA_n5A-n105A
	n5
	5, 10, 15, 20
	0

	
	
	n105
	5, 10, 15, 20, 25, 30, 35
	



5.4.3.3	Identify the potential MSD issues due to harmonic/harmonic mixing/cross band isolation
Table 5.4.3.3-1/2 summarizes frequency ranges where harmonics/harmonics mixing occur for CA_n5-n105.
Table 5.4.3.3-1: 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

	n105
	663
	703
	612
	652
	1326
	1406
	1989
	2109
	2652
	2812
	3315
	3515



Table 5.4.3.3-2: 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

	n105
	663
	703
	612
	652
	1224
	1304
	1836
	1956
	2448
	2608
	3060
	3260



Based on the above analysis, there is no need to study MSD due to harmonics and harmonics mixing for CA_n5-n105.
5.4.3.4	∆TIB,c and ∆RIB,c values
Two-antenna architecture with dual triplexer can be used as a baseline to study ΔTIB,c and ΔRIB,c.
By referring to contribution [7], it seems that two-antenna solutions with quadplexer or triplexer are not very challenging for CA_n5-n105 as the frequency gap between band n5 UL part and band n105 DL part is larger than 100MHz. Thus, general values for low band combinations can be used for Delta Tib and Rib.
Table 5.4.3.4-1: ΔTIB,c for 2-antenna implementation
	Inter-band CA Configuration
	NR Band
	ΔTIB,c [dB]

	CA_n5-n105
	n5
	0.5

	
	n105
	0.5



Table 5.4.3.4-2: ΔRIB,c for 2-antenna implementation
	Inter-band CA Configuration
	NR Band
	ΔRIB,c [dB]

	CA_n5-n105
	n5
	0

	
	n105
	0



By referring to contribution [8], the two antenna implementation should drive the ΔTIB,c and ΔRIB,c values for CA_n5-n105. Based on other LB-LB cases, and especially DC_5_n71, a Delta T of 0.5dB for both bands can be used. For Delta Rib, CA_n5-n12 values can be reused.
Table 5.4.3.4-3: ΔTIB,c for 2-antenna implementation
	Inter-band CA Configuration
	NR Band
	ΔTIB,c [dB]

	CA_n5-n105
	n5
	0.5

	
	n105
	0.5



Table 5.4.3.4-4: ΔRIB,c for 2-antenna implementation
	Inter-band CA Configuration
	NR Band
	ΔRIB,c [dB]

	CA_n5-n105
	n5
	0.5

	
	n105
	0.3



By referring to contribution [9], the following values are derived for ΔTIB,c and ΔRIB,c:
Table 5.4.3.4-5: ΔTIB,c for 2-antenna implementation
	Inter-band CA Configuration
	NR Band
	ΔTIB,c [dB]

	CA_n5-n105
	n5
	0.5

	
	n105
	0.5



Table 5.4.3.4-6: ΔRIB,c for 2-antenna implementation
	Inter-band CA Configuration
	NR Band
	ΔRIB,c [dB]

	CA_n5-n105
	n5
	0.2

	
	n105
	0.2






5.4.3.5	REFSENS exception evaluation for one UL band
By referring to contribution [7], the following evaluation for MSD due to cross band isolation is provided for CA_n5-n105.
Table 5.4.3.5-1 MSD due to Cross band isolation from n5 to n105
	　
	parameters
	n105 main path
	n105 diversity path

	transmit power for n5, dBm
	　
	23
	23

	Tx band n5 BW(MHz, Lcrb)
	20
	　
	　

	RFFE loss, dB
	4
	　
	　

	Diplexer isolation at n5 uplink freq，dB
	10
	　
	　

	antenna isolation, dB
	10
	　
	　

	n105 receiver signal at ANT port, dBm
	　
	13
	13

	　
	　
	　
	　

	n105 filter rejection at 814~849MHz, dB
	40
	　
	　

	signal After n105 filter, dBm
	　
	-31
	-31

	Typical receiver IIP2, dB
	50
	　
	　

	TX IM2 noise level refer to RX LNA input, dBm
	　
	-112
	-112

	front-end loss 
	4
	　
	　

	TX IM2 noise level at ANT port, dBm
	　
	-108
	-108

	　
	　
	　
	　

	noise figure dB
	11.8
	　
	　

	Thermal noise at RX ant port(dBm/Hz)
	-162.2
	　
	　

	Rx band n105 BW(MHz, NRB)
	4.5
	　
	　

	Thermal noise, dBm
	　
	-95.67 
	-95.67 

	　
	　
	　
	　

	ACLR1, dB
	30
	　
	　

	ACLR2, dB
	43
	　
	　

	n5 PA leakage PSD at PA output port at 1st adjacent channel, dBm/MHz
	　
	-20.01 
	　

	n5 PA leakage PSD at PA output port at 2nd adjacent channel, dBm/MHz
	　
	-33.01 
	　

	n5 PA noise PSD at PA output port, dBm/Hz
	-130
	　
	　

	n5 PA noise PSD at PA output port, dBm/RxBW
	　
	-63.47 
	　

	n5 Tx filter rejection at 612~652MHz, dB
	30
	　
	　

	n5 PA noise power at Rx n105 ant port at 612~652MHz, dBm
	　
	-103.47 
	-103.47 

	　
	　
	　
	　

	　
	　
	　
	　

	　
	　
	　
	　

