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Introduction
In the RAN4#107 meeting, an updated work plan for the enhancement of sub-1GHz bands was approved [1]. This followed the revision of SID approved in RAN#100 [2] It was also agreed that RAN4 needs to complete the technical study of CA_n5A-n28A-n105A by the RAN4#108 meeting. The following configurations should be considered.

	NR CA configuration
	Uplink CA configuration or single uplink carrier
	NR Band
	Channel bandwidth (MHz)
	Bandwidth combination set

	CA_n5A-n28A-n105A1
	CA_n5A-n28A
CA_n5A-n105A
	n5
	5, 10, 15, 20
	0

	
	
	n28
	5, 10, 15, 20, 25, 30
	

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



In this paper, we’d like to discuss the RF architecture and potential MSD issue due to intermodulation of CA_n5A-n28A or CA_n5A-n105A.

UE RF architecture
Referring to the previous study of CA_n8-n20-n28, two-antenna RF architecture, three-antenna RF architecture and four-antenna RF architecture can also be considered for CA_n5-n28-n105. Previous agreements in RAN4 have concluded that two up links n28 and n 105 cannot be simultaneously active due to IMD issues. Here Tx switching ( not shown in the architecture diagrams below) will be required to enable only one band in uplink mode. However, two uplinks n5-n28 and n5-n105 are allowed and a single up link in all three bands is allowed. 
For the two-antenna RF architecture, it seems that it’s very difficult to achieve two or three quadplexer/pentaplexer and wide bandwidth low band antenna shown below. However, there are measurements to show quad band feasibility for the low bands and it seems within the realms of feasibility that four antennas covering 698- 960 MHz are possible. Noted that this is not the range covering n5A-n28A-n105A but the bandwidth ratio of the measurements and the former are similar. 

[image: ]
Figure 1 two-antenna RF architecture for CA_n5-n28-n105
The antenna relative bandwidth ratio for two-antenna RF architecture is shown in table 1.
Table 1 the antenna relative bandwidth ratio for two-antenna RF architecture
	Antenna
	The covered frequency range
	Relative bandwidth ratio

	Main TRx antenna
	612~894MHz
	37%

	Diverstiy TRx antenna
	612~894MHz
	37%



For three-antenna RF architecture, we provide three types (a) (b) and (c) as below. 

[image: ]
Figure 2 three-antenna RF architecture (solution A) for CA_n5-n28-n105 (dual transmitter antenna architecture)
For a three-antenna RF architecture in Fig 2, the UE has also to implement a quadplexer (n5UL/n5DL/n105DL/n105UL). In addition, wide bandwidth antenna is another challenge for this type of UE RF architecture to cover frequency range from 612MHz to 894MHz. The antenna relative bandwidth ratio for three-antenna RF architecture (solution A) is shown in Ttable 2.
Table 2 the antenna relative bandwidth ratio for three-antenna RF architecture (solution A)
	Antenna
	The covered frequency range
	Relative bandwidth ratio

	Main TRx antenna 1
	612~894MHz
	37%

	Main TRx antenna 2
	703~803MHz
	13%

	Diverstiy TRx antenna
	612~894MHz
	37%



[image: ]
Figure 3 three-antenna RF architecture (solution B) for CA_n5-n28-n105 (“no common diplexer” based RF front-end antenna)
For the three-antenna RF architecture Fig 3, the challenge is to implement a quadplexer (n5UL/n5DL/n105DL/n28DL), but wide bandwidth antenna in main TRx 2 can be tuned at the UL frequency range of band n5, which may help ease the design of low band antenna. The antenna relative bandwidth ratio for three-antenna RF architecture (solution B) is shown in table 3.
Table 3 the antenna relative bandwidth ratio for three-antenna RF architecture (solution B)
	Antenna
	The covered frequency range
	Relative bandwidth ratio

	Main TRx antenna 1
	703~803MHz (band n28 is active)
612~703MHz (band n105 is active)
	13%
13.8%

