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Introduction
In RAN4#106bis meeting, we have the following WF [1] on RF architecture and critical issues for CA_n26-n28. During the discussion, there are two cases whether to restrict the frequency range of band n28.

	Case 1: lower 30MHz of n28 (UL: 703~733MHz, DL: 758~788MHz) is supported.
Case 2: entire n28 frequency range (UL: 703~748MHz, DL: 758~803MHz) is supported.



In this paper, we’d like to further discuss the RF architecture and evaluate the potential MSD issues for CA_n26-n28.
Discussion on RF architecture
In the way forward [1], three potential UE RF architectures for CA_n26A-n28A case 1 and case 2 are proposed to be considered as shown below. 
Architecture 1 and 2: Although two low band antennas can be implemented, it’s very challenge to implement Quadplexer/Triplexer with two 11/10MHz gap for n28B DL/n26 UL/n26 DL.
Architecture 3: Generally, three antenna solution can leverage the existing duplexer to achieve this band combination without implementing complicated Quadplexer and Triplexer. However, UE may have to overcome some difficulties when three low band antennas are implemented in smart phone.
Proposal 1: three-antennas solution can be assumed as baseline for real implementation or MSD evaluation considering the difficulties of Quadplexer/Triplexer implementation.


	RF architecture
	Case 1
	Case 2

	Architecture 1:
Quadplexer solution for CA_n26-n28 with two antennas
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	Architecture 2:
Triplexer solution for CA_n26-n28 with two antennas
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	Architecture 3:
Three-antenna solution for CA_n26-n28
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Discussion on Delta Tib and Rib
In WF [2] for CA_n5-n28, we have an agreement on Delta Tib and Rib. The values for CA_n5-n28 can be reused for CA_n26-n28.
Proposal 2: The Delta Tib and Rib values for CA_n5-n28 can be reused for CA_n26-n28.
Table 1: ΔTIB,c
	Inter-band CA Configuration
	NR Band
	ΔTIB,c [dB]

	CA_n26A-n28A
	n26
	0.7

	
	n28
	0.7


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

	CA_n26A-n28A
	n26
	0.2

	
	n28
	0.2



Discussion on MSD due to cross band isolation
Based on the WF, RAN4 identified the MSD issue due to cross band isolation for CA_n26-n28 two cases below.
	MSD category
	Case 1
	Case 2

	Cross band isolation issue
	The 2nd adjacent channel leakage may fall into n28A DL frequency range (774~788) when 20MHz UL CBW is assumed for band n26.
[image: ]
	The 1st adjacent channel leakage may fall into n28 DL frequency range (796~803) when 20MHz UL CBW is assumed for band n26.[image: ]



Since the frequency gaps between n28 DL and n26 UL are different between two cases, filter performance and PA leakage interference in 1st and 2nd adjacent channel are different. Thus, we provide the following evaluation for these two cases assuming three-antennas architecture.
Case 1 (n28A filter is assumed)
For this case, since n28A Rx filter can provide enough rejection at n26 UL frequency range, the main issue is the performance of band n26 Tx filter at 758~788MHz. We assume two values for the evaluation, 35dB and 45dB for band n26 Tx filter rejection at 758~788MHz.

	　
	parameters
	n28 main path
	n28 diversity path
	parameters
	n28 main path
	n28 diversity path

