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Introduction
A new SI: Study on enhancement for 700/800/900MHz band combinations was approved for Rel-18 [1]. The main objective is to investigate the feasibility and solution to enable 700, 800, 900MHz CA band combinations for smartphone UE. In this contribution, we give our preliminary views on RF front end architecture and low wide band antennas for low band CA combinations considering smartphone UE type.
Discussion
Frequency Restriction
[bookmark: _Hlk110441581]In this SI, the following CA band combinations are considered for smartphone UE factor, CA_n8-n20-n28, CA_n5-n8, CA_n5-n28 as shown in Table 1.
Table 1: Inter-band CA operating bands
	CA Band Combinations
	Uplink configuration
	NR Band
	Uplink (UL) operating band
	Downlink (DL) operating band
	Duplex Mode

	
	
	
	BS receive / UE transmit
	BS transmit / UE receive 
	

	
	
	
	FUL_low – FUL_high
	FDL_low – FDL_high
	

	[bookmark: _Hlk110354894]CA_n8-n20-n28
	CA_n8-n20
	n8
	880 MHz
	–
	915 MHz
	925 MHz
	–
	960 MHz
	FDD

	
	CA_n8-n28
	n20
	832 MHz
	–
	862 MHz
	791 MHz
	–
	821 MHz
	FDD

	
	CA_n20-n28
	n28
	703 MHz
	–
	748 MHz
	758 MHz
	–
	803 MHz
	FDD

	CA_n5-n8
	CA_n5-n8
	n5
	824 MHz
	–
	849 MHz
	869 MHz
	–
	894 MHz
	FDD

	
	
	n8
	880 MHz
	–
	915 MHz
	925 MHz
	–
	960 MHz
	FDD

	CA_n5-n28
	CA_n5-n28
	n5
	824 MHz
	–
	849 MHz
	869 MHz
	–
	894 MHz
	FDD

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


The frequency layout for these band combinations are captured as shown in Figure 1.