	Total noise level at ANT port
	　
	-94.79 
	-94.79 

	SNR requirement for QPSK
	-1
	　
	　

	REFSENSE (referred to antenna)(5MHz BW)
	　
	-95.79 
	-95.79 

	Implementation Margin, dB
	2
	　
	　

	combined REFSENS(5MHz BW), dBm
	-96.80 
	　
	　

	MSD
	0.40 
	　
	　



Table 5.4.3.5-2 MSD due to Cross band isolation from n105 to n5
	　
	parameters
	n5 main path
	n5 diversity path

	transmit power for n105, dBm
	　
	23
	23

	Tx band n105 BW(MHz, Lcrb)
	20
	　
	　

	RFFE loss, dB
	4
	　
	　

	Diplexer isolation at n105 uplink freq，dB
	10
	　
	　

	antenna isolation, dB
	10
	　
	　

	n5 receiver signal at ANT port, dBm
	　
	13
	13

	　
	　
	　
	　

	n5 filter rejection at 663~703MHz, dB
	40
	　
	　

	signal After n5 filter, dBm
	　
	-31
	-31

	Typical receiver IIP2, dB
	50
	　
	　

	TX IM2 noise level refer to RX LNA input, dBm
	　
	-112
	-112

	front-end loss 
	4
	　
	　

	TX IM2 noise level at ANT port, dBm
	　
	-108
	-108

	　
	　
	　
	　

	noise figure dB
	11
	　
	　

	Thermal noise at RX ant port(dBm/Hz)
	-163
	　
	　

	Rx band n5 BW(MHz, NRB)
	4.5
	　
	　

	Thermal noise, dBm
	　
	-96.47 
	-96.47 

	　
	　
	　
	　

	ACLR1, dB
	30
	　
	　

	ACLR2, dB
	43
	　
	　

	n105 PA leakage PSD at PA output port at 1st adjacent channel, dBm/MHz
	　
	-20.01 
	　

	n105 PA leakage PSD at PA output port at 2nd adjacent channel, dBm/MHz
	　
	-33.01 
	　

	n105 PA noise PSD at PA output port, dBm/Hz
	-130
	　
	　

	n105 PA noise PSD at PA output port, dBm/RxBW
	　
	-63.47 
	　

	n105 Tx filter rejection at 869~894MHz, dB
	30
	　
	　

	n105 PA noise power at Rx n105 ant port at 869~894MHz, dBm
	　
	-103.47 
	-103.47 

	　
	　
	　
	　

	　
	　
	　
	　

	　
	　
	　
	　

	Total noise level at ANT port
	　
	-95.43 
	-95.43 

	SNR requirement for QPSK
	-1
	　
	　

	REFSENSE (referred to antenna)(5MHz BW)
	　
	-96.43 
	-96.43 

	Implementation Margin, dB
	2
	　
	　

	combined REFSENS(5MHz BW), dBm
	-97.44 
	　
	　

	MSD
	0.56 
	　
	　



Based on the above evaluation, the REFSENS degradation can be neglected. Thus, there is no need to specify MSD due to cross band isolation for CA_n5-n105.
By referring to contribution [8], the 1UL cross band interference is as follows for the IMD orders of the allocated UL Resource blocks (RBs) and its image:
· For the n105 20MHz maximum UL CBW, the IMD interference order to n5 is >9 RBs
· For the n5 20MHz maximum UL CBW, the IMD interference order to n105 is >9 RBs
Given this, there is no MSD due to IMDs. Nonetheless, the transmitter noise floor must be considered.
With the architecture aspects discussed above and the need to support multiple LBLB cases, conservative values should be considered:
· 45dB cross band Tx-Rx isolation for the triplexers
· 40dB Tx rejection in the other DL band
· 10dB antenna couplingf
· 4dB post PA losses
· Transmitter noise floor of -125dBm/Hz.
Based on these assumptions, the MSD with MRC combining is calculated in Table 5.4.3.5-3.
Table 5.4.3.5-3: MRC calculations for band n5 and n105 Cross-band MSD.
	 
	band 
	n105
	n5

	CBW/NRB
	[MHz]/#
	5
	25
	5
	25

	transmitter noise floor
	[dBm/CBW]
	-58.5
	-58.5

	5MHz CBW REFSENS
	[dBm/CBW]
	-97.2
	-98.0

	RX noise floor wo Tx noise: Main/Div
	[dBm/CBW]
	-93.2
	-93.2
	-94.0
	-94.0

	Tx-Rx / Tx-Ant duplexer isolation/rejection
	[dB]
	45
	40
	45
	40

	LNA to antenna insertion loss
	[dB]
	4
	4

	Antenna isolation
	[dB]
	0
	10
	0
	10

	PC3 1Tx interference levels: Main/Div
	[dBm/CBW]
	-99.5
	-104.5
	-99.5
	-104.5

	noise floor degradation due to Tx noise: Main/Div
	[dB]
	0.9
	0.3
	1.1
	0.4

	noise floor degradation due to Tx noise: Main/Div
	[lin]
	1.2
	1.1
	1.3
	1.1

	REFSENS degradation after MRC
	uncor [dB]
	0.6
	0.7

	REFSENS degradation after MRC
	cor [dB]
	1.1
	1.3



1UL cross-band MSD for CA_n5-n105 is proposed in Table 5.4.3.5-4.
Table 5.4.3.5-4: CA_n5-n105 1UL cross-band MSD
	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)
	

	n105
	n5
	693
	20
	15
	20 (RBstart=86)
	871.5
	5
	1.3
	>ACLR2

	n5
	n105
	834
	20
	15
	20 (RBstart=0)
	649.5
	5
	1.1
	>ACLR2



By referring to contribution [9], one aspect that needs to be pointed out is that n105 is a recently standardised band, with very challenging frequency arrangements from RF filtering point of view. Hence, especially given the band is new and implementations are just under development, we don’t see it possible to optimize the CA characteristics at the expense of attenuation at US CH36 and n105 TX/RX isolations. Please note that the numbers are not derived from dedicated triplexers, but instead from what can be achieved by matching DPX and RX filters together, without optimizations which may offer improved performance over time. 
The MSD with MRC combining is calculated in Table 5.4.3.5-5 and Table 5.4.3.5-6.