	transmit power for n26, dBm
	　
	23
	23
	　
	23
	23

	Tx band n26 BW(MHz, Lcrb)
	20
	　
	　
	20
	　
	　

	RFFE loss, dB
	4
	　
	　
	4
	　
	　

	Diplexer isolation at n26 uplink freq，dB
	10
	　
	　
	10
	　
	　

	antenna isolation, dB
	10
	　
	　
	10
	　
	　

	n28 receival singal at ANT port, dBm
	　
	13
	13
	　
	13
	13

	n28 filter rejection at 814~849MHz, dB
	33
	　
	　
	33
	　
	　

	signal After n28 filter, dBm
	　
	-24
	-24
	　
	-24
	-24

	Typical receiver IIP2, dB
	50
	　
	　
	50
	　
	　

	TX IM2 noise level refer to RX LNA input, dBm
	　
	-98
	-98
	　
	-98
	-98

	front-end loss 
	4
	　
	　
	4
	　
	　

	TX IM2 noise level at ANT port, dBm
	　
	-94
	-94
	　
	-94
	-94

	noise figure dB
	10.5
	　
	　
	10.5
	　
	　

	Thermal noise at RX ant port(dBm/Hz)
	-163.5
	　
	　
	-163.5
	　
	　

	Rx band n28 BW(MHz, NRB)
	4.5
	　
	　
	4.5
	　
	　

	Thermal noise, dBm
	　
	-96.97 
	-96.97 
	　
	-96.97 
	-96.97 

	ACLR2, dB
	43
	　
	　
	43
	　
	　

	n26 PA leakage PSD at PA output port at 2nd adjacent channel, dBm/MHz
	　
	-33.01 
	　
	　
	-33.01 
	　

	n26 PA noise PSD at PA output port, dBm/Hz
	-125
	　
	　
	-125
	　
	　

	n26 PA noise PSD at PA output port, dBm/RxBW
	　
	-26.48 
	　
	　
	-26.48 
	　

	n26 Tx filter rejection at 758~788MHz, dB
	35
	　
	　
	45
	　
	　

	n26 PA noise power at Rx n28 ant port at 758~788MHz, dBm
	　
	-71.48 
	-71.48 
	　
	-81.48 
	-81.48 

	Total noise level at ANT port
	　
	-71.44 
	-71.44 
	　
	-81.13 
	-81.13 

	SNR requirement for QPSK
	-1
	　
	　
	-1
	　
	　

	REFSENSE (referred to antenna)(5MHz BW)
	　
	-72.44 
	-72.44 
	　
	-82.13 
	-82.13 

	Implementation Margin, dB
	2.5
	　
	　
	2.5
	　
	　

	combined REFSENS(5MHz BW), dBm
	-72.95 
	　
	　
	-82.64 
	　
	　

	MSD
	25.55 
	　
	　
	15.86 
	　
	　


Case 2 (n28B filter is assumed)
For this case, since some legacy n28B Rx filter can provide enough rejection at n26 UL frequency range (e.g. 12dB), TX IM2 will have serious impacts on the REFSENS. In addition, we also provide a set of better rejection performance (Set 2) for comparison.
	
	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




	　
	parameters
	n28 main path
	n28 diversity path
	parameters
	n28 main path
	n28 diversity path

	transmit power for n26, dBm
	　
	23
	23
	　
	23
	23

	Tx band n26 BW(MHz, Lcrb)
	20
	　
	　
	20
	　
	　

	RFFE loss, dB
	4
	　
	　
	4
	　
	　

	Diplexer isolation at n26 uplink freq，dB
	10
	　
	　
	10
	　
	　

	antenna isolation, dB
	10
	　
	　
	10
	　
	　

	n28 receival singal at ANT port, dBm
	　
	13
	13
	　
	13
	13

	　
	　
	　
	　
	　
	　
	　

	n28 filter rejection at 814~849MHz, dB
	12
	　
	　
	33
	　
	　

	signal After n28 filter, dBm
	　
	-3
	-3
	　
	-24
	-24

	Typical receiver IIP2, dB
	50
	　
	　
	50
	　
	　

	TX IM2 noise level refer to RX LNA input, dBm
	　
	-56
	-56
	　
	-98
	-98

	front-end loss 
	4
	　
	　
	4
	　
	　

	TX IM2 noise level at ANT port, dBm
	　
	-52
	-52
	　
	-94
	-94

	　
	　
	　
	　
	　
	　
	　

	noise figure dB
	10.5
	　
	　
	10.5
	　
	　

	Thermal noise at RX ant port(dBm/Hz)
	-164
	　
	　
	-163.5
	　
	　

	Rx band n28 BW(MHz, NRB)
	4.5
	　
	　
	4.5
	　
	　

	Thermal noise, dBm
	　
	-96.97 
	-96.97 
	　
	-96.97 
	-96.97 

	　
	　
	　
	　
	　
	　
	　

