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1. [bookmark: OLE_LINK5][bookmark: OLE_LINK6]Introduction
In RAN4#104bis-e meeting, the feasibility of two low band CA including CA_n5-n8 was discussed but still need further study. The agreement and way forward are captured in [1]. This contribution will further provide our view on CA_n5-n8.
2. Discussion
	Issue 2-1: Whether 2 antenna architecture is down selected for the requirements study
Issue 2-2: Which architecture is based for the UE RF requirement if two architectures are allowed?
GTW Agreement:
· Both 2 and 3 antenna architectures will be analysed in the study item
· It will be decided in WI phase which one of two UE architectures will be used to specify the requirements.


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

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 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.
Proposal 1: It is proposed to use the RF front end architecture in figure 1 (2 antenna) and figure 2 (3 antenna) for further study.

	Issue 2-4: Whether the filter can be dedicated, based on the restricted frequency range.
· Proposals
· Option 1: Yes
· Option 2: No
· Agreements
· Both single band filter and dedicated filter can be used in the study.
Issue 2-5: Possible solutions for CA_n5-n8
· Proposals
· Option 1: n8 Tx restricted RBs
· Option 2: n8 TX power reduction
· Option 3: non-simultaneous Rx/Tx between n5 DL and n8 UL
· Option 4: restrict to n5 UL only for 1UL/2DL NR CA_n5-n8
· Agreements
· All of the solutions can be candidates at current stage. The detail solution for the corresponding RF architecture can be analyzed and discussed in future meetings.
· The above solutions are for full filters of n5/n8.


In RAN4#104e meeting, the spectrum restriction was introduced for CA_n5-n8 but the filter type was not decided. In the last meeting, RAN4 agreed both single band filter and dedicated filter can be used in the feasibility study. In case the dedicated filter is used, it is considered feasible from the interference standpoint. But the dedicated filter is not preferred by a lot of companies because there is no precedent to design such dedicated filter for a restricted frequency range held by operators. It seem like RAN4 to design a brand new NR band to some extent. We echo the view that it is not a common practice to use dedicated filter for restricted spectrum that is not friendly for UE implementation. Single band filter should be used as a baseline like in single band operation.
Proposal 2: For CA_n5-n8, single band filter should be used as a baseline like in single band operation.
In case the full filter of n5/n8 is used with the spectrum restriction, four solutions are proposed as above. For option 1, the restricted PRB on reduced bandwidth, i.e., 5MHz, 10MHz will make the bandwidth even smaller. For option 2, the reduced Tx power will impact coverage, which is not preferred by operators. Both option 1 and option 2 are technically feasible but at the cost of throughput and coverage. It should be evaluated how much performance gain would be achieved for either option 1 or option 2 compared to single band operation. Operators are encouraged to give their view on these.
For option 3, non-simultaneous Rx/Tx between n5 DL and n8 UL is more straightforward way to avoid the interference between n5 DL and n8 UL. It is also a common solution for CA operation to avoid the potential interference between Rx and Tx. Option 4 is 1UL CA configuration and actually is not required for feasibility study. In case other solutions are not feasible, option 4 is the choice. Based on this, non-simultaneous Rx/Tx between n5 DL and n8 UL is preferred for us.
[bookmark: OLE_LINK3]Proposal 3: Non-simultaneous Rx/Tx between n5 DL and n8 UL is preferred.

	Issue 2-3: RF parameters for requirements analysis
· Proposals
The following parameters are needed for the feasibility study:
· n5 Tx filter attenuation at n8 Rx frequency range
· n5 Rx filter attenuation level at n8 Tx frequency range
· n8 Tx filter attenuation at n5 Rx frequency range
· n8 Rx filter attenuation level at n5 Tx frequency range
· antenna ISO
· RF front end loss
· Agreements
· Companies are encouraged to provide the RF parameters when the feasibility study is conducted.
· The parameters are not limited to above.


The following parameters from our side can be used for feasibility study:
· n5 Tx filter attenuation at n8 Rx frequency range: 50dB
· n5 Rx filter attenuation level at n8 Tx frequency range: 40dB
· n8 Tx filter attenuation at n5 Rx frequency range: 50dB
· n8 Rx filter attenuation level at n5 Tx frequency range: 40dB
· antenna ISO: 10dB
· RF front end loss: 4dB
Proposal 4: The following parameters from our side can be used for feasibility study:
· n5 Tx filter attenuation at n8 Rx frequency range: 50dB
· n5 Rx filter attenuation level at n8 Tx frequency range: 40dB
· n8 Tx filter attenuation at n5 Rx frequency range: 50dB
· n8 Rx filter attenuation level at n5 Tx frequency range: 40dB
· antenna ISO: 10dB
· RF front end loss: 4dB
The text proposal for TR 38.872 v0.2.0 is provided in our companion paper.
3. Conclusion
This contribution gives our views on the feasibility analysis for CA_n5A-n8A. The following proposals are provided: 
Proposal 1: It is proposed to use the RF front end architecture in figure 1 (2 antenna) and figure 2 (3 antenna) for further study.
Proposal 2: For CA_n5-n8, single band filter should be used as a baseline like in single band operation.
Proposal 3: Non-simultaneous Rx/Tx between n5 DL and n8 UL is preferred.
Proposal 4: The following parameters from our side can be used for feasibility study:
· n5 Tx filter attenuation at n8 Rx frequency range: 50dB
· n5 Rx filter attenuation level at n8 Tx frequency range: 40dB
· n8 Tx filter attenuation at n5 Rx frequency range: 50dB
· n8 Rx filter attenuation level at n5 Tx frequency range: 40dB
· antenna ISO: 10dB
· RF front end loss: 4dB
4. Reference
[1] [bookmark: _GoBack]R4-2217708, WF on CA_n5-n8, Xiaomi, RAN4#104bis-e
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