Table 5.4.3.5-5 MSD due to cross band isolation n105 to n5
[image: ]
Table 5.4.3.5-6 MSD due to cross band isolation n5 to n105
[image: ]
1UL cross-band MSD for CA_n5-n105 is proposed in Table 5.4.3.5-7.
Table 5.4.3.5-7: CA_n5-n105 1UL cross-band MSD
	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)
	

	n105
	n5
	693
	20
	15
	20 (RBstart=86)
	871.5
	5
	2.6
	>ACLR2

	n5
	 n105
	834
	20
	15
	20 (RBstart=0)
	649.5
	5
	5.6
	>ACLR2




5.4.4	Specific for 2 bands UL of CA_n5-n105
5.4.4.1	Maximum output power for inter-band CA
Power class 3 is assumed for UL CA_n5-n105
5.4.4.2	UE co-existence studies
Table 5.4.4.2-1 lists Band n5 + Band n105 2UL bands CA 2nd, 3rd, 4th and 5th order IMD for the UE-to-UE coexistence analysis.
Table 5.4.4.2-1: Band n5 and Band n105 UL IMD products
	UE UL carriers
	fx_low
	fx_high
	fy_low
	fy_high

	UL frequency (MHz)
	663
	703
	824
	849

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

	IMD frequency limits (MHz)
	121
	186
	1487
	1552

	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)
	477
	582
	945
	1035

	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)
	2150
	2255
	2311
	2401

	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)
	1140
	1285
	1769
	1884

	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)
	2813
	2958
	3135
	3250

	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)
	372
	242
	2974
	3104

	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)
	2733
	2593
	1988
	1803

	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)
	1221
	1066
	461
	291

	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)
	3959
	4099
	3476
	3661

	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)
	3798
	3953
	3637
	3807



Based on the above analysis, there is no IMD issue for CA_n5-n105 with 2UL configuration.
Table 5.4.4.2-2 lists the protected bands required for CA_n5-n105 with 2UL configuration.
Table 5.4.4.2-2: Band n5 and Band n105 UL IMD products
	NR CA Configuration
	Spurious emission 

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

	CA_n5-n105
	E-UTRA Band 1, 3, 4, 5, 8, 11, 18, 19, 21, 26, 28, 31, 38, 40, 43, 50, 51, 65, 66, 73, 74
NR Band n79
	FDL_low
	-
	FDL_high
	-50
	
	

	
	E-UTRA Band 41, 52
NR Band n77, n78
	FDL_low
	-
	FDL_high
	-50
	1
	2

	
	Frequency range
	1884.5
	-
	1915.7
	-41
	0.3
	8

	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 8:	Applicable when co-existence with PHS system operating in 1884.5 - 1915.7 MHz.