	ACLR1, dB
	30
	　
	　
	30
	　
	　

	ACLR2, dB
	43
	　
	　
	43
	　
	　

	n26 PA leakage PSD at PA output port at 1st adjacent channel, dBm/MHz
	　
	-20.01 
	　
	　
	-20.01 
	　

	n26 PA leakage PSD at PA output port at 2nd adjacent channel, dBm/MHz
	　
	-33.01 
	　
	　
	-33.01 
	　

	n26 PA noise PSD at PA output port, dBm/Hz
	-125
	　
	　
	-125
	　
	　

	n26 PA noise PSD at PA output port, dBm/RxBW
	　
	-13.47817482
	　
	　
	-13.47817482
	　

	n26 Tx filter rejection at 758~788MHz, dB
	35
	　
	　
	45
	　
	　

	n26 PA noise power at Rx n28 ant port at 758~788MHz, dBm
	　
	-58.48 
	-58.48 
	　
	-68.48 
	-68.48 

	　
	　
	　
	　
	　
	　
	　

	　
	　
	　
	　
	　
	　
	　

	　
	　
	　
	　
	　
	　
	　

	Total noise level at ANT port
	　
	-51.12 
	-51.12 
	　
	-68.46 
	-68.46 

	SNR requirement for QPSK
	-1
	　
	　
	-1.00 
	　
	　

	REFSENSE (referred to antenna)(5MHz BW)
	　
	-52.12 
	-52.12 
	　
	-69.46 
	-69.46 

	Implementation Margin, dB
	2.5
	　
	　
	2.5
	　
	　

	combined REFSENS(5MHz BW), dBm
	-52.6
	　
	　
	-69.97 
	　
	　

	MSD
	45.87
	　
	　
	28.53 
	　
	　




Observation 1: Since 1st and 2nd adjacent channel leakage fall into the DL frequency range of band n28, serious REFSENS degradation can be observed for both case 1 and case 2.
Proposal 3: the MSD requirements due to cross band isolation for CA_n26-n28 can be further discussed after RAN4 reach some consensus on filter performance and n26 PA linearity performance.
Discussion on MSD due to IMD interference for case 2
The Band n26 and Band n28 UL IMD products are shown as below.
Table 2 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



Based on Table 2, 3rd order IMD may also fall into Rx frequencies of bands n26 when both Band n26 and Band n28 transmit the UL signals. 
814
	
	UL frequency range (MHz)
	DL frequency range (MHz)

	n26
	814~819
	859~864

	n28
	743~748
	798~803



Thus, 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.
Proposal 4: Since the IMD3 from UL CA_n26-n28 missed the DL channel of band n26, there is no need to consider the MSD due to IMD3 for CA_n26-n28.
Summary
Proposal 1: three-antennas solution can be assumed as baseline for real implementation or MSD evaluation considering the difficulties of Quadplexer/Triplexer implementation.
Proposal 2: The Delta Tib and Rib values for CA_n5-n28 can be reused for CA_n26-n28.
Table 1: ΔTIB,c
	Inter-band CA Configuration
	NR Band
	ΔTIB,c [dB]

	CA_n26A-n28A
	n26
	0.7

	
	n28
	0.7


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

	CA_n26A-n28A
	n26
	0.2

	
	n28
	0.2



Observation 1: Since 1st and 2nd adjacent channel leakage fall into the DL frequency range of band n28, serious REFSENS degradation can be observed for both case 1 and case 2.
Proposal 3: the MSD requirements due to cross band isolation for CA_n26-n28 can be further discussed after RAN4 reach some consensus on filter performance and n26 PA linearity performance.
Proposal 4: Since the IMD3 from UL CA_n26-n28 missed the DL channel of band n26, there is no need to consider the MSD due to IMD3 for CA_n26-n28.
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