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Introduction
A new SID [1] for enhancement for sub-1GHz band combinations was approved in RAN #99 meeting. One of these outstanding low band combinations is CA_n28A-n105. In this paper, we discuss the potential RF architecture and identify some RF impacts, e.g. MSD.

Discussion on RF architecture
The frequency ranges of band n28 and n105 are shown below.
Table 1 frequency ranges of CA_n28-n105
	Band
	Uplink (UL) band
	Downlink (DL) band
	duplex mode

	
	BS receive / UE transmit
	BS transmit / UE receive
	

	
	FUL_low – FUL_high
	FDL_low – FDL_high
	

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

	n105
	663 MHz
	–
	703 MHz
	612 MHz
	–
	652 MHz
	FDD



Referring to the outcomes of TR 38.872 for other low band combinations, the candidate UE RF architectures are with two antennas and three antennas. For CA_n28-n105, we can use the similar methods. 
For UE RF architecture with two antennas shown in figure 1 and 2, quadplexer or triplexer which may cover both 600MHz and 700MHz frequency ranges are needed. Currently, dual-duplexer RF architecture is assumed for band n28, i.e. n28A and n28B duplexers. Logically, vendors need to implement dual-quadplexer or dual-triplexer to support both n28A and n28B.
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Figure 1 Potential UE RF architecture for CA_n28-n105 with 2 antennas (a)
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Figure 2 Potential UE RF architecture for CA_n28-n105 with 2 antennas (b)
In addition, there are two potential implementation challenges with 2-antenna architectures. The first challenge is that the antenna design needs to cover the entire spectrum range of almost 200 MHz simultaneously as shown in Figure 1 for either of the variants, which is equivalent to a 30% bandwidth ratio and that would far exceed the bandwidth ratio for a typical planar antenna design in a smartphone. As a result, the radiative performance for the combination is expected to be compromised.
The second challenge is on the feasibility of a quadplexer design for variant (a) to aggregate four closely spaced spectrum ranges, not only with sufficient filter isolation between self-band and cross-band but also with acceptable insertion loss. The variant (b) though avoids the use of quadplexer, the design of the intended triplexer is still relatively challenging considering the closely spaced spectrum ranges.
Observation 1: UE RF architectures for CA_n28-n105 with two antennas may face some difficulties, such as wideband low frequency antenna, complex quadplexer or triplexer design. However further investigations may be needed.
Alternatively, UE RF architecture with three antennas for CA_n28-n105 can be considered as below.
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Figure 3 Potential UE RF architecture for CA_n28-n105 with 3 antennas
For two main path antennas, only one low band need to be covered and there is no need to develop new multiplexer components. Thus, this kind of implementation can be considered as baseline.
Proposal 1: Pending the further investigations of the two antenna case for CA_n28-n105, UE RF architecture with three antennas can be assumed as baseline for further evaluation.
Discussion on MSD
1) For one UL case:
Since the frequency ranges of band n28 and n105 are very close, there is no MSD issue due to harmonic or harmonic mixing interference.
For MSD due to cross band isolation, the performance of band n28 and n105 duplexers need to be checked and UE RF architecture with three antennas is assumed. 
Referring to the contribution [2], the band n105 duplexer can provide 35~40 dB attenuation in Rx frequency range of band n28. In addition, 10dB antenna isolation can be assumed. There is no MSD due to cross band isolation (n105 Tx => n28Rx).
The band n28 duplexer can provide 30 dB attenuation at least in Rx frequency range of band n105. In addition to 10dB antenna isolation, there is no MSD due to cross band isolation (n28 Tx => n105Rx).
Observation 2: For CA_n28-n105, there is no MSD issue due to harmonic or harmonic mixing interference. There is no MSD due to cross band isolation (n105 Tx => n28Rx and n28 Tx => n105Rx).

2) For two UL case:
The Band n28 and Band n105 UL IMD products are shown as below.
Table 2 Band n28 and Band n105 UL IMD products
	UE UL carriers
	fx_low
	fx_high
	fy_low
	fy_high

	UL frequency (MHz)
	663
	703
	703
	748

	2nd order IMD products
	|fy_low – fx_high|
	|fy_high – fx_low|
	|fy_low + fx_low|
	|fy_high + fx_high|

	IMD frequency limits (MHz)
	0
	85
	1366
	1451

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

	IMD frequency limits (MHz)
	578
	703
	703
	833

	Two-tone 3rd order IMD products
	|2*fx_low + fy_low|
	|2*fx_high + fy_high|
	|2*fy_low + fx_low|
	|2*fy_high + fx_high|

	IMD frequency limits (MHz)
	2029
	2154
	2069
	2199

	Two-tone 4th order IMD products
	|3*fx_low –1* fy_high|
	|3*fx_high – 1*fy_low|
	|3*fy_low – 1*fx_high|
	|3*fy_high – 1*fx_low|

	IMD frequency limits (MHz)
	1241
	1406
	1406
	1581

	Two-tone 4th order IMD products
	|3*fx_low +1* fy_low|
	|3*fx_high + 1*fy_high|
	|3*fy_low + 1*fx_low|
	|3*fy_high + 1*fx_high|

	IMD frequency limits (MHz)
	2692
	2857
	2772
	2947

	Two-tone 4th order IMD products
	|2*fx_low –2* fy_high|
	|2*fx_high –2* fy_low|
	|2*fx_low +2* fy_low|
	|2*fx_high +2* fy_high|

	IMD frequency limits (MHz)
	170
	0
	2732
	2902

	Two-tone 5th order IMD products
	|fx_low – 4*fy_high|
	|fx_high – 4*fy_low|
	|fy_low – 4*fx_high|
	|fy_high – 4*fx_low|

	IMD frequency limits (MHz)
	2329
	2109
	2109
	1904

	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)
	918
	703
	703
	493

	Two-tone 5th order IMD products
	|fx_low + 4*fy_low|
	|fx_high + 4*fy_high|
	|fy_low + 4*fx_low|
	|fy_high + 4*fx_high|

	IMD frequency limits (MHz)
	3475
	3695
	3355
	3560

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

	IMD frequency limits (MHz)
	3435
	3650
	3395
	3605



Based on Table 2, 3rd and 5th order IMD may also fall into Rx frequencies of bands n28 or band n105 when both Band n28 and Band n105 transmit the UL signals. Further MSD evaluation is needed based on the assumed UE RF architecture for CA_n28-n105.
Observation 3: 3rd and 5th order IMD may fall into Rx frequencies of bands n28 or band n105 when both Band n28 and Band n105 transmit the UL signals. Further MSD evaluation is needed based on the assumed UE RF architecture for CA_n28-n105.
Summary
Observation 1: UE RF architectures for CA_n28-n105 with two antennas may face some difficulties, such as wideband low frequency antenna, complex quadplexer or triplexer design. However further investigations may be needed.
Proposal 1: Pending the further investigations of the two antenna case for CA_n28-n105, UE RF architecture with three antennas can be assumed as baseline for further evaluation.
Observation 2: For CA_n28-n105, there is no MSD issue due to harmonic or harmonic mixing interference. There is no MSD due to cross band isolation (n105 Tx => n28Rx and n28 Tx => n105Rx).
Observation 3: 3rd and 5th order IMD may fall into Rx frequencies of bands n28 or band n105 when both Band n28 and Band n105 transmit the UL signals. Further MSD evaluation is needed based on the assumed UE RF architecture for CA_n28-n105.
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