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1. [bookmark: OLE_LINK5][bookmark: OLE_LINK6]Introduction
In RAN4#104-e meeting, the feasibility of two low band CA including CA_n5-n8 was discussed but still need further study. This contribution will further provide our view on CA_n5-n8.
2. Discussion
In the last meeting, the agreements and way forward on CA_n5-n8 are given in [1] as below:
	2.2.1 Spectrum restriction assumption for the analysis
Agreement:
· UE should support the full range of spectrum for single band operations on both n5 and n8
· Use the following frequency ranges for further discussion for spectrum restriction to support uplink CA_n5-n8.
	
	UL
	DL

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

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


2.2.2 UE RF architecture assumption
The following UE RF architectures can be assumed in the future meetings’ analysis for CA_n5-n8.
2 antenna, 3 antenna. The antenna number is the total number of antennas to support Main UL/DL and diversity DL for all bands.
2.2.3 CBW assumption
The following is the assumption of BCS0:
n5: {5,10}MHz, n8{5, 10}MHz
2.2.4 RF parameters assumption
Continue the RF parameters discussion when the UE RF architecture and CBW are agreed.
2.2.5 Feasibility issues need to be analysed 
The following issues will be analyzed in the feasibility study.
· The MSD due to IMD and cross band isolation. 
· The impact on n5 out-of-band blocking requirement.
2.2.6 Other observations and proposals 
The following RF requirement framework applies to CA_n5-n8, CA_n5-n28 and CA_n8-n20-28.
· Operating bands for CA
· Channel bandwidths per operating band for CA
· UE co-existence requirement
· ∆TIB and ∆RIB values
· REFSENS requirements (MSD)
· Maximum output power
2.2.7 UL configuration
The CBW of UL configuration CA_n5-n8 is the same as the DL. The same RB allocation with single band REFSENS UL configuration is considered as the starting point.


The spectrum restriction is introduced based on operators’ request to solve frequency overlapping between n5 and n8.
	
	UL
	DL

	Band n5
	824MHz - 835MHz
	869MHz - 880MHz

	Band n8
	904MHz - 915MHz
	949MHz - 960MHz


With the spectrum restriction, there is no IMD issue for CA_n5-n8 with two uplink transmission. So no MSD due to IMD should be introduced.
Observation 1: With the spectrum restriction there is no IMD issue for CA_n5-n8 with two uplink transmission.
For CA_n5-n8, two candidate RF architectures are agreed for further study. The UE RF architectures can be 
· 3 antenna architecture (2 Tx/Rx main antenna, 1 Rx diversity antenna)
· 2 antenna architecture (1 Tx/Rx main antenna, 1 Rx diversity antenna)

Table 1: UE RF architecture for CA_n5A-n8A

	CA configuration
	NR bands
	2 antenna
	3 antenna

	
	
	Tx/Rx capable LB Ant. 1
	Rx Diversity Ant. 2
	Tx/Rx Capable LB Ant. 1
	Tx/Rx Capable LB Ant. 2
	Rx Diversity Ant. 3

	CA_n5A-n8A
	n5
	Quadplexer
	n5 Rx + n8 Rx Duplexer
	Duplexer
	
	n5 Rx + n8 Rx Duplexer

	
	n8
	
	
	
	Duplexer
	





Figure 1: 2 antenna architecture for CA_n5A-n8A


Figure 2: 3 antenna architecture for CA_n5A-n8A

Based on previous agreements, RAN4 need to study such two RF architectures, i.e. 2 antenna and 3 antenna. The 2 antenna architecture and 3 antenna are illustrated in figure 1 and figure 2, respectively. It is proposed to use figure 1 and figure 2 as baseline for further study.
Proposal 1: It is proposed to use the RF front end architecture in figure 1 (2 antenna) and figure 2 (3 antenna) as baseline for further study.
For 2 antenna architecture, the number of antenna is reduced as much as possible by using a quadplexer so that the space issue is alleviated for smartphone. But a relatively large challenge would be caused for low band wideband antenna because a low band antenna is expected to cover a wide bandwidth across two bands. 
For 3 antenna architecture, it is a feasible solution providing that 3 antenna architecture can be accommodated in a smartphone. Separate antenna architecture enables a good isolation but the trade-off between isolation and space should be evaluated. Based on the commercial smartphone design, 3 antenna architecture is able to be accommodated in a smartphone so the space of smartphone is not a problem. Currently 3 antenna architecture is much more preferred in practice.
Observation 2: 3 antenna architecture is able to be accommodated in a smartphone so the space of smartphone is not a problem based on the commercial smartphone design. Currently 3 antenna architecture is much more preferred in real implementation for CA_n5A-n8A.
Given that both 2 antenna and 3 antenna architectures are considered for further study, it is expected that two different sets of RF requirements will be obtained. In general, UE RF requirement specified in the specification is agnostic to UE RF architecture and specification does not restrict the UE implementation. As usual, RAN4 should define one set of RF requirements but it is still unclear which set of RF requirements will be considered. So it should be clarified which set of RF requirement will be used or the worst case can be used. In our understanding, it would be appropriate to use the worst case to define the minimum requirements by considering all UE RF architectures.
Proposal 2: For CA_n5A-n8A, RAN4 should clarify which set of RF requirement, e.g., worst case, will be used to define minimum requirements by considering all UE RF architecture.
3. Conclusion
This contribution gives our views on the feasibility analysis for CA_n5A-n8A. The following observations and proposed are provided: 
Observation 1: With the spectrum restriction, there is no IMD issue for CA_n5-n8 with two uplink transmission.
Observation 2: 3 antenna architecture is able to be accommodated in a smartphone so the space of smartphone is not a problem based on the commercial smartphone design. Currently 3 antenna architecture is much more preferred in real implementation for CA_n5A-n8A.
[bookmark: _GoBack]Proposal 1: It is proposed to use the RF front end architecture in figure 1 (2 antenna) and figure 2 (3 antenna) as baseline for further study.
Proposal 2: For CA_n5A-n8A, RAN4 should clarify which set of RF requirement, e.g., worst case, will be used to define minimum requirements by considering all UE RF architecture.
4. Reference
[1] R4-2214445, WF on study on FS_NR_700800900, CATT, RAN4#104-e
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