5.4.4.3	REFSENS exception evaluation for two UL band
It is not required to study the MSD due to two UL IMD interference since there is no two UL IMD issue for CA_n5-n105.
<<Next of Change>>
5.5	CA_n28-n105
5.5.1	General
Figure 5.5.1-1 shows the aggregated spectrum allocation for CA_n28A-n105A where no frequency range restriction has been indicated for either of the constituent bands.
[image: ] 
Figure 5.5.1-1 CA_n28A-n105A spectrum allocation
In this study item, only a single UL configuration is considered for the combination due to the concern of 2UL IMD issue as described in sub-clause 5.5.2.3.
5.5.2	UE RF architectures assumption
Both 2-antenna and 3-antenna implementations are considered in the study item where the corresponding UE RF architectures are further detailed in the following sub-clauses. 
5.5.2.1	UE RF architectures with two antennas
For CA_n28A-n105A with 2-antenna implementation, there can be two potential architecture variants, one with a triplexer and a quadplexer in the main signal path and a duplexer in the diversity signal path, as shown in Figure 5.5.2.1-1, the other is with dual triplexers in main signal path and a triplexer in diversity signal path, as shown in Figure 5.5.2.1-2. 
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Figure 5.5.2.1-1 CA_n28A-n105A UE RF first architecture variant with 2-antenna implementation
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Figure 5.5.2.1-2 CA_n28A-n105A second architecture variant with 2-antenna implementation
The first architecture variant, due to the relatively wide frequency range (a single filter covering both n28 and n 105) in the middle sub-band for the main signal path triplexer, is considered rather challenging and impracticable for implementation and will not be further pursued in this study item.
For the second architecture variant, both the main antenna and diversity antenna design need to cover the entire spectrum range of 191 MHz simultaneously as shown in Figure 5.5.1-1, which is equivalent to a 27% bandwidth ratio and that would exceed the bandwidth ratio for a typical planar antenna design in a smartphone. As a result, the radiative performance for the combination likely would be compromised.
5.5.2.2	UE RF architectures with three antennas
For the 3-antenna implementation, the two of the three antennas are used in the main path to aggregate the n28 and n105 signals over the air, as shown in Figure 5.5.2.2-1. As n28 and n105 signals do not need to be combined through a multiplexer, there is no additional insertion loss in both n28 and n105 main signal paths as compared to the single-band implementation.
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Figure 5.5.2.2-1 CA_n28A-n105A UE RF architecture with 3-antenna implementation
Having two antenna in the main signal path not only avoids the more complicated multiplexer implementation and the associated additional insertion losses, but also allows narrower frequency coverage for each of the two antennas as compared to single-antenna implementation. However, the additional antenna cannot be added without occupying more phone space. Therefore, the feasibility on placing more than two low-band antennas in a smartphone needs to be investigated, with narrower bandwidth and regressed radiating performance expected due to the limitation in form factor.
5.5.2.3	2UL IMD issue
2UL IMD3/IM5 may fall into either n105 DL or n28 DL or both DL bands simultaneously to cause REFSENS degradation (MSD), as conceptually illustrated in Figure 5.5.2.3-1.
[image: ]
Figure 5.5.2.3-1 Conceptual illustration on 2UL IMD3/IMD5 impact to DL bands for CA_n28A-n105A
For both 2-antenna and 3-antenna implementations, depending on the carrier allocation and Tx filter isolation on the two UL carriers, the MSD caused by two simultaneous up links (2UL) IMD3 to n105 DL carrier could potentially be higher than 30 dB; especially when the n28 UL carrier is close to n105 UL band where the n105 Tx filter does not provide any rejection to n28 UL carrier and the n105 PA reverse IMD would dominate the MSD. For carrier allocations where both Tx filters can provide sufficient isolation to the cross-band UL carriers, the MSD caused by 2UL IMD3 could still be around 20 dB to either or both of the DL carriers which would be dominated by PA forward IMD.    
Due to the concern of the 2UL IMD issue, only single UL configuration is considered in this study item where UL can be in either n28 or n105.
5.5.2.4	Cross-band interference
Apart from the 2UL IMD concern, the combination may also be subject to cross-band UL to DL interference issue due to frequency proximity even under single UL operation where the REFSENS impact needs to be further analyzed.
[bookmark: _Toc129096985][bookmark: _Toc130385498][bookmark: _Toc130387291][bookmark: _Toc130388779]5.5.3	Common for 1 band UL and 2 bands UL of CA_ n28-n105
[bookmark: _Toc129096986][bookmark: _Toc130385499][bookmark: _Toc130387292][bookmark: _Toc130388780]5.5.3.0	General
This band combination is similar to the case of CA_n71-n85 with the two UL bandwidths having no frequency gap between them. CA_n71-n85 is being specified for 1UL only as 2 ULs showed significant MSD challenges.
[bookmark: _Toc129096987][bookmark: _Toc130385500][bookmark: _Toc130387293][bookmark: _Toc130388781]5.5.3.1	Operating bands for CA
Table 5.5.3.1-1: CA band combination of band n28+n105
	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
	

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

	n105
	663 MHz
	–
	703 MHz
	612 MHz
	–
	652 MHz
	FDD



[bookmark: _Toc129096988][bookmark: _Toc130385501][bookmark: _Toc130387294][bookmark: _Toc130388782]5.5.3.2	Channel bandwidths per operating band for CA
Based on WF [14], it was agreed that only 1UL configuration will be supported, the 2UL issues will be described in section 5.5.4. Thus, BCS0 for CA_n28A-n105A can be specified as below.
Table 5.5.3.2-1: Supported bandwidths per CA band combination of band n28+n105
	NR CA configuration
	Uplink CA configuration or single uplink carrier
	NR Band
	Channel bandwidth (MHz)
	Bandwidth combination set

	CA_n28A-n105A
	-
	n28
	5, 10, 15, 20, 25, 30
	0

	
	
	n105
	5, 10, 15, 20, 251, 301, 351
	

	NOTE 1:	These n105 channel bandwidths are valid in DL only



[bookmark: _Toc129096989][bookmark: _Toc130385502][bookmark: _Toc130387295][bookmark: _Toc130388783]5.5.3.3	UE co-existence studies
[bookmark: _Toc129096990][bookmark: _Toc130385503][bookmark: _Toc130387296][bookmark: _Toc130388784]Table 5.5.3.3-1/2 summarizes frequency ranges where UL harmonics and/or harmonic mixing occur for CA_n28-n105.
Table 5.5.3.3-1: Impact of UL/DL Harmonic 
	 
	 
	 
