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Introduction
This document discusses whether low band (LB) combination DC_8A-20A_n28A is feasible in a smartphone form factor as agreed in WF [1]. This is followed by a brief discussion for the case of the recently requested LB-LB-LB combination CA_n5A-n8A-n28A.
Discussion
DC_8A-20A_n28A
WF [1] invites companies to provide band 8 MSD due to IM3{B20;n28} and study feasibility of implementation in a smartphone factor. Measurements results for B8 MSD are not available at the time of writing. This document focuses on implementation challenges from an RF Front-End (RF-FE) perspective.
Background on IMD and Frequency Band Landscape
Figure 1 below is reproduced from [2] and shows that only B8 Scell may be desensitised in the case when DC_20_n28 uplink (UL) transmissions are configured due to IM3 product 2*B20Tx-1*n28 falling in B8 Rx. MSD for similar IM3 landscape have been previously agreed to 25dB for DC_8_n20 and CA_5_n24.
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[bookmark: _Ref79005941]Figure 1: DC_8-20_n28 landscapes. Top: UL_8_n28, Bottom: UL_20_n28. Drawings from [2].

LTE Baseline RF-FE Architectures [3]
Figure 2 reproduce two RF-FE architectures studied in [3] legacy LTE combination CA_8A-20A-28A. Both architectures rely on on two transmit/receive capable low-band antennae. 
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[bookmark: _Ref79008268]Figure 2 RF-FE architectures for CA_8A-20A-28A [3].
We observe however that B8+B20 cannot be tri-plexed and that B20+B28 cannot be quad-plexed. The frequency range of B28 is restricted to 703-733MHz for the uplink and to 758-788MHz for the downlink. Receiver diversity branch is not captured in [3]. We assume here that the use of a receive band 8 + combined receive bands {20-28} could be supported with a duplexer.
Considering the above observation, Figure 3 captures the two baseline architectures.
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[bookmark: _Ref79008817]Figure 3:CA_8A-20A-28A baseline architectures. Option 1: Antenna 1 B28 duplexer + Antenna 2 {B8+B20} quad-plexer, Option2: Antenna 1 B8 duplexer + Antenna 2 {B20+B28} tri-plexer.

