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1. Introduction
After the introduction of APT 600MHz band (band n105), combining 600MHz with other sub-1GHz frequency bands to obtain better performance such as higher transmission speed is the direction of further research. Therefore, after the RAN#99 meeting, a new study item [1] is proposed to evaluate the related feasibility and other RF requirements to support the sub-1GHz band combinations.
In the study item [1], the specific following aspects need to be studied:
	· Investigate the feasibility and solutions to enable simultaneous transmission on two UL bands with 2Tx and simultaneous reception on two or three bands for the following sub-1GHz band combinations for smart phone form factor
· UE RF architecture including n-plexing, PA
· Study feasibility of low band wideband antenna and multiple low band narrowband antennas.
· Evaluate the MSD requirements if needed.
· Evaluate if UE complexity can be reduced based on the frequency range and BCS proposed by operators.
· Identify potential impacts to relevant RAN4 requirements.


In this paper, we’d like to preliminary discuss the multiple potential antenna architecture and MSD requirements for CA_n28A-n105A combination.
2. Discussion
The summaries of CA_n28A-n105A combination from SI [1] are as shown in the following tables:
Table 1: Summary of band combinations considered in the SI
	Configuration
	Uplink Configuration
	fallback configurations (Status)
	Supported operators

	CA_n28A-n105A
	CA_n28A-n105A
	DL_n28A-n105A_UL_n28A_BCS0 (New)
	CA_n28A-n105A


Table 2: Bandwidth combination set for each band combination
	NR CA configuration
	Uplink CA configuration or single uplink carrier
	NR Band
	Channel bandwidth (MHz)
	Bandwidth combination set

	CA_n28A-n105A
	CA_n28A-n105A
	n28
	5, 10, 15, 20, 25, 30
	0

	
	
	n105
	5, 10, 15, 20, 25, 30, 35
	


The spectrum range of CA_n28A-n105A is shown in Figure 1, which can be observed that there is no frequency overlap between n28 and n105, and band n105UL is next to band n28DL. However, there are 3rd order IMD products and 5th order IMD products falling into DL band, part of the frequency data is presented in Table 3. Other MSD interferences need to be further evaluated.
[image: ]
Figure 1. CA_n28A-n105A spectrum range
[bookmark: _Hlk131601910]Table 3: Band n28 and Band n105 UL harmonics and IMD products
	[bookmark: _Hlk106789666][bookmark: _Hlk106789689]UE UL carriers
	fx_low
	fx_high
	fy_low
	fy_high

	UL frequency (MHz)
	703
	748
	663
	703

	3rd order IMD products
	|fy_high – 2*fx_low|
	|fy_low – 2*fx_high|
	|2*fy_low – fx_high|
	|2*fy_high – fx_low|

	IMD frequency limits (MHz)  
	703
	833
	578
	703

	Two-tone 5th order IMD products
	|2*fx_low – 3*fy_high|
	|2*fx_high – 3*fy_low|
	|2*fy_low – 3*fx_high|
	|2*fy_high – 3*fx_low|

	IMD frequency limits (MHz)
	703
	493
	918
	703



Observation 1：For CA_n28A-n105A, 3rd order IMD products and 5th order IMD products overlap with the DL bands of n28 and n105, causing interference to a certain extent. So the MSD requirements for this CA band combination should be evaluated.
As to the UE architecture for CA_n28A-n105A, two kinds of potential structure are proposed in the contribution, separately using 2 antennas and 3 antennas.
· The 2-antenna architecture is listed as below:
1) Main TRx antenna 1 with triplexer supporting n105DL+(n105UL+n28UL)+n28DL
2) Diversity Rx antenna 2 with duplexer supporting n28DL+n105DL 