	2nd Harmonic
	3rd Harmonic
	4th Harmonic
	5th Harmonic

	 
	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

	n28
	703
	748
	758
	803
	1406
	1496
	2109
	2244
	2812
	2992
	3515
	3740

	n105
	663
	703
	612
	652
	1326
	1406
	1989
	2109
	2652
	2812
	3315
	3515



Based on the above table, there is no UL harmonic issue for CA_n28-n105.
Table 5.5.3.3-2: 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

	n28
	703
	748
	758
	803
	1516
	1606
	2274
	2409
	3032
	3212
	3790
	4015

	n105
	663
	703
	612
	652
	1224
	1304
	1836
	1956
	2448
	2608
	3060
	3260



Based on the above table, there is no harmonic mixing issue for CA_n28-n105.
Since the two bands are very close, cross-band isolation may be an issue as shown in Figure 5.5.3.3-3 below, the Table 5.5.3.3-4 provides the analysis for the potential IMD order of the UL configuration and its image for the largest channel bandwidths.
[image: ]
Figure 5.5.3.3-3: IMD landscape for 1UL and 2UL configurations of CA_n28-n105
Table 5.5.3.3-4: Cross band isolation issues
	UL
Band
	UL Low Band Edge
	UL High Band Edge
	DL
Band
	DL Low Band Edge
	DL High Band Edge
	UL to DL distance
	Maximum UL BW
	Source of interference
(IMD order of UL RBs and their image)

	n28
	703
	748
	n105
	612
	652
	51
	30
	ACLR2 (IMD5)

	n105
	663
	703
	n28
	758
	803
	55
	20
	ACLR3 (IMD7)



As shown in the above Table 5.5.3.3-4, the band n28 30MHz CBW UL ACLR2 overlaps with the band n105 DL while the band n105 20MHz CBW UL ACLR3 overlaps with band n28 DL. Both MSDs need to be evaluated.
5.5.3.4	∆TIB,c and ∆RIB,c values
For CA_n28-n105 the 2 antenna implementation should drive the TIB,c and RIB,c values, three companies provided input that is summarized in the two tbles below.
Table 5.5.3.4-1: 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
Proposed values by company A / B / C

	CA_n28-n105
	1.0 / 0.7 / 0.8
	1.0 / 0.7 / 0.8

	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 5.5.3.4-2: 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
Proposed values by company A / B / C

	CA_n28-n105
	1.0 / 0.4 / 0.2
	1.0 / 0.4 / 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.



[bookmark: _Toc129096991][bookmark: _Toc130385504][bookmark: _Toc130387297][bookmark: _Toc130388785]5.5.3.5	REFSENS evaluation
For CA_n28-n105, the 2 antennas implementation n28 and n105 MSDs related to cross band isolation described in Table 5.5.3.3-4 must be evaluated.
Three companies provided their evaluation for both cross band MSDs. 
For n28 MSD due to n105 UL, one company suggested that no MSD was needed while the two other companies’ input can be found in Table 5.5.3.5-1a and b respectively.
Table 5.5.3.5-1a n28 MSD due to cross band isolation for CA_n28-n105 with n105 UL (company A)
	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)
	

	n105
	n28
	693
	20
	15
	20 (RBstart=86)
	760.5
	5
	3.7
	>ACLR2


Table 5.5.3.5-1b n28 MSD due to cross band isolation for CA_n28-n105 with n105 UL (company B)
	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)
	

	n105
	n28
	693
	20
	15
	20 (RBstart=86)
	760.5
	5
	10.8
	>ACLR2



Similarly, for n105 MSD due to n28 UL, the three companies’ input can be found in Table 5.5.3.5-1a, b and c.
Table 5.5.3.5-2a n105 MSD due to cross band isolation for CA_n28-n105 with n28 UL (company A)
	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)
	

	n28
	n105
	718
	30
	15
	25 (RBstart=0)
	649.5
	5
	17
	ACLR2


Table 5.5.3.5-2b n105 MSD due to cross band isolation for CA_n28-n105 with n28 UL (company B)
	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)
	

	n28
	n105
	718
	30
	15
	25 (RBstart=0)
	649.5
	5
	12.7
	ACLR2


Table 5.5.3.5-2c n105 MSD due to cross band isolation for CA_n28-n105 with n28 UL (company C)
	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)
	

	n28
	n105
	718
	30
	15
	25 (RBstart=0)
	649.5
	5
	10.1
	ACLR2



[bookmark: _Toc129096992][bookmark: _Toc130385505][bookmark: _Toc130387298][bookmark: _Toc130388786]5.5.4	Specific for 2 bands UL of fallback CA_n28-n105
[bookmark: _Toc129096993][bookmark: _Toc130385506][bookmark: _Toc130387299][bookmark: _Toc130388787]5.5.4.1	Maximum output power for inter-band CA
Power class 3 was assumed for UL CA_n28-n105, but as discussed in the next clauses, it was decided that the two UL configuration will not be supported due to significant IMD3 MSD and potential co-existence issues with DTV channels. 
[bookmark: _Toc129096994][bookmark: _Toc130385507][bookmark: _Toc130387300][bookmark: _Toc130388788]5.5.4.2	UE co-existence studies
Table 5.5.4.2-1 lists Band n28 + Band n105 2UL bands CA 2nd, 3rd, 4th and 5th order IMD for the UE-to-UE coexistence analysis.
Table 5.5.4.2-1 IMD interference analysis for CA_n28-n105 with 2 ULs
	UE UL carriers
	fx_low
	fx_high
	fy_low
	fy_high