	Main TRx antenna 2
	612~894MHz
	37%

	Diverstiy TRx antenna
	612~894MHz
	37%




[image: ]
Figure 4 three-antenna RF architecture (solution C) for CA_n5-n28-n105
For three-antenna RF architecture Fig 4, only single UL is supported for CA_n5-n28-n105. Two Rx filter groups are considered and the antenna efficiency can be compromised for pure Rx wide bandwidth antenna. This kind of implementation can be achieved more easily. The antenna relative bandwidth ratio for three-antenna RF architecture (solution C) is shown in table 4.
Table 4 the antenna relative bandwidth ratio for three-antenna RF architecture (solution C)
	Antenna
	The covered frequency range
	Relative bandwidth ratio

	Main TRx antenna 1
	824~894MHz (band n5 is active)
703~803MHz (band n28 is active)
612~703MHz (band n105 is active)
	8%
13%
13.8%

	Main TRx antenna 2
	612~894MHz
	37%

	Diverstiy TRx antenna
	612~894MHz
	37%



In addition, four-antenna RF architecture is also provided as below. For this implementation, there is no need to achieve complex multiplexer or wide bandwidth antenna. But the implementation for four low band antennas are very challenge for smart phone as the size of smartphone is very limited. The antenna relative bandwidth ratio for four-antenna RF architecture is shown in table 5.
[image: ]
Figure 5 four-antenna RF architecture for CA_n5-n28-n105
Table 5 the antenna relative bandwidth ratio for four-antenna RF architecture
	[bookmark: _Hlk141362655]Antenna
	The covered frequency range
	Relative bandwidth ratio

	Main TRx antenna 1
	612~703MHz (band n105 is active)
	13.8%

	Main TRx antenna 2
	824~894MHz (band n5 is active)
	8%

	Main TRx antenna 3
	703~803MHz (band n28 is active)
	13%

	Diverstiy TRx antenna
	612~894MHz
	37%




Observation 1: from UE implementation perspective, two-antenna RF architecture, three-antenna RF architecture and four-antenna RF architecture can be considered for CA_n5-n28-n105. But the implementation or the number of low band antennas have different advantages or disadvantages. 

1) For two-antenna UE RF architecture, although only two low band antennas are kept due to the compact size of smartphone, UE has to face the difficulties of wide bandwidth low-band antenna and complex multiplexer.
[bookmark: _Hlk141362488]2) For three-antenna UE RF architecture, one more low-band antenna can help ease the design of wide bandwidth antenna and avoid to implement the most complex multiplexer comparing to two-antenna UE RF architecture.
[bookmark: _Hlk141362680]3) For four-antenna UE RF architecture, even if UE can avoid implementing wide bandwidth low-band antenna and complex multiplexer, UE pays the price of space and antenna performance.

Proposal 1: it’s recommended to implement three-antenna UE RF architecture for CA_n5-n28-n105 as this implementation can balance the complexity of filter/antenna within the form factor of a UE.

Discussion on Delta Tib and Rib
Referring to the endorsed CR [3], RAN4 has agreed to specify Delta Tib and Rib for CA_n5-n28 as below.
Table 6 ΔTIB,c and ΔRIB,c for CA_n5-n28
	Inter-band CA Configuration
	NR Band
	ΔTIB,c [dB]
	ΔRIB,c [dB]

	CA_n5A-n28A
	n5
	0.7
	0.2

	
	n28
	0.7
	0.2



Referring to the draft CR [4] for CA_n28-n105, RAN4 has approved the following candidate values for further discussion.

	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.






Thus, it’s better to derive ΔTIB,c and ΔRIB,c for CA_n5-n28-n105 based on the band combination CA_n5-n28 and CA_n28-n105.

