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[bookmark: OLE_LINK6][bookmark: OLE_LINK7]<<Start of Change for TR 38.872>>
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The following documents contain provisions which, through reference in this text, constitute provisions of the present document.
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<<Next of Change>>
[bookmark: _Toc137570243][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.
5.7.1	UE RF architecture assumption 
[bookmark: _Toc129096998][bookmark: _Toc130385511][bookmark: _Toc130387304][bookmark: _Toc130388792][bookmark: _Toc137570163]5.7.1.1	General
The UE RF architectures with 2 antenna, 3 antenna, 4 antenna can be assumed to analyze and study for CA_n5-n28-n105.The antenna number is the total number of antennas to support Main UL/DL and diversity DL for all bands. UE RF architecture with three antennas for CA_n5-n28-n105 is used as baseline for evaluation. The UE RF architectures with two or four antennas are not precluded in the study item. In addition, simultaneous 2-band transmission for UL CA_n28-n105 has been precluded in this combination which can be leveraged to potentially simplify the RF front-end architecture.
[bookmark: _Toc129097000][bookmark: _Toc130385513][bookmark: _Toc130387306][bookmark: _Toc130388794][bookmark: _Toc137570165]5.7.1.2	UE RF architecture with two antennas
For UE RF architecture with two antennas, three types (a) (b) and (c) are provided below for CA_n5-n28-n105.
[image: A diagram of a diagram of a number of triangles

Description automatically generated]
Figure 5.7.1.2-1 two-antenna RF architecture (a) for CA_n5-n28-n105
[image: ]
Figure 5.7.1.2-2 two-antenna RF architecture (b) for CA_n5-n28-n105


Figure 5.7.1.2-3 two-antenna RF architecture (c) for CA_n5-n28-n105
The antenna relative bandwidth ratio for two-antenna RF architecture (a), (b) and (c) is shown below.

Table 5.7.1.2-1: the antenna relative bandwidth ratio for two-antenna RF architecture (a), (b) and (c)
	Antenna
	The covered frequency range
	Relative bandwidth ratio

	Main TRx antenna
	612~894MHz
	37%

	Diverstiy TRx antenna
	612~894MHz
	37%



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. Specifically, 
1) For CA_n5A-n28A-n105A with 2-antenna implementation, the pentaplexer and hexaplexer with 5 and 6 closely spaced frequency ranges could be relatively challenging for filter implementation with acceptable insertion loss and isolation.
2) For CA_n5A-n28A-n105A with 2-antenna implementation, both main and diversity antennas need to cover the entire spectrum range of 282 MHz simultaneously, which is equivalent to a 37.5% bandwidth ratio and that would far 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 highly compromised.
In addition, the other difficulties can be observed, e.g. 
	Uses the lower the entire band n28
	Need the two most critical low bands n28 and n105 in terms on BW and duplex gap
	No gap between n105 and n28
	No option for co-banding
	n5 very close to n28 (even more if implemented with a band 26 filter)
5.7.1.3	UE RF architecture with three antennas
For three-antenna RF architecture, three types (a) (b) and (c) are provided below for CA_n5-n28-n105.
[image: ]
Figure 5.7.1.3-1 three-antenna RF architecture (a) for CA_n5-n28-n105
For a three-antenna RF architecture in Figure 5.7.1.3-1, 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 (a) is shown Table 5.7.1.3-1.
Table 5.7.1.3-1 the antenna relative bandwidth ratio for three-antenna RF architecture (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: C:\Users\z00471447\AppData\Roaming\eSpace_Desktop\UserData\z00471447\imagefiles\29DDAD60-7CF7-4F32-8CA7-9B4BDA7CA9D5.png]
Figure 5.7.1.3-2 three-antenna RF architecture (b) for CA_n5-n28-n105
The three-antenna RF architecture (b) is shown in Figure 5.7.1.3-2. The antenna relative bandwidth ratio for three-antenna RF architecture (b) is shown in 5.7.1.3-2.
Table 5.7.1.3-2 the antenna relative bandwidth ratio for three-antenna RF architecture (b)
	Antenna
	The covered frequency range
	Relative bandwidth ratio

	Main TRx antenna 1
	612~748MHz (UL band n28 is active)
612~703MHz (band n105 is active)
	20%
13.8%

	Main TRx antenna 2
	758~894MHz
	16.5%

	Diverstiy TRx antenna
	612~894MHz
	37%




[image: ]
Figure 5.7.1.3-3 three-antenna RF architecture (c) for CA_n5-n28-n105
For three-antenna RF architecture Fig 5.7.1.3-3, 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 to reuse the existing components as soon as possible. The antenna relative bandwidth ratio for three-antenna RF architecture (c) is shown in table 5.7.1.3-3.
Table 5.7.1.3-3 the antenna relative bandwidth ratio for three-antenna RF architecture (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%






Figure 5.7.1.3-4 three-antenna RF architecture (d) for CA_n5-n28-n105
The three-antenna RF architecture (d) is shown in Figure 5.7.1.3-4. The antenna relative bandwidth ratio for three-antenna RF architecture (d) is shown in 5.7.1.3-4.
Table 5.7.1.3-4 the antenna relative bandwidth ratio for three-antenna RF architecture (b)
	Antenna
	The covered frequency range
	Relative bandwidth ratio