	UL frequency (MHz)
	663
	703
	703
	748

	2nd harmonics frequency limits
	2*fx_low
	2*fx_high
	2*fy_low
	2*fy_high

	2nd harmonics frequency limits (MHz) 
	1326
	1406
	1406
	1496

	3rd harmonics frequency limits
	3*fx_low
	3*fx_high
	3* fy_low
	3* fy_high

	3rd harmonics frequency limits (MHz)
	1989
	2109
	2109
	2244

	4th harmonics frequency limits
	4*fx_low
	4*fx_high
	4* fy_low
	4* fy_high

	4th harmonics frequency limits (MHz)
	2652
	2812
	2812
	2992

	5th harmonics frequency limits
	5*fx_low
	5*fx_high
	5* fy_low
	5* fy_high

	5th harmonics frequency limits (MHz)
	3315
	3515
	3515
	3740

	6th harmonics frequency limits
	6*fx_low
	6*fx_high
	6* fy_low
	6* fy_high

	6th harmonics frequency limits (MHz)
	3978
	4218
	4218
	4488

	7th harmonics frequency limits
	7*fx_low
	7*fx_high
	7* fy_low
	7* fy_high

	7th harmonics frequency limits (MHz)
	4641
	4921
	4921
	5236

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

	IMD frequency limits (MHz)
	85
	0
	1366
	1451

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

	IMD frequency limits (MHz)
	578
	703
	703
	833

	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)
	2029
	2154
	2069
	2199

	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)
	170
	0
	2732
	2902

	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)
	1241
	1406
	1406
	1581

	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)
	2692
	2857
	2772
	2947

	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)
	2329
	2109
	2109
	1904

	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)
	3475
	3695
	3355
	3560

	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)
	918
	703
	703
	493

	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)
	3435
	3650
	3395
	3605



From the above table, it can be found that both n28 DL and n105 DL are subject to MSD due to dual-uplink IMD3 and IMD5 of 2UL CA_n28-n105 configuration. Furthermore, the DTV channels below 608 MHz are also victims of the CA_n28-n105 IMD3 and higher orders and thus the coexistence between UL CA_n28-n105 and DTV channels may be compromised.
[bookmark: _Toc129096995][bookmark: _Toc130385508][bookmark: _Toc130387301][bookmark: _Toc130388789]5.5.4.3	REFSENS evaluation
Based on the above IMD analysis, the IMD3 and IMD5 MSD test points in Table 5.5.4.2-1 were discussed. Some estimations of the IMD3 MSD ranged between 25 dB and 44dB depending on the performance of the filters and antenna coupling assumptions. Based on this large MSD and the potential coexistence issue with (US) DTV channels, it was agreed together with the band combination proponent, that 2UL configuration will not be supported. This agreement is captured in way forward [14].
Table 5.5.4.3-1 potential MSD test points due to IMD3 and IMD5 if 2UL configuration would be specified.
	Band / Channel bandwidth / NRB / Duplex mode
	Source of IMD

	NR CA band combination
	NR band
	UL Fc 
(MHz)
	UL/DL BW 
(MHz)
	UL 
CLRB
	DL Fc (MHz)
	MSD 
(dB)
	Duplex mode
	

	CA_n28-n105
	n28
	745.5
	5
	25
	800.5
	2UL not specified
	FDD
	IMD3

	
	n105
	690.5
	5
	25
	639.5
	N/A
	FDD
	N/A

	
	n28
	745.5
	5
	25
	800.5
	N/A
	FDD
	IMD3

	
	n105
	694.5
	5
	25
	643.5
	2UL not specified
	FDD
	N/A

	
	n28
	715
	5
	25
	770
	2UL not specified
	FDD
	IMD5

	
	n105
	687.5
	5
	25
	636.5
	N/A
	FDD
	N/A

	
	n28
	715.5
	5
	25
	770.5
	N/A
	FDD
	IMD5

	
	n105
	690
	5
	25
	639
	2UL not specified
	FDD
	N/A



<<Next of Change>>
5.6	CA_n26-n28
5.6.1	General
In this configuration the uplink is also CA_n26A-n28A, but there are two fall back options:
· DL_n26A-n28A_UL_n28A_BCS0 (already completed)
· UL_n26A-n28A_UL_n26A_BCS0
The implementation of the band n28 of CA_n26_n28 has been discussed, and the pros and cons of the following two cases can be further traded-off, whether and/or how to do the down-selection in the future is for further study.
Case 1: lower 30MHz of n28 (UL: 703~733MHz, DL: 758~788MHz) is supported. 
[bookmark: _Hlk134805604]Case 2: entire n28 frequency range (UL: 703~748MHz, DL: 758~803MHz) is supported.
[image: ]
Figure 5.6.1-1 CA_n26-n28 frequency ranges
Besides, as a reference for further study, proponent operator provided some related information about the allocated spectrum in the 700MHz and extended 850 MHz bands as sketched in the following figure and table.
[image: ]
Figure 5.6.1-2 n26 and n28 spectrum allocation
Table 5.6.1-1 n26 and n28 spectrum allocation
	
	Uplink
	Downlink

	n28 (national)
	713 MHz – 733 MHz
	768 MHz – 788 MHz

	n26 (Metropolitan)
	814 MHz – 824 MHz
835 MHz – 845 MHz
	859 MHz – 869 MHz
880 MHz – 890 MHz

	n26 (Regional)
	814 MHz – 824 MHz
830 MHz – 845 MHz
	859 MHz – 869 MHz
875 MHz – 890 MHz



