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1	Introduction 

Carrier aggregation has been successful in progressively achieving higher data rate since its inception in LTE Rel-10. Despite the number of integrated bands in FR1 range alone has been up to 6, the sub-1GHz band combinations have not yet gained much traction in smartphones, due to the known implementation challenges in RF front-end multiplexing filter design for closely spaced frequency bands and limited form factor to provide sufficient antenna frequency range coverage. Nonetheless, the desire for combining the narrowly and fragmentally allocated sub-1GHz spectrum to achieve higher data rate still remains which has prompted a new study item in RAN #96 meeting to identify the issues and investigate the solution to enable the support of band combinations made up of 700/800/900MHz for a smartphone, specifically for the three example band combinations, CA_n5-n8, CA_n5-n28, and CA_n8-n20-n28 [1]. In RAN4 #104-e meeting, the general aspects of the frequency range restriction, architecture assumption, channel band width support, and UL configuration for the three intended band combinations have been first discussed which were concluded with an approved WF [2]. To follow up on this WF and the approved WF on CA_n8-n20-n28 [3] in last RAN4 meeting, in this contribution we share our views on the potential architecture variants and their implications on UE RF requirements for CA_n8-n20-n28 based on the WF architecture assumption for the number of antenna. A text proposal on the UE RF architecture assumption is also provided at the end of this document for consideration.                                          
2 Discussion

The EN-DC counterpart of this 3-band combination DC_8-20_n28 has already been specified in Rel-17 [4], which however was only targeted for FWA devices due to the split antenna implementation in the main signal path as shown in Figure 2-1 where the additional low-band antenna dimension may not be accommodated by a smartphone form factor [5].
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Figure 2-1 The assumed UE RF front-end architecture for DC_8-20_n28

Figure 2-2 shows the aggregated spectrum allocation for CA_n8-n20-n28 where n28 operation range is restricted to:
n28: UL 703 - 733 MHz; DL 758 - 788 MHz
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Figure 2-2 CA_n8-n20-n28 spectrum range

On the UE architecture assumption, 2-, 3-, and 4-antenna implementations have been considered in the approved WF in last RAN4 meeting [2]. For 2-antenna implementation, there can be two potential architecture variants, one with a pentaplexer in the main signal path and a duplexer in the diversity Rx path, as shown in Figure 2-3 (a), the other with a quadplexer in main path and a triplexer in diversity path, as shown in Figure 2-3 (b). For variant (b), there can also be three sub-variants, depending on which UL band is moved to the diversity path. For the illustrated variant in Figure 2-3 (b), n8 UL is moved to the diversity path. Notice that with n28 operation frequency range restriction, the n28 DL is no longer overlapping with n20 DL. Nevertheless, it is unnecessary to provide filter isolation between n28 DL and n20 DL if the power difference between the two DL carriers due to non-collocation can be confined to below a certain value which is subject to further evaluation.  
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Figure 2-3 Potential UE architecture variants to support CA_n8-n20-n28 with 2 antenna

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 257 MHz simultaneously as shown in Figure 2-2 for either of the variants, which is equivalent to a 31% 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.

Observation 1: For CA_n8-n20-n28 with 2-antenna architectures, the antenna design needs to cover the entire spectrum range of 257 MHz simultaneously which is equivalent to a 31% bandwidth ratio 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 pentaplexer design for variant (a) to aggregate five closely spaced spectrum ranges as shown in Figure 2.3, 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 pentaplexer, the design of the intended quadplexer is still relatively challenging considering the closely spaced spectrum ranges with nearly 8% bandwidth ratio for the n20/n28 combined DL range. Therefore, the feasibility on either a pentaplexer or a quadplexer needs to be studied.  
       
Proposal 1: For CA_n8-n20-n28 with 2-antenna architectures, the feasibility on a low-band pentaplexer or quadplexer needs to be studied. 

For 3-antenna implementation, in addition to the architecture assumed for DC_8-20_n28 as shown in Figure 2-1, there can be two other variants, as shown Figure 2-4 which may allow easier implementation of either triplexer or duplexer in main path owing to that the frequency separations between the sub-bands are wider than the architecture assumed for DC_8-20_n28.
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Figure 2-4 Potential UE architecture variants to support CA_n8-n20-n28 with 3 antenna

Observation 2: For CA_n8-n20-n28 with 3-antenna implementation, the 6 UL/DL bands can be shuffled between the two main path antenna to allow wider sub-band frequency separations for easier triplexer or duplexer design.  

