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1 [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In Rel-18, 700+800+900MHz SI is intended to study the band combinations with two low band combinations, or three low band combinations with two of them transmit [1] and the targeting is smart phone form factor. This paper will discuss on the possible UE architectures and other RF aspects.

	The objectives of SI are as follows:
· Investigate the feasibility and solutions to enable simultaneous Tx on two UL bands and simultaneous Rx on two or three bands for the band combination of 700, 800 and 900MHz spectrum for smart phone form factor
· The following band combinations will be considered. And the feasibility study on three band combination will start after the completion of feasibility study of all the fallback band combinations.
· CA_n8-n20-n28 with uplink configurations of CA_n8-n20, CA_n8-n28, CA_n20-n28, and the fallback modes 
· CA_n5-n8 with uplink configuration of CA_n5-n8, and the fallback modes
Note1: Spectrum restrictions should be studied to solve overlap of band n5 downlink and band n8 uplink
Note2: The current filter is used as the baseline. Further study whether or not to have new solutions.
· CA_n5-n28 (full range) with uplink configuration of CA_n5-n28.
Summary of band combinations considered in the SI
	Configuration
	Uplink configuration
	Supported operators

	CA_n8-n20-n28
	CA_n8-n20, CA_n8-n28, CA_n20-n28
	Vodafone, Telecom Italia, Orange, Deutsche Telekom

	CA_n5-n8
	CA_n5-n8
	China Telecom, Spark NZ, China Unicom

	CA_n5-n28
	CA_n5-n28
	Spark NZ



· The following aspects need be studied
· UE architecture including n-plexing, PA
· Study feasibility of low band wideband antenna
· Performance due to impacts including inter-modulation products
· Method to manage the inter-modulation product impacts
Note: Revisit in RAN#98 whether additional aspects need to be added.
· Power class 3 (PC3) is considered in this study
· Identify potential impacts to relevant RAN4 requirements.



2 Discussion
2.1 n5+n8
The band combinations considered in this SI includes n8+n20+n28, n5+n8, and n5+n28. For n5+n8, from the spectrum relation shown in figure 1, it can be seen that n5 DL is partially overlapping with n8 UL. If there is no spectrum isolation between them, then n5 Tx will interfere n8 Rx largely. To mitigate the n8 Tx impact to n5 Rx, spectrum restriction is needed. With referring to the spectrum allocation of the proponent operators, probably RAN4 can use the following spectrum restriction of this band combination as starting point:
· [bookmark: _Hlk110969605]n5 can be restricted to 825 - 835 UL and 870 - 880 DL
· n8 can be restricted to 905 - 915 UL and 950 - 960 DL.
With this restriction there will be 25MHz spectrum isolation, the Tx to Rx leakage interference is expected to be smaller. Exact value needs further study.

Besides the Tx to Rx co-channel or leakage interference, another kind of interference is the IMD interference, e.g. 2*n8-n5. However, with the above spectrum restriction, the IMD interference can also be avoided.

[image: ]
Figure 1 spectrum of n5+n8

Observation 1:    n8 Tx will interfere n5 Rx due to overlapping frequency, spectrum isolation is necessary.

Observation 2:    Current proponent operators doesn’t hold the whole spectrum of band n5 and n8.

Observation 3:    With restriction on spectrum in n5(825 - 835 UL and 870 - 880 DL) and n8 (905 - 915 UL and 950 - 960 DL), the IMD interference can be avoided.

Proposal 1:         Take n5 (825 - 835 UL and 870 - 880 DL) and n8 (905 - 915 UL and 950 - 960 DL) as starting point for the band combination of n5+n8 with referring to the operator’s spectrum status.

[bookmark: _Hlk110970088]Regarding the potential UE architecture, based on our evaluation it is quite challenging to use one antenna to cover the n5 and n8 whole spectrum, and separate antennas for n5 and n8 are expected. Therefore, one reference architecture for n5+n8 UL and DL CA can be found in Figure 2.


Figure 2 UE architecture of n5+n8

Observation 4:    It is quite challenging to use one antenna to cover the n5 and n8 whole spectrum, and separate antennas for n5 and n8 are needed.

Proposal 2:         Use separate antennas for n5 and n8 in n5+n8 CA as reference architecture.

2.2 n5+n28
N5+n28 is another low band combination, and its spectrum is shown in figure 3. Currently, the n5+n28 (partial spectrum) is shown in some clauses in 38101-1 like Pcmax delta Tib and REFSENS cross band isolation MSD, but no exist in other clauses like the MOP, etc.

[image: ]
Figure 3 spectrum of n5+n28

Observation 5:    Current 38.101-1 already include n5+n28 with partial spectrum in some requirements but seems not complete in other requirements. And the existing requirement like delta Tib and MSD for cross band isolation need to be updated for the whole n28 band spectrum case.