Proposal 2: Comparing to the Tib and Rib of CA_n5-n28 and CA_n28-n105, the following Delta Tib and Rib values for CA_n5-n28-n105 can be considered.
Table 7 ΔTIB,c and ΔRIB,c for CA_n5-n28-n105
	Inter-band CA Configuration
	NR Band
	ΔTIB,c [dB]
	ΔRIB,c [dB]

	CA_n5A-n28A-n105A
	n5
	0.7
	0.2

	
	n28
	Max(0.7, the value from CA_n28-n105)
	Max(0.2, the value from CA_n28-n105)

	
	n105
	the value from CA_n28-n105
	the value from CA_n28-n105



Discussion on MSD due to intermodulation
UL n5-n105
Table 8 lists Band n5 + Band n105 2UL bands CA 2nd, 3rd, 4th and 5th order IMD for the UE-to-UE coexistence analysis, which may fall into the Rx receiver of DL band n28.
Table 8 UL CA_n5-n105 IMD product
	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



Observation 2: there is no IMD interference which fall into Rx frequencies of third DL band n28 when CA_n5-n105 is the UL configuration.

UL n5-n28
Table 9 lists Band n5 + Band n28 2UL bands CA 2nd, 3rd, 4th and 5th order IMD for the UE-to-UE coexistence analysis, which may fall into the Rx receiver of DL band n105.

Table 9 UL CA_n5-n28 IMD product
	UE UL carriers
	fx_low
	fx_high
	fy_low
	fy_high

	UL frequency (MHz)
	703
	748
	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)
	76
	146
	1527
	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)
	557
	672
	900
	995

	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)
	2230
	2345
	2351
	2446

	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)
	1260
	1420
	1724
	1844

	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)
	2933
	3093
	3175
	3295

	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)
	292
	152
	3054
	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)
	2693
	2548
	2168
	1963

	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)
	1141
	976
	596
	411

	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)
	3999
	4144
	3636
	3841

	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)
	3878
	4043
	3757
	3942




Observation 3: 3rd order IMD may also fall into mobile receive frequencies of third DL band n105 when CA_n5-n28 is the UL configuration.
There are network-based mitigation issues discussed later to address any potential impact of the IMD.
Three-antenna RF architecture Fig 2 and Fig 3 respectively are used to derive the MSD of band n105 when UL CA is CA_n5-n28. These architectures are referred to as dual-transmitter antenna architecture Fig 2 and no common diplexer band RF architecture Fig 3 in 3GPP reference TR 36.860 [7].
The component linearity assumptions, the component attenuation and isolation values are listed in Tables 5 and 6 respectively.
Table 5 General linearity parameters
	Component
	IP3(dBm)

	Antenna switch
	[bookmark: OLE_LINK1]68

	Diplexer
	86

	[bookmark: OLE_LINK2]Triplexer/Duplexer
	74

	PA forward mixing
	30

	PA reverse mixing
	28

	LNA
	-6


The above values are based on common understanding in RAN4. Company’s contribution [8] is referred.

Table 6 Attenuation and isolation values
	Attenuation and Isolation Parameter
	Value (dB)
	Comment

	Antenna ISO
	10
	

	PA gain
	25
	

	PCB isolation Paout-Pain
	60
	PCB isolation (PA forward mixing)

	n28 Tx attenuation at Band n105 Rx
	30
	

	n28 Tx attenuation at Band n5 Tx
	30
	

	n5 Tx attenuation at n105 RX
	30
	

	n5 Tx attenuation at n28 TX
	30
	

	n105 Rx attenuation at n5 TX
	40
	

	n105 Rx attenuation at n28 RX
	40
	


The above values are based on common understanding in RAN4 especially for PA gain and PCB/antenna isolation referring to TR 36.860 [7].
Table 7 summarize the MSD analysis results for DL_n5A-n28A-n105A_UL_n5A-n28A. Some main IMD interference paths were depicted in figure 6.
What Fig 2 and Fig 3 are different architectures, but from MSD calculation point of view, they are essentially the same. This is because these two architectures have the same characteristics. Namely, Tx chains of band n28 and n5 are split under two antennas and the main Rx chain of band n105 is combined with the Tx chain of band n5. Therefore, we only show one table of MSD calculation.
Table 7 MSD calculation for victim Rx of band n105 when UL_n5A-n28A
	No.
	Component
	IMD3(dBm/5MHz)

	
	
	Main_@Antenna
	Div_@Antenna

	1)
	n5 PA Forward mixing interference
	-95.305
	

	2)
	n28 PA Forward mixing interference
	-69.15
	

	3)
	n5 PA Reserve mixing interference
	-112.5
	

	4)
	n28 PA Reserve mixing interference
	-76
	

	
	n5/n105 quadplexer
	-210.5
	

	
	n28 Duplexer
	-156
	

	5)
	n105 LNA via filters
	-66
	-79

	
	n105 LNA via PCB coupling
	-94
	-94

	
	Diplexer (L-H)
	-133
	-142

	
	Antenna switch
	-99
	-135.5

	
	From main path
	
	-73.99

	
	Total
	-63.99
	-72.77



[image: ]
Figure 6 The illustration of main IMD interference paths.

