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1
Introduction
The work item on “TDD-FDD joint operation including CA” was approved at RAN #60 meeting [1], and four example band combinations including CA B1+B41 were included in the revised WID at RAN #63 meeting [2]. Based on that, the impact of B1+B41 combination for TDD-FDD CA was discussed in the last two RAN4 meetings. In RAN4 #70bis meeting, BS harmonics and intermodulation analysis for CA B1+B41 was approved in [3]. Currently, there are still some main issues for CA B1+B41 that need further discussion, such as UE architecture, insertion loss and potential MSD (maximum sensitivity degradation). 
In this contribution, we present our views on UE RF issues for CA B1+B41 from an operator’s perspective. 
2
Discussion
2.1 Tx/Rx insertion loss
In the previous meetings, several candidate UE reference architectures were proposed for B1+B41 CA combination (high-high band CA combination). Compared to the non-CA case, these CA architectures need additional diplexer, triplexer, and/or switch [4] [5] [6], and thus introduce additional Tx/Rx insertion loss. Especially, B41 supports a very wide bandwidth of 194 MHz, which would make the additional insertion loss to be large. Therefore, when deciding the UE architecture and designing the RF front-end components, additional Tx/Rx insertion loss from the additional diplexer/triplexer/switch should be minimized. 
Proposal 1: UE architecture and RF front-end components need to be carefully optimized, to minimize the additional insertion loss. 
2.2 Cross-band interference
In Figure 1, the related band arrangement for CA B1+B41 is given. ISM band plan may be various in different countries, and frequency range from 2400 to 2483MHz is considered here. Based on this figure, the minimum frequency gap between the related bands is listed as below. 
· Minimum frequency gap between ISM band and B41 is 13 MHz
· Minimum frequency gap between ISM band and B1 UL is 420 MHz
· Minimum frequency gap between B1 DL and B41 is 326 MHz
· Minimum frequency gap between B1 UL and B41 is 516 MHz
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Figure 1: Related band arrangement for CA B1+B41
In the following part, the cross-band interference is analyzed for two cases: 1) B1 is configured as the primary cell, and 2) B41 is configured as the primary cell.
B1 as primary cell and B41 as secondary cell
· Cross-band interference from B1 to ISM band
If B1 is configured as primary cell, the minimum frequency gap between B1 UL and 2.4 GHz ISM band is more than 400MHz. As known, the Tx leakage decreases with the increase of the frequency gap. Therefore, the emission from B1 UL to 2.4 GHz ISM band may not be a big issue.

· Cross-band interference from B1 to B41
When B1 UL is transmitting and B41 is receiving, high attenuation of 50dB or larger is needed from B1 Tx to B41 Rx, so as to limit the intra-device cross-band interference. In Figure 2, the broadband triplexer response of B1 Tx, B1 Rx and B41 filter are shown in red, blue and green colour respectively [6]. Considering that the minimum frequency gap between B1 UL and B41 is 516 MHz, we can observe from Figure 2 that the attenuation from B1 UL to B41 is larger than 60dB. Therefore, it initially indicates that the isolation is enough to avoid the negative impact of the intra-device cross-band interference. And we are also expecting more diplexer/triplexer data from vendors to verify this conclusion.
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Figure 2: Attenuation of B1 and B41 broadband Rx triplexer [6]
B41 as primary cell and B1 as secondary cell
· Cross-band interference from B41 to ISM band
B41 and ISM band are closely adjacent (minimum frequency gap between 2.4 GHz ISM band and B41 is only 13 MHz), which results in very challenging intra-device and inter-device co-existence issues. As pointed out in [7] [8], we may need to consider split-band filters for B41.
· Cross-band interference from B41 to B1 DL
When B41 is transmitting and B1 DL is receiving, high attenuation from B1 Tx to B41 Rx is needed. However, the triplexer shown in Figure 2 can bring only 20-50 dB attenuation from B41 to B1 DL, and the diplexer in Figure 3 [6] can provide about 40-65 dB attenuation from B41 to B1 DL. In addition, some initial data from [7] also shows that the isolation will fall short and it can be expected that reference sensitivity may be impacted.
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Figure 3: Attenuation of B41Tx-B1Rx broadband diplexer [6]
It is worth mentioning that, these attenuation performances are just some initial results. From operators’ point of view, we would encourage further optimization on diplexer/triplexer design to provide better isolation between B41 and B1 DL. If the isolation is still not enough in the end, we can then consider defining a frequency SEPARATION. In detail, if the frequency gap between the lower edge of the channel bandwidth in B41 and the upper edge of the channel bandwidth in B1 DL is larger than this SEPARATION, additional reference sensitivity degradation should be avoided; otherwise, additional requirements for reference sensitivity degradation need to be specified. Based on the current spectrum status of China Telecom, the gap between on B1 DL (2110-2125 MHz) and B41 (2635-2655MHz) is 510 MHz, and it may be enough to avoid reference sensitivity degradation. 
From above analysis, the following proposals are given:
Proposal 2: To keep the flexibility in practical network, both B1 and B41 can be configured as primary cell for B1+41 CA.
Proposal 3: When B1 is set as primary cell, additional reference sensitivity degradation is not needed. More diplexer/triplexer data from vendors are encouraged to verify this conclusion.
Proposal 4: When B41 is set as primary cell, to address the quite challenging cross-band interference issues, several solutions can be considered: a) design split-band filters for B41, b) further optimization on diplexer/triplexer design, and c) specify additional reference sensitivity degradation when the frequency offset between B41 and B1 DL is smaller than a certain value.

3
Conclusion
This contribution presents our views on UE RF requirement for B1+B41 CA, and our proposals are given as follows:
Proposal 1: UE architecture and RF front-end components need to be carefully optimized, to minimize the additional insertion loss. 
Proposal 2: To keep the flexibility in practical network, both B1 and B41 can be configured as primary cell for B1+41 CA.
Proposal 3: When B1 is set as primary cell, additional reference sensitivity degradation is not needed. More diplexer/triplexer data from vendors are encouraged to verify this conclusion.
Proposal 4: When B41 is set as primary cell, to address the quite challenging cross-band interference issues, several solutions can be considered: a) design split-band filters for B41, b) further optimization on diplexer/triplexer design, and c) specify additional reference sensitivity degradation when the frequency offset between B41 and B1 DL is smaller than a certain value.
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