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Introduction
In RAN4#104bis meeting, a WF [1] for CA_n5-n8 was approved with the following outcomes. 
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.
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.

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.

Issue 2-6: IMD for 2UL CA_n5-n8
· Proposals
· Option 1: No need to define the IMD MSD requirement for UL CA_n5-n8 considering the frequency ranges restriction of n5 and n8.
· Agreements
· No need to define the IMD MSD requirement for UL CA_n5-n8 considering the frequency ranges restriction of n5 and n8.
· MSD due to n5 DL and n8 UL overlapping is further studied in both 1UL and 2UL cases.
· This does not prevent from agreeing on any solutions given in Issue 2-5.

In this paper, we’d like to provide our views on RF architecture assumption and potential solution for CA_n5-n8.
Discussion on RF architecture
Based on the WF [1], the following RF architecture is assumed as baseline for CA_n5-n8 study.
· 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.
In addition, both single band filter and dedicated filter can be used in the study.
For 2 antenna architecture, a dedicated quadplexer filter has to be used in main path to achieve the UL/DL CA for band n5 and n8. In order to use this quadplexer efficiently, this quadplexer filter can has a full frequency range of band n5 and partial frequency range of band n8. That means UE vendor can only implement another full frequency range duplexer for band n8 to support the full frequency range deployment. The potential RF architecture can be shown as below
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Figure 1 two antennas RF architecture for CA_n5-n8
The frequency range for quadplexer and band n8 duplexer can be designed as below.
Quadplexer:
Band n5 Tx: 824~849MHz
Band n5 Rx: 869~894MHz
Band n8 Tx: 904~915MHz
Band n8 Rx: 949~960MHz or 925~960MHz
Band n8 Duplexer: (Used for band n8 deployment without band n5)
Band n8 Tx: 880~915MHz
Band n8 Rx: 925~960MHz
Band n5 + n8 DUP: (diversity Rx filter)
Band n5 Rx: 869~894MHz
Band n8 Rx: 925~960MHz

Three points should be highlighted for this two antennas’ RF architecture. Firstly, this Quadplexer can be considered as an extension of band n5 duplexer. Secondly, UE vendors can only add one more full frequency band n8 duplexer after switch to support band n8 single carrier deployment. Thirdly, we can further discuss if band n8 DL full frequency range or only restricted band n8 DL frequency range can be implemented in this Quadplexer.
Observation 1: if UE implemented two antennas’ RF architecture for CA_n5-n8, a new quadplexer has to be assumed in the RF architecture.
Proposal 1: Figure 1 can be considered as a candidate reference for two antennas RF architecture of CA_n5-n8. The frequency range for quadplexer and band n8 duplexer can be designed as below.
Quadplexer:
Band n5 Tx: 824~849MHz
Band n5 Rx: 869~894MHz
Band n8 Tx: 904~915MHz
Band n8 Rx: 949~960MHz or 925~960MHz
Band n8 Duplexer: (Used for band n8 deployment without band n5)
Band n8 Tx: 880~915MHz
Band n8 Rx: 925~960MHz
Band n5 + n8 DUP: (diversity Rx filter)
Band n5 Rx: 869~894MHz
Band n8 Rx: 925~960MHz

For 3 antenna architecture, (one dedicated duplexer + one general duplexer) or (two general duplexers) or (two dedicated duplexers) can be considered as candidate solutions for CA_n5-n8. We list four potential RF architectures as figure 2~5. And the frequency ranges of each component are listed for 4 candidate RF architectures in table 1.
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Figure 2 RF architecture 1 for CA_n5-n8 with 3 antennas
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Figure 3 RF architecture 2 for CA_n5-n8 with 3 antennas
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Figure 4 RF architecture 3 for CA_n5-n8 with 3 antennas
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Figure 5 RF architecture 4 for CA_n5-n8 with 3 antennas
Table 1 The frequency ranges of each component for 4 kinds of RF architectures
	RF architecture for CA_n5-n8 with 3 antennas
	CA_n5-n8 deployment for main path 1 and path 2
	single carrier n5 or n8 deployment
	n5+n8 Rx DUP for diversity Rx filter

	RF architecture 1
	n5 partial range duplexer:
Tx: 824~849MHz, Rx: 869~880MHz
n8 partial range duplexer:
Tx: 904~915MHz, Rx: 925~960MHz
	n5: full frequency range duplexer
n8: full frequency range duplexer
	Band n5 Rx: 869~894MHz
Band n8 Rx: 925~960MHz

	RF architecture 2
	n5 full range duplexer:
Tx: 824~849MHz, Rx: 869~894MHz
n8 partial range duplexer:
Tx: 904~915MHz, Rx: 925~960MHz
	
	