Proposal 3: It’s proposed to capture band n105 MSD due to IMD3 of Tx band n5 + band n28 as below.
	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_n5-n28-n105
	n5
	845
	5
	25
	890
	N/A
	FDD
	N/A

	
	n28
	740
	5
	25
	795
	N/A
	FDD
	N/A

	
	n105
	686
	5
	25
	635
	22.9
	FDD
	IMD3



[bookmark: _Hlk141362747]Generally, there are some network deployment methods to avoid the IMD product hitting the DL carrier directly. For example, if the UL carrier in band n28 is configured in 703~718MHz, no matter which UL frequency carrier in band n5 is configured, the IMD3 products will not hit the DL carrier in band n105 directly.

Observation 4: Generally, there are some network deployment methods to avoid the IMD product hitting the DL carrier directly. For example, if the UL carrier in band n28 is configured in 703~718MHz, no matter which UL frequency carrier in band n5 is configured, the IMD3 products will not hit the DL carrier in band n105 directly.

Summary
Observation 1: from UE implementation perspective, two-antenna RF architecture, three-antenna RF architecture and four-antenna RF architecture can be considered for CA_n5-n28-n105. But the implementation or the number of low band antennas have different advantages or disadvantages. 

1) For two-antenna UE RF architecture, although only two low band antennas are kept due to the compact size of smartphone, UE has to face the difficulties of wide bandwidth low-band antenna and complex multiplexer.
2) For three-antenna UE RF architecture, one more low-band antenna can help ease the design of wide bandwidth antenna and avoid to implement the most complex multiplexer comparing to two-antenna UE RF architecture.
3) For four-antenna UE RF architecture, even if UE can avoid implementing wide bandwidth low-band antenna and complex multiplexer, UE pays the price of space and antenna performance.

Proposal 1: it’s recommended to implement three-antenna UE RF architecture for CA_n5-n28-n105 as this implementation can balance the complexity of filter/antenna within the form factor of a UE.


Proposal 2: Comparing to the Tib and Rib of CA_n5-n28 and CA_n28-n105, the following Delta Tib and Rib values for CA_n5-n28-n105 can be considered.
Table 10 ΔTIB,c and ΔRIB,c for CA_n5-n28-n105
	Inter-band CA Configuration
	NR Band
	ΔTIB,c [dB]
	ΔRIB,c [dB]

	CA_n5A-n28A-n105A
	n5
	0.7
	0.2

	
	n28
	Max(0.7, the value from CA_n28-n105)
	Max(0.2, the value from CA_n28-n105)

	
	n105
	the value from CA_n28-n105
	the value from CA_n28-n105



Observation 2: there is no IMD interference which fall into Rx frequencies of third DL band n28 when CA_n5-n105 is the UL configuration.
Observation 3: 3rd order IMD may also fall into mobile receive frequencies of third DL band n105 when CA_n5-n28 is the UL configuration.

Proposal 3: It’s proposed to capture band n105 MSD due to IMD3 of Tx band n5 + band n28 as below.
	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_n5-n28-n105
	n5
	845
	5
	25
	890
	N/A
	FDD
	N/A

	
	n28
	740
	5
	25
	795
	N/A
	FDD
	N/A

	
	n105
	686
	5
	25
	635
	22.9
	FDD
	IMD3



Observation 4: Generally, there are some network deployment methods to avoid the IMD product hitting the DL carrier directly. For example, if the UL carrier in band n28 is configured in 703~718MHz, no matter which UL frequency carrier in band n5 is configured, the IMD3 products will not hit the DL carrier in band n105 directly.
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