Figure2. Potential UE architecture with 2 antennas, supporting CA_n28A-n105A 
[bookmark: OLE_LINK17][bookmark: OLE_LINK18]For the 2-antenna architecture, the two antennas should cover the entire frequency band from n105DL to n5DL at the same time, with the length of 191MHz and a bandwidth ratio of up to 26.9%, obviously higher than that of the other typical CA band combinations in 700/800/900MHz, as shown in Table 4. As mentioned in TR [2], it will exceed the bandwidth ratio of typical planar antenna in smartphones, therefore the radiative performance for CA_n28A-n105A would be affected more obviously than that for CA_n5-n28. 
It can be seen that n28UL is next to n105UL, and the two UL band can be combined together in the main TRx antenna structure, so that the quadplexer could be simplified to a triplexer, and the space occupied by PA will also be reduced. 
However n28 band is as long as 45MHz, for consideration of performance, it is likely to be divided to band n28A and band n28B. As TR [2] mentioned, ‘n28 alone requires a dual duplexer to reduce the band range to duplex gap ratio in order to achieve the acceptable filter isolation and insertion loss performance’. So for the main path, the design for multiplexer may become more complicated. At the same time, as the frequency gap between n105DL and the center band is the same as that between the center band and n28UL, which is only 10 MHz, the isolation requirement is high, and the effect of insertion loss of filter on in-band signal is also difficult to solve.
Observation 2: For consideration of performance, band n28 is likely to be divided to band n28A and band n28B in CA_n28A-n105A band combination.
Observation 3: For CA_n28A-n105A using the UE architecture with two antennas, the implementation of a well-performing triplexer is difficult, and the radiation performance will be affected by the high bandwidth ratio. 
Table 4: Bandwidth ratio of CA band combinations
	CA band combinations type
	CA_n28A-n105A
	CA_n5-n8
	CA_n5-n28

	Bandwidth ratio
	26.9%
	5.16%
	23.9%


· The 3-antenna architecture is listed as below:
1) Main TRx antenna 1 with duplexer supporting n105UL+n105DL 
2) Main TRx antenna 2 with duplexer supporting n28UL+n28DL 
3) Diversity TRx antenna 3 with duplexer supporting n105DL+n28DL


Figure3. Potential UE architecture with 3 antennas, supporting CA_n28A-n105A
[bookmark: _Hlk131617895]For the 3-antenna architecture, there are two antennas on the main signal path, the use of duplexer eases the difficulty of multiplexer design and implement. The frequency range for each main antenna is narrower compared with 2-antenna architecture, optimizing the radiation performance. At the same time, the isolation between antennas can weaken the UL interference of another band to DL.
[bookmark: OLE_LINK19][bookmark: OLE_LINK20]However, due to the lower frequency band of n105, the size of the antenna will be relatively larger, and the size of the 3-antenna structure will increase more obviously than 2-antenna structure. To consider the dimension of the mobile phone, some radiation performance may be sacrificed. On the other hand, it can be seen that the diversity antenna needs to cover the entire band with the length of 191MHz, so the challenge to radiation performance still remains.
Observation 4: 3-antenna architecture will avoid more complex multiplexer implementation than 2-antenna architecture. However, due to the lower frequency band of n105, the size of the 3-antenna structure will be relatively larger, the challenge to the dimension of the mobile phone is also greater than 2-amtenna architecture. 
3. Conclusion
[bookmark: _GoBack]Observation 1：For CA_n28A-n105A, 3rd order IMD products and 5th order IMD products overlap with the DL bands of n28 and n105, causing interference to a certain extent. So the MSD requirements for this CA band combination should be evaluated. 
Observation 2: For consideration of performance, band n28 is likely to be divided to band n28A and band n28B in CA_n28A-n105A band combination.
Observation 3: For CA_n28A-n105A using the UE architecture with two antennas, the implementation of a well-performing triplexer is difficult, and the radiation performance will be affected by the high bandwidth ratio. 
Observation 4: 3-antenna architecture will avoid more complex multiplexer implementation than 2-antenna architecture. However, due to the lower frequency band of n105, the size of the 3-antenna structure will be relatively larger, the challenge to the dimension of the mobile phone is also greater than 2-amtenna architecture.
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