For the UE architecture, it is similar s n5+n8, separate antennas for n5 and n28 are expected. And one reference architecture for n5+n28 UL and DL CA can be found in Figure 4.



Figure 4 UE architecture of n5+n28

Proposal 3:         Use separate antennas for n5 and n28 in n5+n28 CA as reference architecture.

2.3 n8+n20+n28
[bookmark: _Hlk110973288][bookmark: _Hlk110973276][bookmark: _Hlk110973388]For the band combination of n8+n20+n28, there are overlapping spectrum for n20+n28, and it is unclear in the WID whether there is spectrum restriction in this targeting band combination. However, in the current 38.101-1, it is clear that “For a higher order band combination of which CA_n20-n28 is a subset, the frequency range in band n28 is restricted for the higher order band combination to 703-733 MHz for the UL and 758-788 MHz for the DL”, if this is followed then there will be no overlapping spectrum in this n8+n20+n28 band combination.

[image: ]
Figure 3 spectrum of n8+n20+n28

Observation 6:    It is unclear in the WID whether there is spectrum restriction in n8+n20+n28 especially for n20 and n28.

Observation 7:    According to current 38101-1, when n20+n28 is subset of higher order band combinations, then n28 is restricted to 703-733 MHz for UL and 758-788 MHz for DL.

Proposal 4:         Clarify that n28 is restricted to 703-733 MHz for UL and 758-788 MHz for DL in n8+n20+n28 band combination.

[bookmark: _Hlk110974697]For n8+n20+n28 antenna design, there is chance to use one antenna to cover the n20 whole spectrum and n28DL spectrum, or n28 whole spectrum and n20DL spectrum in different cases via antenna tuning though difficult.

Figure 4 gives one UE architecture for the band combination n8+n20+n28 with four antennas in total which can be used for further performance analysis. And it can fit for any two UL band CA within n8+n20+n28 as below.
· when UL CA is n8+n20, then n8 duplexer chain and n20 Tx1 chain is used; 
· when UL CA is n8+n28, then n8 duplexer chain and n28 Tx chain is used; 
· when UL CA is n20+n28, then n20 Tx2 chain and n28 Tx chain is used.


Figure 4 UE architecture of n8+n20+n28

Observation 8:    There is chance to use one antenna to cover the n20 whole spectrum and n28DL spectrum, or n28 whole spectrum and n20DL spectrum via antenna tuning though difficult.

Proposal 5:         Four antenna architecture as shown in figure 4 for n8+n20+n28 can be used for further performance analysis which can cover any UL CA configurations within n8+n20+n28.

3 Conclusion
In this paper, we initially analyzed the spectrum and reference UE architecture for each low band combination. And got the following observations and proposals.

Observation 1:    n8 Tx will interfere n5 Rx due to overlapping frequency, spectrum isolation is necessary.

Observation 2:    Current proponent operators doesn’t hold the whole spectrum of band n5 and n8.

Observation 3:    With restriction on spectrum in n5(825 - 835 UL and 870 - 880 DL) and n8 (905 - 915 UL and 950 - 960 DL), the IMD interference can be avoided.

Proposal 1:         Take n5 (825 - 835 UL and 870 - 880 DL) and n8 (905 - 915 UL and 950 - 960 DL) as starting point for the band combination of n5+n8 with referring to the operator’s spectrum status.

Observation 4:    It is quite challenging to use one antenna to cover the n5 and n8 whole spectrum, and separate antennas for n5 and n8 are needed.

Proposal 2:         Use separate antennas for n5 and n8 in n5+n8 CA as reference architecture.

Observation 5:    Current 38.101-1 already include n5+n28 with partial spectrum in some requirements but seems not complete in other requirements. And the existing requirement like delta Tib and MSD for cross band isolation need to be updated for the whole n28 band spectrum case.

Proposal 3:         Use separate antennas for n5 and n28 in n5+n28 CA as reference architecture.

Observation 6:    It is unclear in the WID whether there is spectrum restriction in n8+n20+n28 especially for n20 and n28.

Observation 7:    According to current 38101-1, when n20+n28 is subset of higher order band combinations, then n28 is restricted to 703-733 MHz for UL and 758-788 MHz for DL.

Proposal 4:         Clarify that n28 is restricted to 703-733 MHz for UL and 758-788 MHz for DL in n8+n20+n28 band combination.

Observation 8:    There is chance to use one antenna to cover the n20 whole spectrum and n28DL spectrum, or n28 whole spectrum and n20DL spectrum via antenna tuning though difficult.

Proposal 5:         Four antenna architecture as shown in figure 4 for n8+n20+n28 can be used for further performance analysis which can cover any UL CA configurations within n8+n20+n28.
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