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1. [bookmark: OLE_LINK5][bookmark: OLE_LINK6]Introduction
A new SI [1] on 700/800/900MHz band combination was approved. RAN4 is tasked to initiate the study work from this meeting. One key issue is RF architecture and its feasibility for such L-L-L and L-L band combinations. This contribution will provide our consideration of RF architecture and its feasibility for 700/800/900MHz band combinations.
2. Discussion
2.1 L-L-L three band combination
Based on 36.715-03-01 [2], RAN4 studied the RF architecture of L-L-L LTE CA band combination, i.e. CA_8A-20A-28A with one UL. Figure 1 illustrates two baseline RF architectures for CA_8A-20A-28A and both are equipped with two Tx/Rx capable low-band main antennas. Also, 1-antenna (without considering diversity antenna) architecture have been investigated but the high insertion loss of pentaplexer of hexplexer is unacceptable at that time. It is also observed no limitation is introduced for UE type.
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Figure 1: RF front-end architecture of CA_8A-20A-28A
In Rel-17, the RF architecture and requirements for L-L-L band combination, i.e. DC_8A-20A_n28A were specified for FWA UE with non-block approval procedure. The WF [3] captures the reference RF architecture for DC_8A-20A_n28A that is a 3-antenna (2 Tx/Rx main antenna, 1 Rx diversity antenna) framework as illustrated in Figure 2. Additionally, 2-antenna architecture (1 Tx/Rx main antenna, 1 Rx diversity antenna) with a pentaplexer was discussed and companies identified numerous challenges such as high insertion loss, Tx-Rx isolation, low band wideband antenna, etc. 
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[bookmark: OLE_LINK2][bookmark: OLE_LINK3]Figure 2: RF front-end architecture for DC_8A-20A_n28A
When it comes to smart phone, whether 3-antenna architecture or other potential RF architectures can be used in a small-sized device need further study. There would be the following two candidate RF architectures for smart phone form factor.
Option 1: 2-antenna (1 Tx/Rx main antenna, 1 Rx diversity antenna) architecture
Option 2: 3-antenna (2 Tx/Rx main antenna, 1 Rx diversity antenna) architecture
For 2-antenna architecture, the problems identified in Rel-17 still remain and even worse for smart phone. The hardware implementation such as pentaplexer is impractical and premature at current stage by considering numerous challenges identified.
For 3-antenna architecture, it seems a feasible solution if 3-antenna architecture can be accommodated in a smart phone. Separate antenna architecture enables a good isolation but the trade-off between isolation and device size should be evaluated. As illustrated in Figure 2, it is observed from path 3 that three Rx band (up to 202MHz antenna bandwidth) should be covered by one Rx diversity antenna. It is a rather big challenge for antenna performance for smart phone. Thus, relaxation on RF requirements, e.g. additional MSD due to cross band isolation, can be expected if 3-antenna architecture will be used for smart phone factor.
Observation 1: Two Tx/Rx capable low-band main antennas are used for CA_8A-20A-28A and no limitation are introduced for UE type. 1-antenna architecture (without considering diversity antenna) have also been investigated but the high insertion loss of pentaplexer of hexplexer is unacceptable.
Observation 2: Two Tx/Rx capable low band main antennas plus one Rx capable diversity antenna are used for DC_8A-20A_n28A. 2-antenna architecture (1 Tx/Rx main antenna, 1 Rx diversity antenna) with a pentaplexer was discussed and companies identified numerous challenges such as high insertion loss, Tx-Rx isolation, low band wideband antenna, etc.
Observation 3: The problems of 2-antenna architecture identified in Rel-17 still remain and even worse for smart phone. The hardware implementation such as pentaplexer is impractical and premature at current stage. For smart phone form factor, 3-antenna architecture can be considered for L-L-L band combination and some relaxation on RF requirements, e.g. additional MSD due to cross band isolation, is expected.
2.2 L-L two band combination
For L-L two band combination, two candidate RF architecture can be derived as Table 1:
· Option 1: 3-antenna architecture (2 Tx/Rx main antenna, 1 Rx diversity antenna)
· Option 2: 2-antenna architecture (1 Tx/Rx main antenna, 1 Rx diversity antenna)