	RF architecture 3
	n5 partial range duplexer:
Tx: 824~849MHz, Rx: 869~880MHz
n8 full range duplexer:
Tx: 880~915MHz, Rx: 925~960MHz
	
	

	RF architecture 4
	n5 full range duplexer:
Tx: 824~849MHz, Rx: 869~894MHz
n8 full range duplexer:
Tx: 880~915MHz, Rx: 925~960MHz
	
	



For RF architecture 1: since two dedicated duplexer are used in RF architecture, 40 dB rejections between Rx: 869~880MHz and Tx: 904~915MHz can be expected and seems feasible. However, two more dedicated duplexers will cause additional costs.
For RF architecture 2: Since one dedicated duplexer of band n8 is used in RF architecture, 40 dB rejections for band n8 Tx filter: 904~915MHz at Rx: 869~894MHz can be expected and seems feasible. And further check whether 35~40 dB rejection for band n5 Rx filter: 869~894MHz at Tx: 904~915MHz is feasible or not. However, only one more dedicated duplexer may balance the additional costs and performance. The frequency restriction may only occur at band n8 Tx filter.
For RF architecture 3: Since one dedicated duplexer of band n5 is used in RF architecture, 40 dB rejections for band n5 Rx filter: 869~880MHz at Tx: 904~915MHz can be expected and seems feasible. And further check whether 35~40 dB rejections for band n5 Rx filter: 869~880MHz can be extend to larger range, e.g. Tx: 889~915MHz or not. Band n8 Tx filter: 880~915MHz at Rx: 869~880MHz may have a few rejection. However, only one more dedicated duplexer may balance the additional costs and performance. The frequency restriction may only occur at band n5 Rx filter and further check the restricted UL frequency range of band n8.
For RF architecture 4: Two general duplexers of band n5 and n8 are used in RF architecture. Further check whether 40 dB rejection for band n5 Rx filter: 869~894MHz at Tx: 904~915MHz can be expected and feasible or not. Band n8 Tx filter: 880~915MHz at Rx: 869~880MHz may have a few rejections. However, there is no dedicated duplexer for this solution, so the additional costs are not observed. The UL frequency range of band n8 have to be restricted at Tx: 904~915MHz.
Proposal 2: Figure 2~5 can be considered as candidate references for three antennas RF architecture of CA_n5-n8. The frequency ranges of each component are listed for 4 candidate RF architectures in table 1.
Summary
Observation 1: if UE implemented two antennas’ RF architecture for CA_n5-n8, a new quadplexer has to be assumed in the RF architecture.
Proposal 1: Figure 1 can be considered as a candidate reference for two antennas RF architecture of CA_n5-n8. The frequency range for quadplexer and band n8 duplexer can be designed as below.
Quadplexer:
Band n5 Tx: 824~849MHz
Band n5 Rx: 869~894MHz
Band n8 Tx: 904~915MHz
Band n8 Rx: 949~960MHz or 925~960MHz
Band n8 Duplexer: (Used for band n8 deployment without band n5)
Band n8 Tx: 880~915MHz
Band n8 Rx: 925~960MHz
Band n5 + n8 DUP: (diversity Rx filter)
Band n5 Rx: 869~894MHz
Band n8 Rx: 925~960MHz
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Figure 1 two antennas RF architecture for CA_n5-n8







Proposal 2: Figure 2~5 can be considered as candidate references for three antennas RF architecture of CA_n5-n8. The frequency ranges of each component are listed for 4 candidate RF architectures in table 1.
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Figure 5 RF architecture 4 for CA_n5-n8 with 3 antennas
Table 1 The frequency ranges of each component for 4 kinds of RF architecture
	RF architecture for CA_n5-n8 with 3 antennas
	CA_n5-n8 deployment for main path 1 and path 2
	single carrier n5 or n8 deployment
	n5+n8 Rx DUP for diversity Rx filter

	RF architecture 1
	n5 partial range duplexer:
Tx: 824~849MHz, Rx: 869~880MHz
n8 partial range duplexer:
Tx: 904~915MHz, Rx: 925~960MHz
	n5: full frequency range duplexer
n8: full frequency range duplexer
	Band n5 Rx: 869~894MHz
Band n8 Rx: 925~960MHz

	RF architecture 2
	n5 full range duplexer:
Tx: 824~849MHz, Rx: 869~894MHz
n8 partial range duplexer:
Tx: 904~915MHz, Rx: 925~960MHz
	
	

	RF architecture 3
	n5 partial range duplexer:
Tx: 824~849MHz, Rx: 869~880MHz
n8 full range duplexer:
Tx: 880~915MHz, Rx: 925~960MHz
	
	

	RF architecture 4
	n5 full range duplexer:
Tx: 824~849MHz, Rx: 869~894MHz
n8 full range duplexer:
Tx: 880~915MHz, Rx: 925~960MHz
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