Observation 1: CA-8-20-28 LTE architectures assume simultaneous operation across 3 LB antennae: 2 LB Tx/Rx capable antennae + 1 LB Rx diversity antenna: 2 LB Tx/Rx capable antennae + 1 LB Rx diversity antenna.
DC_8A-20A_n28A RF-FE Architecture Options and Challenges
Candidate architecture #1 is reproduced in Figure 4 from [4]. We observe this architecture is that of LTE option 2.
Observation 2: DC_8-20_n28 architecture #1 [4] is equivalent to LTE CA_8-20-28 option 2. It requires simultaneous operation across 3 LB antennae: 2 LB Tx/Rx capable antennae + 1 LB Rx diversity antenna.
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[bookmark: _Ref79010099]Figure 4: DC_8-20_n28 candidate architecture #1 – Reproduced from [4]
A quick survey analysis of recent 5G capable smartphones (low-mid end range and super high-end smartphones) indicate however that in 2021 commercial devices:
· There is only one LB Tx/Rx capable antenna.
· In some cases, some smartphones may support LB receiver diversity on two separate physical antennae, making a total of 3 available LB antennae. However, at any-time, only 2 LB antennae are active: 1 LB Tx/Rx + 1 LB Diversity Rx.
· In many implementations, the primary Tx/Rx LB antenna is shared with Mid-Band (MB) and sometimes with MB+High Band (HB) Tx/Rx chains, hence leading to poor antenna performance in low bands, or tough antenna tuning challenges.
· Despite the trend in increasing screen sizes, the number of physical antenna that smartphones integrate keeps on increasing, leaving little space for an eventual second LB Tx/Rx capable antenna. In the hypothetical case where a second Tx/Rx LB capable antenna could be accommodated, the antenna to antenna correlation and isolation performance may be very poor. 
Observation 3: Considering the tough smartphone hardware implementation challenges, candidate architecture #1 for DC_8-20_n28 which needs simultaneously 3 LB antenna and 2 Tx/Rx LB capable antennae is considered impractical for smartphone form factors. This observation also applies to USB dongles or any small form factor devices. At best large form factor devices such as Tablets of large size FWA devices could be considered for architecture #1.
At RAN4 meeting 99-e, a candidate architecture #2 based on the use of a penta-plexer was discussed in [5] for the primary Tx/Rx.
[image: ]
Figure 4: DC_8-20_n28 candidate architecture #2 
This architecture only requires simultaneous operation across 2 LB antennae: 1 Tx/Rx LB capable antenna + 1 Diversity Rx antenna. The pentaplexer complexity is sketched in Figure 6.
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[bookmark: _Ref79012323]Figure 6: DC_8-20_n28 primary Tx/Rx antenna pentaplexer
We concur with several observations captured in [2] and [5] and add further comments related to the challenges of this architecture.
Observation 3: Candidate architecture #2 for DC_8-20_n28 requires pentaplexing the following bands: B28Tx+combined {B20+B28}Rx+B20Tx+B8Tx+B8Rx. This brings several challenges:
· World-Wide Single SKU challenges: DC_8-20_n28 is restricted to band n28A – EU region operation. This means that to support this combination requires a specific RF-FE module. If supported/implemented, this implies that such UE when roaming in say, Asia, could only be used in band 8 standalone. This is considered not acceptable for WW phones.
· Pentaplexer challenges:
· Must support a very wide bandwidth at very low frequencies. Consequently, high insertion losses are expected.
· Edge of band performance may be impacted, i.e. poor performance on Tx band n28 and Rx band 8.
· Tough Tx-Rx isolation and tough B20 tx to B8 Tx isolation: there is only and 18MHz gap between these two bands.
· Meeting Spurious emission requirements for UE to UE co-existence may be challenging when UE is configured for dual-uplink operation.
· Antenna challenges:
· The primary Tx/Rx antenna must deliver good performance across 257MHz of bandwidth below 1GHz.
· Antenna tuning may be extremely challenging across all bands and it is difficult to consider that optimal VSWR can be delivered across all bands. Consequently, it is expected that such architecture may pay a heavy price in TIS and/or TRP performance.
In summary, neither architecture #1 nor architecture #2 are trivial to support in a smartphone form factor. However, both architectures may however be viable candidates for large form devices, such as large size FWA devices. We therefore make the following proposal.
Proposal: Consider restriction of DC_8-20_n28 operation to FWA form factor devices only. FFS which of architecture #1 or architecture #2 provides the best complexity / performance trade-off and completion of B8 MSD due to IMD3.
0. CA_n5A-n8A-n28A
CA_n5A-n8A-n28A has recently been requested with UL configuration CA_n5-n8, CA_n5A-n28A and CA_n8A-n28A. The corresponding frequency band landscape for each UL configuration is sketched in 
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Figure 7: CA_n5-n8-n28 landscapes. Top: UL_n8-n28, Middle: UL_n5-n8, Bottom: UL_n5-n28. Drawings from [2].
Firstly, it is not clear from this combination request how simultaneous Band n8 Tx operation and Band n5 Rx can be supported considering the overlap condition of these two frequency bands. Secondly, in the hypothetical case where the first question is resolved, in the case UL CA_n5-n8, n28 MSD may occur due to IMD3 {n5;n8}. n8 MSD may also occur in the case of UL CA_n5-n28 due to IM3 {n5;n28}. Added to the some of the above-mentioned challenges for DC_8-20_n28, this combination requires further clarifications.
Observation 4: Further clarification is needed for requested operation of CA_n5-n8-n28,. In particular, how n5 Rx band overlap with n8 Tx band can be resolved.
Conclusions
In this contribution, we discuss the RF front-end challenges associated with DC_8-20_n28. The two candidate architectures are not trivial to support in a smartphone form factor:
· Architecture #1 requires simultaneous operation across 3 low-band antennae: 2 LB-Primary Tx / Rx antennae + 1 diversity Rx antenna. We observe throughout a quick survey of the latest generation of smartphones, only 2 LB antenna are active at any-time: 1 LB-Primary Tx/Rx antenna + 1 diversity Rx antenna. Considering the trend in latest smartphones goes towards having to support more bands and more physical antennae, we consider this is implementation impractical in current smartphone form factors. 
· Architecture #2 comes with multiple challenges: 1) OEM world-wide UE single SKU impact due to n28A frequency range, 2) extremely difficult/challenging pentaplexer design, 3) huge antenna performance challenges.

We therefore make the following proposal.

Proposal: Consider restriction of DC_8-20_n28 operation to FWA form factor devices only. FFS which of architecture #1 or architecture #2 provides the best complexity / performance trade-off and completion of B8 MSD due to IMD3.
We also note that several LB-LB or LB-LB-LB combinations have been recently requested with variation in implementation complexity. One of them is the case of CA_n5-n8-n28 for which clarification is needed to explain how  the band overlap between n5 Rx band and n8 Tx band can be resolved.

Observation 4: Further clarification is needed for requested operation of CA_n5-n8-n28, in particular how  n5 Rx band overlap with n8 Tx band can be resolved.
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