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1 Introduction

Although the WI for core requirement of LTE TDD-FDD joint operation including CA was completed in the RAN64 meeting, some issues such as shared antenna scenarios for core requirement are still unclear, which have been discussed in the offline email discussion among companies. 
In this contribution, we gave initial views on the sharing antenna issue in relation to the specification status. We also explained that this issue is not only impacting TDD-FDD CA, but is also impacting FDD-FDD and TDD-TDD inter-band CA.
2 Discussion

During RAN4 discussions, no BS antenna sharing issues were raised in current xx.104 specifications until the multi-band operation was introduced. For MB-MSR, two key points were discussed: ultra wideband transceiver and/or the band(s) mapped to antenna connector(s). Due to the introduction of the new BS configuration, lots of the multi-band radio architectures were discussed, and the RF requirements are basically related to the radio architectures. In current BS specifications, some related texts were added to describe these two points, and also some restrictions such as joint exclusive area for some requirements were introduced.
In current TS36.104 specification, the RF requirements are mostly defined at the single antenna connector. As a result, in most of the inter-band CA WIs, work focus is on UE side and there is no consideration on the BS antenna configurations for the inter-band CA work. This can also be observed from TR 36.860, where the BS specific aspect is mentioned: 
 “Since current 2UL inter-band CA classes are specified from UE point of view and should be agnostic to BS implementation that supports CA, it is envisioned that the current BS requirements shall remain unchanged. However, the applicability of requirements depends on the BS type. A typical implementation is that different RF modules are used for different bands, thus single band requirements shall apply in this case. For some close band combinations, if multi-band receiver is declared to receive both uplink carriers, the exclusions and provisions in RX requirements for BS capable of multi-band operation shall apply.”
Based on the above, our understanding is some of the BS configurations of MB-MSR can be declared to support inter-band CA for some close band combinations. In current TS36.104 specification, the inter-band CA is defined as carrier aggregation of component carriers in different operating bands. From the definition, it is not mentioned the implementation like using the multi-band architecture. In our understanding, the bands can also be mapped to the same antenna connector, as discussed in [1]. Examples of how this can be done are illustrated through the Tx architectures for inter-band CA, given in Figure 1. 
From Figure 1, both Tx share antenna transmission (b) and Tx dual antenna transmission (a), can be supported for inter-band CA. For some closed band combination, ultra wideband RF transceiver (i.e. multi-band transmitter/receiver defined for multi-band operation) can also be used, with common or separated antenna connector configured ((c) and (d)), which are similar with the multi-band configuration. This shows that the bands in inter-band CA can also share common antenna connector, but the current specification only includes the sharing antenna connector implementation for BS capable of multi-band operation case.
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Figure 1: Illustration of Tx radio architectures for inter-band CA
The illustrations in figure 1 can also be applied for TDD-FDD CA, where share common antenna connector and/or multi-band transceiver can be configured. However, during the discussion of TDD-FDD CA, the discussion mainly focus on whether the multi-band BS configurations are feasible to be supported in Rel-12, and the agreement was reached in companies was that multi-band BS configuration supporting both FDD and TDD bands is not supported in Release 12 BS specification. The issue of whether sharing antenna connector supporting both TDD and FDD band be captured or not is for open, it is not only for TDD-FDD CA, but also for FDD-FDD and TDD-TDD inter-band CA. Thus it is suggested:
Proposal: RAN4 should capture the sharing antenna connector issue for inter-band CA, includes TDD-FDD, FDD-FDD and TDD-TDD inter-band CA.
Note: FDD-TDD CA could be separately discussed from FDD-FDD and TDD-TDD inter-band CA. 
The BS configuration of sharing antenna connector will impact some of the requirements. We take transmitter ON/OFF power requirement as an example. In current TS36.104, the description for ON/OFF power is only applied to the antenna connector supporting TDD carrier(s), for the antenna connector only support FDD band, the ON/OFF power requirement isn’t applicable. Thus it is proposed the modification for ON/OFF power requirement as follow, where the TDD operation includes FDD-TDD inter-band CA, TDD-TDD inter-band CA and also multi-band operation with all of supported bands are TDD.
6.4 Transmit ON/OFF power

The requirements in subclause 6.4 are only applied to the antenna connector(s) supported TDD carrier(s) 
6.4.1 Transmitter OFF power

Transmitter OFF power is defined as the mean power measured over 70 us filtered with a square filter of bandwidth equal to the transmission bandwidth configuration of the BS (BWConfig) centred on the assigned channel frequency during  the transmitter OFF period.

For BS supporting intra-band contiguous CA, the transmitter OFF power is defined as the mean power measured over 70 us filtered with a square filter of bandwidth equal to the Aggregated Channel Bandwidth BWChannel_CA centred on (Fedge_high+Fedge_low)/2 during the transmitter OFF period.

6.4.1.1 Minimum Requirement

The transmitter OFF power spectral density shall be less than -85dBm/MHz.

For BS capable of multi-band operation, the requirement is only applicable during the transmitter OFF period in all supported TDD operating band(s).
For BS capable of inter-band CA operation, the requirement is only applicable during the transmitter OFF period in the supported TDD operating band(s)
In addition, for some closed bands combination, the multi-band configuration (i.e. ultra wideband transceiver) may be applied for inter-band CA. In this way, the RF requirements for inter-band CA will be similar with multi-band operation. Hence, it may need to add some texts to describe it.
3 Conclusions 
In this contribution, we have given some initial considerations on the antenna connector sharing issues for TDD-FDD inter-band CA, also for FDD-FDD and TDD-TDD inter-band CA. Because of there were no discussions on this issue for inter-band CA before, so it is proposed:
Proposal: RAN4 should capture the sharing antenna connector issue for inter-band CA, includes TDD-FDD, FDD-FDD and TDD-TDD CA.

In addition, it may need to add some texts to describe the RF requirements inter-band CA for some close band combinations when sharing/separate antenna connector or multi-band/single-band transceiver is configured.
If RAN4 agrees to the proposal above, then detailed specification work can be carried out to capture the requirements in the BS specifications. 
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