Table 1: UE RF architecture for CA_n5A-n8A and CA_n5A-n28A

	CA configuration
	NR bands
	Option 1
	Option 2

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

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

	
	n8
	
	Duplexer
	
	
	

	CA_n5A-n28A
	n5
	Duplexer
	
	n5 Rx + n28 Rx Duplexer
	Quadplexer / Triplexer
	n5 Rx + n28 Rx Duplexer

	
	n28
	
	Duplexer
	
	
	



Either 3-antenna or 2-antenna architecture can be considered for CA_n5A-n8A and CA_n5A-n28A. Also, it is expected to have some relaxation on RF requirements for smart phone.
For CA_n5A-n8A, the UL band n8 falls into the DL band of n5 and the overlapping spectrum has 16MHz. One solution is to restrict the spectrum of n5 and n8. The spectrum restriction can be considered to mitigate the potential interference between n8 transmission and n5 reception. Band n5 has a total of 25MHz frequency span for both UL and DL while band n8 has a total of 35MHz for both UL and DL. To ensure adequate frequency separation, the frequency range of both bands should be restricted. For example, the UL band of n8 can be restricted to 895MHz to 915MHz and the DL band of n5 can be restricted to 869MHz to 889MHz. As a result, both bands have a total of 20MHz frequency span and n8 transmission and n5 reception have 6MHz separation. Operators are encouraged to check the feasibility of such frequency restriction. 
Another solution is to not allow the simultaneous n8 transmission and n5 reception. Usually the number of DL is not less than that of UL so the UL of n8 should be interrupted when the DL of n5 is receiving. In this regard, it is no longer a two-uplink transmission and seems out of scope.
Observation 4: Either 3-antenna or 2-antenna architecture can be considered for CA_n5A-n8A and CA_n5A-n28A. It is expected to have some relaxation on RF requirements for smart phone.
Observation 5: The frequency range of n5 and n8 can be restricted to ensure adequate frequency separation. For example, the UL band of n8 can be restricted to 895MHz to 915MHz and the DL band of n5 can be restricted to 869MHz to 889MHz. As a result, both bands have a total of 20MHz frequency span and n8 transmission and n5 reception have 6MHz separation.
3. Conclusion
This contribution mainly presents the feasibility analysis for 700/800/900MHz band combinations. The following observations are provided: 
Observation 1: Two Tx/Rx capable low-band main antennas are used for CA_8A-20A-28A and no limitation are introduced for UE type. 1-antenna architecture (without considering diversity antenna) have also been investigated but the high insertion loss of pentaplexer of hexplexer is unacceptable.
Observation 2: Two Tx/Rx capable low band main antennas plus one Rx capable diversity antenna are used for DC_8A-20A_n28A. 2-antenna architecture (1 Tx/Rx main antenna, 1 Rx diversity antenna) with a pentaplexer was discussed and companies identified numerous challenges such as high insertion loss, Tx-Rx isolation, low band wideband antenna, etc.
Observation 3: The problems of 2-antenna architecture identified in Rel-17 still remain and even worse for smart phone. The hardware implementation such as pentaplexer is impractical and premature at current stage. For smart phone form factor, 3-antenna architecture can be considered for L-L-L band combination and some relaxation on RF requirements, e.g. additional MSD due to cross band isolation, is expected.
Observation 4: Either 3-antenna or 2-antenna architecture can be considered for CA_n5A-n8A and CA_n5A-n28A. It is expected to have some relaxation on RF requirements for smart phone.
Observation 5: The frequency range of n5 and n8 can be restricted to ensure adequate frequency separation. For example, the UL band of n8 can be restricted to 895MHz to 915MHz and the DL band of n5 can be restricted to 869MHz to 889MHz. As a result, both bands have a total of 20MHz frequency span and n8 transmission and n5 reception have 6MHz separation.
4. Reference
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