5.6.2	UE RF architecture assumption
The potential UE RF architectures for CA_n26A-n28A case 1 and case 2 can be considered as shown below. Baseline architecture for UE RF requirements development will be further discussed. As the performance of band n26 is similar to band n28, after the development of CA_n5-n28, some architectures could be used as a reference to CA_n26-n28. 
[bookmark: _Hlk134805522]5.6.2.1	UE RF architecture with lower 30MHz of n28 supporting
Architecture of case 1 (lower 30MHz of n28 (UL: 703~733MHz, DL: 758~788MHz) is supported) is listed as below. Entire n28 presents a greater challenge to filter implementation, so further research on feasibility and applicable filtering techniques should be considered. 
The topology for architecture 1 with 2 antenna, as shown in Figure 5.6.2.1-1:
	1) antenna 1 with quadplexer supporting n26DL+n26UL+n28AUL+n28ADL
	2) antenna 2 with duplexer supporting n26DL+n28ADL
The topology for architecture 2 with 2 antenna, as shown in Figure 5.6.2.1-2:
	1) antenna 1 with triplexer supporting n26DL+n28AUL+n28ADL 
	2) antenna 2 with triplexer supporting n26DL+n26UL+n28ADL
The topology for architecture 3 with 3 antenna, as shown in Figure 5.6.2.1-3:
	1) antenna 1 with duplexer supporting n28AUL+n28ADL 
	2) antenna 2 with duplexer supporting n26UL+n26DL
	3) antenna 3 with duplexer supporting n26DL+n28ADL
[image: ]
Figure 5.6.2.1-1 Architecture 1: Quadplexer solution for CA_n26-n28 with two antennas
[image: ]
Figure 5.6.2.1-2 Architecture 2: Triplexer solution for CA_n26-n28 with two antennas
[image: ]
Figure 5.6.2.1-3 Architecture 3: Three-antenna solution for CA_n26-n28
5.6.2.2	UE RF architecture with entire n28 frequency range supporting
Architecture of case 2 (entire n28 frequency range (UL: 703~748MHz, DL: 758~803MHz) is supported) is listed as below.
The topology for architecture 4 with 2 antenna, as shown in Figure 5.6.2.2-1:
	1) antenna 1 with dual-quadplexer supporting n26UL+ n26DL+ n28AUL+ n28ADL_ n26UL+ n26DL+ n28BUL+ n28BDL 
	2) antenna 2 with duplexer supporting n26DL+n28DL
The topology for architecture 5 with 2 antenna, as shown in Figure 5.6.2.2-2:
	1) antenna 1 with dual-triplexer supporting n26DL+ n28AUL+n28ADL_ n26DL+ n28BUL+n28BDL 
	2) antenna 2 with triplexer supporting n26DL+n26UL+n28UL
The topology for architecture 6 with 3 antenna, as shown in Figure 5.6.2.2-3:
	1) antenna 1 with dual-duplexer supporting n28AUL+n28ADL_ n28BUL+n28BDL
	2) antenna 2 with duplexer supporting n26UL+n26DL
	3) antenna 3 with duplexer supporting n26DL+n28ADL
[image: ]
Figure 5.6.2.2-1 Architecture 4: Dual-quadplexer solution for CA_n26-n28 with two antennas
[image: ]
Figure 5.6.2.2-2 Architecture 5: Dual-triplexer solution for CA_n26-n28 with two antennas
[image: ]
Figure 5.6.2.2-3 Architecture 6: Three-antenna solution for CA_n26-n28
[bookmark: _Hlk134804468]For architecture 4 with 2 antenna, there are some potential implementation challenges: 
· The main antenna should simultaneously cover the whole band from n28UL to n26DL with the length of 191MHz, the bandwidth ratio is as high as 23.9%, it would far exceed the bandwidth ratio for a typical planar antenna design in a smartphone, therefore the radiative performance for CA_n26A-n28A is expected to be compromised.
· The performance requirements of quadplexer such as filter isolation and insertion loss are strict, posing challenge to the implementation and cost of the UE front-end, and the feasibility of two quadplexers may need further study.
[bookmark: _Hlk134806088]For architecture 5 with 2 antenna, there are some advantages and potential implementation challenges:
· A two-antenna architecture with three triplexers can be easier to design with proper delta T and delta R, so architecture 2 seems to be more feasible. 
· The difficulties of triplexer implementation still remain with two gaps of 10MHz, n26 BW of 35MHz and n28DL of 45MHz.
For architecture 6 with 3 antenna, there are some advantages and potential implementation challenges:
· For the 3-antenna architecture, there are two antennas on the main signal path, which eases the difficulty of multiplexer design and implement. The frequency range for each main antenna is narrower compared with 2-antenna architecture, and the antenna BW ratios of the two antennas would be close to the current devices. 
· 3 LB antennas present a greater challenge to the dimension of the mobile phone than 2-amtenna architecture.
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
	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 [10], 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 ΔTIB,c and ΔRIB,c values for CA_n5-n28 in WF [11] which can be reused for CA_n26-n28.
Option 2 is proposed in the contribution [10].
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 [12], 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 [12], 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 [13], 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 5.6.3.5-4.
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 [10], 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)
	
	
	
	


[5.7	CA_n5-n28-n105]
Editor’s note: Check at RAN4#107 whether CA_n5A-n28A-n105A could be included in the SI based on study progress for the fall back combinations.