However, the downside with variant (a) and (b) is that the widest frequency range which needs to be covered by any of the antenna is still relatively wide at 212 MHz and 257 MHz respectively.

For the 4-antenna implementation, the three of the four antenna are used in the main path to aggregate the n8, n20, and n28 signals over the air, as shown in Figure 2-5. As n8, n20, and n28 signals do not need to be combined through a multiplexer, there is no additional insertion loss in n8, n20, and n28 main signal paths as compared to single-band implementation.
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Figure 2-5 CA_n8-n20-n28 UE architecture based on the 4-antenna implementation
Observation 3: For CA_n8-n20-n28 with 4-antenna implementation, there is no additional insertion loss in n8, n20, and n28 main signal paths as compared to single-band implementation since n8, n20, and n28 signals do not need to be combined through a multiplexer.

Having 3 antenna in the main signal path not only avoids the more complicated multiplexer implementation and the associated additional insertion losses, but also allows narrower frequency coverage for each of the 3 antenna as compared to single-antenna implementation. However, the additional antenna cannot be added without occupying more phone space. Therefore, the feasibility on placing more than two low-band antenna in a smartphone needs to be investigated, with narrower bandwidth and regressed radiating performance expected due to the limitation in form factor.

Observation 4: Having 3 antenna in the main signal path not only avoids the more complicated multiplexer implementation and the associated additional insertion losses, but also allows narrower frequency coverage for each of the 3 antenna as compared to single-antenna implementation.

Proposal 2: Implementation of more than 2 low-band antennas in a smartphone needs to be investigated, with narrower bandwidth and regressed radiating performance expected due to the limitation in form factor.

Apart from the UE architecture feasibility, the REFSENS impact (MSD) caused by cross-band isolation between n28 UL and n20 DL and between n20 UL and n28 DL, IMD3 from UL CA_n20-n28 to n8 DL, and IMD3 from UL CA_n8-n20 to n20 and n28 DL also needs to be addressed. These MSD mechanisms are highly dependent on the multiplexer filter isolation to the aggressor UL bands and the IMD products in the victim DL bands which may only be available after the multiplexer feasibility studies.   

Proposal 3: For CA_n8-n20-n28, the REFSENS impact (MSD) due to self-band isolation, cross-band isolation, and 2UL IMD needs to be addressed.

Observation 5: The MSD mechanisms are highly dependent on the multiplexer filter isolation to the aggressor UL bands and the IMD products in the victim DL bands which may only be available after the multiplexer feasibility studies.   
3	Conclusion

In this contribution we share our views on the potential architecture variants and their implications on UE RF requirements for CA_n8-n20-n28 based on the WF architecture assumption for the number of antenna.

Observation 1: For CA_n8-n20-n28 with 2-antenna architectures, the antenna design needs to cover the entire spectrum range of 257 MHz simultaneously which is equivalent to a 31% bandwidth ratio 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.

Observation 2: For CA_n8-n20-n28 with 3-antenna implementation, the 6 UL/DL bands can be shuffled between the two main path antenna to allow wider sub-band frequency separations for easier triplexer or duplexer design.

Observation 3: For CA_n8-n20-n28 with 4-antenna implementation, there is no additional insertion loss in n8, n20, and n28 main signal paths as compared to single-band implementation since n8, n20, and n28 signals do not need to be combined through a multiplexer.

Observation 4: Having 3 antenna in the main signal path not only avoids the more complicated multiplexer implementation and the associated additional insertion losses, but also allows narrower frequency coverage for each of the 3 antenna as compared to single-antenna implementation.

Observation 5: The MSD mechanisms are highly dependent on the multiplexer filter isolation to the aggressor UL bands and the IMD products in the victim DL bands which may only be available after the multiplexer feasibility studies.

Proposal 1: For CA_n8-n20-n28 with 2-antenna architectures, the feasibility on a low-band pentaplexer or quadplexer needs to be studied.

Proposal 2: Implementation of more than 2 low-band antennas in a smartphone needs to be investigated, with narrower bandwidth and regressed radiating performance expected due to the limitation in form factor.