Figure 1. Frequency layout for CA_n8-n20-n28, CA_n5-n8, CA_n5-n28
As shown in Figure 1, the downlink part of n28 overlaps with the downlink part of n20 for CA_n8-n20-n28；the downlink part of n5 overlaps with the uplink part of n8. There is no overlapping case for CA_n5-n28. The frequency assumptions for CA band combinations may affect how the UE architectures are implemented for smartphone.
For band n28, the band is split as n28A (703 to 733 MHz / 758 to 788 MHz) and n28B (718 to 748 MHz / 773-803 MHz) for implementation. With n28 DL overlapping n20 DL, shared Rx chain can be assumed for this case when considering the RF-FE aspect.
For CA_n5-n8, the downlink part of n5 overlaps with the uplink part of n8. However, in a particular region, only a proportion of n5 or n8 are in actual use, which may not overlap in the real deployment. Before we further discuss the RF-FE, we should have a consensus on the frequency restrictions for CA_n5-n8. Normally, RF devices are designed for a particular band, which doesn’t alter for partial frequency usage in a particular region. If this is the case for CA_n5-n8, we should come up with solutions solving the issue n5 DL overlapping with n8 UL.
Proposal 1: Clarify the frequency assumptions for CA_n5-n8 before decide the RF front-end for this band combination.
UE architectures for low band CA
Before we discussed UE architectures for low band CA, we would like to clarify the current low band design for smartphone UE factor. Currently, a single main antenna can support Tx/Rx for low band, even up to middle band. With designed antenna switch and tuning, UE can resonate at 700, 800, 900MHz with TDMed manner. However, at a given time, antenna can not cover from 700-900 MHz simultaneously. For some smartphone UE, receiver diversity can be supported. In this case, a second low band Rx antenna is used. With increasing number of supported bands, the number of antennas goes up accordingly. In this sense, it is very difficult to make room for another low band antenna. With these restrictions for smartphone factor, we further discussed the UE architectures for low band CA.
For CA_n8-n20-n28, a total aggregated bandwidth can be up to 257 MHz. For this band combination, we can come up with 1-antena, 2-antenna, 3-antenna solutions.
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[bookmark: _Hlk110436580]Figure 1. 1-Antenna Solution for LB-LB-LB CA band combination
As shown in figure 1, the simplified block diagram of 1-antenna solution for low band CA_n8-n20-n28 is illustrated. This solution is quite challenging to antenna design and RF pentaplexer design. On one side, the main Tx/Rx antenna need to cover 257MHz bandwidth with centre frequency 832MHz. With around 31% relative bandwidth, the antenna tuning can be hard to implement. Furthermore, the VSWR and system efficiency of the antenna can be in poor performance. Compared to current low band antenna implementation, the size of the wideband antenna covering 700M~900MHz is expected to be larger, which puts a strain on the limited spare room for smartphone type UE. On the other side, the RF-FE faces much bigger challenge to implement low band pentaplexer. Similar with antenna aspect, the pentaplexer needs to support 257MHz at low band. With this large relative channel bandwidth, the insertion loss is expected to be high. The frequency gap between adjacent Tx/Rx band is too small, which can hardly ensure good isolation. Overall, 1-antenna solution may not be the best choice considering complexity and performance.
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[bookmark: _Hlk110440683]Figure 2. 2-Antenna Solution for LB-LB-LB CA band combination
In Figure 2, 2-antenna solution is illustrated for low band CA. Compared with solution 1, extra one Tx/Rx antenna is added. The difficulty for antenna design has been mitigated. The No.1 main antenna only needs to cover 159 MHz bandwidth for n20 and n28, with 783 MHz centre frequency (20% relative bandwidth). The No.2 main antenna can reuse the current antenna design with band n5 duplexer. For n28A and n20, the Rx can be combined with one Rx chain, thus a triplexer can be used in this situation. The RF-FE complexity has been reduced compared to solution 1. 
For 3-antenna solution, each antenna covers each low band separately, alongside with duplexer for each band. We think 3-antenna may not suitable for smartphone type UE, since there is no enough room to integrate two more low band antenna into a smartphone package.
Compared with these solutions, we think two-antenna solution as the starting point for CA_n8-n20-n28.
[bookmark: _Hlk110441621]Proposal 2: Two-antenna solution as the starting point for CA_n8-n20-n28.
For CA_n5-n8, the n5 DL overlaps with n8 UL according to band definitions. However, for a certain region, only part of band n5 and n8 is used. For example, in real deployment, part of n8 (909-915MHz/954-960MHz) and part of n5(825-835MHz/870-880MHz) are used in the same place. In the real circumstance, n8 UL (909-915MHz) does not overlap with n5 DL (870-880MHz). There is 29MHz frequency gap between n8 UL and n5 DL in the real case. Anyway, we need to clarify the frequency restriction between band n5 and n8 before we have further discussion on antenna and RF front-end assumption.
For CA_n5-n28, if we consider only one Tx/Rx main antenna, the operating frequency should cover 191MHz bandwidth with 798MHz centre frequency (around 24% relative channel bandwidth). The 1-antenna solution for CA_n5-n28 is illustrated in Figure3. In RF front-end, a quadplexer is used for n28 and n5 Tx and Rx. For one antenna solution, further study is needed on the performance of antenna and quadplexer.
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Figure 3. 1-Antenna Solution for CA_n5-n28

In figure 4, 2-antenna solution is illustrated. Separate antennas for band n28 and n5 are used alongside with duplexer for each band. For this solution, with an extra main antenna, it may bring difficulty for smartphone type UE.
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[bookmark: _Hlk110441006]Figure 4. 2-Antenna Solution for CA_n5-n28

 Conclusion
This contribution gives our initial considerations on feasibility aspects for CA_n8-n20-n28, CA_n5-n8, CA_n5-n28. The following proposals are made:
Proposal 1: Clarify the frequency assumptions for CA_n5-n8 before decide the RF front-end for this band combination. 
Proposal 2: Two-antenna solution as the starting point for CA_n8-n20-n28.
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