image1.emf
n5 UL n5 DL n105 DL n105 UL

612 652 663 824 849 869 703 894

282MHz


Microsoft_Visio___11.vsdx
n5 UL
n5 DL
n105 DL
n105 UL
612
652
663
824
849
869
703
894
282MHz



image2.jpeg
Main TRx Diversity TRx

N/ N\ [/

sPnT sPnT sPnT

n105 nl0s n5 ns n105 ns




image3.jpeg
Main TRx Diversity TRx

=

N/ A\
sPnT sPnT

95T 34y

nl05 n nl05  nl05 n3




image4.jpeg
Main TRx 2 Diversity TRx

Y X7

E : E -
sPnT sPnT

VA YA

nl05  nl05 nl05 ns




image5.emf
n5 Cross-band MSD PRX DRX

BW

FE Loss 4.0 4.0

Output Power

TX Noise per BW at PA Output -57.9

RX_IIP2, dBm 54 54

Antenna Isolation

RX Isolation -42 -38

TX Isolation -50 -40

TX_IM2 -102.0 -110.0

Tx_noise -95.9 -101.9

TX_total -95.0 -101.3

Thermal noise -94.0 -94.0

Composite -91.5 -93.3

MRC REFSENS

n5 REFSENS

n5 MSD 2.6

4.5

23

10

-95.4

-98


image6.emf
n105 Cross-band MSD PRX DRX

BW

FE Loss 4.0 4.0

Output Power

TX Noise per BW at PA Output -56.9

RX_IIP2, dBm 54 54

Antenna Isolation

RX Isolation -37 -32

TX Isolation -30 -40

TX_IM2 -62.0 -110.0

Tx_noise -89.9 -94.9

TX_total -62.0 -94.7

Thermal noise -93.2 -93.2

Composite -62.0 -90.9

MRC REFSENS

n105 REFSENS

n105 MSD 5.6

4.5

23

10

-91.6

-97.2


image7.emf
n105 DL

652

663

703

748

n105 UL

n28 UL

n28 DL

758

A

191 MHz









191 MHz

758

703 748

803

n28 UL n28 DL n105 UL

n105 DL

663

612 652


image8.png
Main TRx

=

—

H

SPnT

1

Diversity Rx

=

—

H

SPnT

SPnT

fA A

fANSN

n105 n105/n28A

n28A

ni105 ni105

n28B n28B n105 n28

\_‘

SPnT





image9.png
Main TRx

=

—

H

SPnT

]
SPnT

Diversity Rx

=

—

= =

SPnT

SPnT

/

\

[\

[

RARE

ni105 n28A n28A

ni105 n28B n28B

[\

n105

n105

[

n28





image10.png
Main TRx

A

1

SPnT SPnT

[\

.
WA

n105 n105

Main TRx

A

1

SPnT SPnT

[\

[\

[\

Y

n28A

n28A

.
VA

n28B  n28B

Diversity Rx

R

SPnT SPnT

[ A

ni105 n28




image11.emf
IMD3

612

612

AN
n105 DL
652
IMD5
n105 Dﬁ
652

663

703

748

n1ds UL

IMD3

n28 UL

663

703

n28 DL

758

748 IMD5

n105 ULl

803

n28 UL | i

n28 DL

758

803









758

703 748

803

n28 UL n28 DL n105 UL n105 DL

663

612 652

758

703

748

803

n28 UL n28 DL n105 UL n105 DL

663

612 652

IMD3 IMD3

IMD5

IMD5


image12.png
B WN R

610]620]630]640|650|660|670|680|690|700|710|720|730|740|750|760|770|780|790|800|810|820/830|840|850|860|870
n71| 11 |n71
nl05| 11 [n105





image13.png
849 859

191 MHz

748 758 849 859

191 MHz





image14.png
u oL

M e m3 ms s e 1m 18 ms s T 763 7873 7 7ms s 13 18 s
Wetro
Regional
Specrum share

s

u oL

B s s om0 ma m9 au w9 89 s 80 s s sa s sm
Wetro
Regional
Specrum share





image15.jpeg
Main TRx Diversity TRx

—





image16.jpeg
Diversity TRx





image17.jpeg
[ CH>

daqi@

el

1y




image18.jpeg
Main TRx Diversity TRx





image19.jpeg
A

A

A

Y

n28

Y 4

Y2Y Y2Y

n26

n28A n26 n28B  n28B

n28A




image20.jpeg
Diversity TRx
Y

7Y

o1

n2:

A A

2Y 2Y

n28A





image21.png
690]700]710[720]730[740[750[760[770[780]790[800]810[820[830]840]850[860[870[880[890
n28A] 25 n28A 15 11 n26
M28F| 10 [n28F 12 nig8 [19
n28A[ w 3 5 21 n5
n28F IMDs [ w 3 5 L]
w illin26 IMDs
n18 IMDs
[ n5 IMDs!





image22.emf
n28 Cross-band MSD PRX DRX

BW

FE Loss 4.0 4.0

Output Power

TX Noise per BW at PA Output -41.3

RX_IIP2, dBm 54 54

Antenna Isolation

RX Isolation -45 -38

TX Isolation -45 -25

TX_IM2 -92.0 -80.0

Tx_noise -82.3 -85.3

TX_total -81.8 -78.9

Thermal noise -94.5 -94.5

Composite -81.6 -78.7

MRC REFSENS

n28 REFSENS

n28 MSD 17.0

4.5

23

10

-81.5

-98.5


image23.emf
n28 Cross-band MSD PRX DRX

BW

FE Loss 4.0 4.0

Output Power

TX Noise per BW at PA Output -21.0

RX_IIP2, dBm 54 54

Antenna Isolation

RX Isolation -45 -38

TX Isolation -45 -25

TX_IM2 -92.0 -80.0

Tx_noise -62.0 -65.0

TX_total -62.0 -64.9

Thermal noise -94.5 -94.5

Composite -62.0 -64.9

MRC REFSENS

n28 REFSENS

n28 MSD 33.7

4.5

23

10

-64.8

-98.5