Proposal 3: For CA_n8-n20-n28, the REFSENS impact (MSD) due to self-band isolation, cross-band isolation, and 2UL IMD needs to be addressed.
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[bookmark: _Toc117256656]5.3.1	UE RF architecture assumption
The following UE RF architectures can be assumed to analyze and study for CA_n8-n20-n28.
2 antenna, 3 antenna, 4 antenna. The antenna number is the total number of antennas to support Main UL/DL and diversity DL for all bands.

Figure 5.3.1-1 shows the aggregated spectrum allocation for CA_n8-n20-n28 where n28 operation range is restricted to:
n28: UL 703 - 733 MHz; DL 758 - 788 MHz
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Figure 5.3.1-1 CA_n8-n20-n28 spectrum range

For 2-antenna implementation, there can be two potential architecture variants, one with a pentaplexer in the main signal path and a duplexer in the diversity Rx path, as shown in Figure 5.3.1-2 (a), the other with a quadplexer in main path and a triplexer in diversity path, as shown in Figure 5.3.1-2 (b). For variant (b), there can also be three sub-variants, depending on which UL band is moved to the diversity path. For the illustrated variant in Figure 5.3.1-2 (b), n8 UL is moved to the diversity path. Notice that with n28 operation frequency range restriction, the n28 DL is no longer overlapping with n20 DL. Nevertheless, it is unnecessary to provide filter isolation between n28 DL and n20 DL if the power difference between the two DL carriers due to non-collocation can be confined to below a certain value which is subject to further evaluation.  
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Figure 5.3.1-2 Potential UE architecture variants to support CA_n8-n20-n28 with 2 antenna

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 257 MHz simultaneously as shown in Figure 5.3.1-1 for either of the variants, which is equivalent to a 31% 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 pentaplexer design for variant (a) to aggregate five closely spaced spectrum ranges as shown in Figure 5.3.1-1, 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 pentaplexer, the design of the intended quadplexer is still relatively challenging considering the closely spaced spectrum ranges with nearly 8% bandwidth ratio for the n20/n28 combined DL range. Therefore, the feasibility on either a pentaplexer or a quadplexer needs to be studied.  
       
For 3-antenna implementation, in addition to the architecture assumed for DC_8-20_n28 as shown in Figure 5.3.1-3, there can be two other variants, as shown in Figure 5.3.1-4 which may allow easier implementation of either triplexer or duplexer in main path owing to that the frequency separations between the sub-bands are wider than the architecture assumed for DC_8-20_n28.
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Figure 5.3.1-3 The assumed UE RF front-end architecture for DC_8-20_n28
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Figure 5.3.1-4 Potential UE architecture variants to support CA_n8-n20-n28 with 3 antenna

However, the downside with variant (a) and (b) is that the widest frequency range which needs to be covered by any of the antenna is still relatively wide at 212 MHz and 257 MHz respectively.

For the 4-antenna implementation, the three of the four antenna are used in the main path to aggregate the n8, n20, and n28 signals over the air, as shown in Figure 5.3.1-5. As n8, n20, and n28 signals do not need to be combined through a multiplexer, there is no additional insertion loss in n8, n20, and n28 main signal paths as compared to single-band implementation.
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Figure 5.3.1-5 CA_n8-n20-n28 UE architecture based on the 4-antenna implementation

Having 3 antenna in the main signal path not only avoids the more complicated multiplexer implementation and the associated additional insertion losses, but also allows narrower frequency coverage for each of the 3 antenna as compared to single-antenna implementation. However, the additional antenna cannot be added without occupying more phone space. Therefore, the feasibility on placing more than two low-band antenna in a smartphone needs to be investigated with the concern of the expected narrower bandwidth and regressed radiating performance due to the limitation in form factor.

Apart from the UE architecture feasibility, the REFSENS impact (MSD) caused by cross-band isolation between n28 UL and n20 DL and between n20 UL and n28 DL, IMD3 from UL CA_n20-n28 to n8 DL, and IMD3 from UL CA_n8-n20 to n20 and n28 DL also needs to be addressed. These MSD mechanisms are highly dependent on the multiplexer filter isolation to the aggressor UL bands and the IMD products in the victim DL bands which may only be available after the multiplexer feasibility studies.
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