	Main TRx antenna 1
	612~849MHz
	32.4%

	Main TRx antenna 2
	663~894MHz
	29.7%

	Diverstiy TRx antenna
	612~894MHz
	37%



[image: ]
Figure 5.7.1.3-5 three-antenna RF architecture (e) for CA_n5-n28-n105
The three-antenna RF architecture (e) is shown in Figure 5.7.1.3-5. The antenna relative bandwidth ratio for three-antenna RF architecture (e) is shown in 5.7.1.3-5. On concept level, this is basically building on top of CA_n28-n105, by adding one new antenna (n5 Duplexer) and n5 DRX into n28-n105 DX antenna.
Table 5.7.1.3-5 the antenna relative bandwidth ratio for three-antenna RF architecture (b)
	Antenna
	The covered frequency range
	Relative bandwidth ratio

	Main TRx antenna 1
	612~803MHz
	27%

	Main TRx antenna 2
	824~894MHz
	8.1%

	Diverstiy TRx antenna
	612~894MHz
	37%



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 complicated multiplexer comparing to two-antenna UE RF architecture. For CA_n5A-n28A-n105A with 3-antenna implementation under architecture variant (b), the main TRx front-end design is eased by leveraging the non-concurrent UL transmission configuration between n28 and n105.
5.7.1.4	UE RF architecture with four antennas
UE RF architecture with four antennas for CA_n5-n28-n105 is shown below.
[image: ]
Figure 5.7.1.4-1 four-antenna RF architecture for CA_n5-n28-n105
The antenna relative bandwidth ratio for four-antenna RF architecture is shown below.

Table 5.7.1.4-1: the antenna relative bandwidth ratio for two-antenna RF architecture
	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%



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. Four-antenna RF architecture will not be used to specify the requirement for this band combination.

[bookmark: _Toc109046454][bookmark: _Toc129097024][bookmark: _Toc130385537][bookmark: _Toc130387330][bookmark: _Toc130388818][bookmark: _Toc137570189]5.7.2	Operating bands for CA
Table 5.7.2-1: CA band combination of band n5+n28+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

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

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



5.7.3	Channel bandwidths per operating band for CA
Table 5.7.3-1: Supported bandwidths per CA band combination of band n8+n20+n28
	NR CA configuration
	Uplink CA configuration or single uplink carrier
	NR Band
	Channel bandwidth (MHz)
	Bandwidth combination set

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

	
	
	n28
	[bookmark: OLE_LINK5]5, 10, 15, 20, 25, 30
	

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



5.7.4	∆TIB,c and ∆RIB,c values
For CA_n5-n28-n105, the ∆TIB,c and ∆RIB,c values are derived from the existing CA_n5-n28 and CA_n28-n105. The following ∆TIB,c and ∆RIB,c values for CA_n5-n28-n105 can be further considered referring to the contribution [15].
Table 5.7.4-1: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



Referring to the contribution [16], the following ∆TIB,c and ∆RIB,c values in table 5.7.4-2 were proposed after considering the factors:
•	Co-banding of n5 with n26
•	The critical design of the band n105, n28 and n26 duplexers to be further multiplexed in a LBLBLB configuration
•	A two-antenna architecture in the future
•	Potential split approach for band n28
•	Existing Delta T and Delta R from 2 band fallbacks
Table 5.7.4-1:ΔTIB,c and ΔRIB,c for CA_n5-n28-n105
	Inter-band CA
combination
	ΔTIB,c for NR bands (dB)
	ΔRIB,c for NR bands (dB)

	
	Component band in order of bands in configuration9

	CA_ n5-n28-n105
	0.7
	1.1
	1.1
	0.5
	0.7
	0.7



5.7.5	UE co-existence studies for UL inter-band CA
Table 5.7.5-1 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 5.7.5-1: 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




Table 5.7.5-2 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 5.7.5-2: 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



There is no IMD interference which fall into Rx frequencies of third DL band n28 when CA_n5-n105 is the UL configuration.
3rd order IMD may also fall into Rx frequencies of third DL band n105 when CA_n5-n28 is the UL configuration.

5.7.6	REFSENS evaluation
For MSD due to cross band isolation, cross-band analysis done for 2-band cases are sufficient, and no new cross-band analysis are needed for 3-band case
For MSD due to IMD interference on 3rd band, the following inputs were provided.
1) The MSD test configurations were evaluated as below for band n105 MSD due to IMD3 of Tx band n5 + band n28 referring to contribution [15].
Table 5.7.6-1: REFSENS exceptions due to IMD interference for CA_n5-n28-n105
	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



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.
2) In addition, another contribution [16] proposed to derive the MSD due to IMD3 from CA_n8-n20-n28 with additional scaling factor. The scaling factor mainly consider the following reasons:
· n28 UL distance to n105 is smaller than n20 to n8
· n28 UL filter is more critical than band n20 and the lower side is more critical resulting in lower cross-band isolation
· The lower IMD3 is often higher since the PA has higher gain at lower frequencies. 
It’s suggested to increase the MSD level by (6) dBs: 2dB for higher level lower IMD3 vs upper and 4dB for lower isolation compared with the MSD of CA_n8-n20-n28 as below.
Table 5.7.6-2: REFSENS exceptions due to IMD interference for CA_n5-n28-n105
	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
	826.5
	5
	25
	871.5
	N/A
	FDD
	N/A

	
	n28
	738.0
	5
	25
	793
	N/A
	FDD
	N/A

	
	n105
	N/A
	5
	25
	649.5
	30.3
	FDD
	IMD3



<<End of Change>>
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