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1 Introduction
In RAN1#75 meeting, one agreement on PCell-only PUCCH and SCell PUCCH is achieved as follows [1]:
· For TDD-FDD carrier aggregation, at least PUCCH on PCell-only is supported as in Rel-10/11 carrier aggregation, regardless of whether or not UE is configured with UL-CA

· Discuss further whether or not to additionally support PUCCH on SCell
· FFS: TDM switching between PCell and SCell PUCCH

In the above agreement, TDM switching between PCell and SCell PUCCH is still an FFS issue and detailed discussion is expected. In this contribution, we discuss potential issues of TDM UL transmission for TDD-FDD CA-capable UE with single transmitter including the use case of TDM UL transmission and UL switching between FDD cell and TDD cell.
2 Discussion
2.1 Use case of TDM UL transmission
In the current CA system, a DL CA-capable UE with a single transmitter is configured with only one UL serving cell (i.e. PCell), and HARQ-ACK feedback and CSI report of all DL serving cells can be transmitted via PUCCH on PCell only. In the case of TDD as Pcell and FDD as Scell, it means that UL transmission can only occur at TDD-UL subframes. However, even with a single UL transmitter, Scell UL transmission at FDD-UL frequency during TDD-DL subframes is feasible as long as FDD-UL frequency and TDD frequency are not too close (e.g., closer than the FDD duplexer gap). For a TDD-FDD DL CA-capable UE with single transmitter which can support UL transmission at either FDD band or TDD band, it is possible that the UE is configured with two UL serving cells to support TDM UL transmission. The motivation is that some benefits can be obtained via TDM PUCCH transmission and TDM PUSCH transmission.
Benefit #1: Easy resolution of the HARQ timing issue for FDD Scell

The main problem of TDD-FDD CA is the HARQ issue. In the following, we discuss the scenario of TDD cell as PCell and FDD cell as SCell. One solution for this scenario is to reuse existing DL-reference configuration concept in the current CA framework [2]. One solution which may result in significant specification impact is to specify new DL HARQ timing for FDD SCell. Another simple solution is to introduce PUCCH transmission on SCell [3]. If SCell PUCCH is supported, the SCell PUCCH can carry the SCell’s DL HARQ-ACK based on its own DL HARQ timing. The HARQ problem can be resolved, and existing PUCCH formats in a non-CA system can be directly reused for SCell PUCCH. In addition, existing advantages (e.g., not complicated, low time latency and distributed DL HARQ-ACK report) of the DL HARQ timing of FDD mode can be reused for the FDD SCell when TDD cell is PCell. For a TDD-FDD CA-capable UE with single transmitter, TDM PUCCH transmission on FDD serving cell and TDD serving cell should be supported. For example, PUCCH can be transmitted either on FDD-UL subframe to carry DL HARQ-ACK of FDD SCell, or on TDD-UL subframe to carry DL HARQ-ACK of TDD PCell and/or FDD SCell.    
Benefit #2: Higher UL throughput by allowing Scell UL-PUSCH transmission 
Besides supporting separate DL HARQ-ACK reports, TDM PUSCH transmission can be used to achieve higher UL throughput. Consider a scenario that a TDD-FDD CA-capable UE with single transmitter is configured with TDD cell as PCell and FDD cell as SCell. Since the UL subframes on TDD PCell are non-contiguous, the UE can switch the UL data transmission to FDD SCell in a subframe corresponding to TDD-DL or TDD-S subframe. Hence, additional UL resources on FDD SCell can be used to improve the UL throughput. As illustrated in Figure 1, additional FDD-UL subframes on FDD SCell can be used for UL data transmission besides TDD-UL subframes on TDD PCell. For the use case of FDD cell as PCell and TDD cell as SCell, although there are contiguous UL subframes on FDD PCell, UL traffic load can be balanced between FDD PCell and TDD SCell via TDM UL transmission. In addition, other benefits can be obtained via dynamic UL switching, e.g. better channel condition and so on.    
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Figure 1. TDM UL transmission for TDD-FDD CA
Benefit #3: Extension to dual connectivity support
Besides the use case of TDD-FDD CA, another use case is TDD-FDD/TDD/FDD Dual Connectivity (DC). Since the backhaul between eNBs may be non-ideal in a DC system, TDM UL transmission is necessary to support separate control information transmission for single transmitter UE. For a CA system with ideal backhaul, dynamic TDM pattern can be supported for UL transmission. However, for a DC system with non-ideal backhaul, only semi-static TDM pattern can be used since the eNBs cannot coordinate the UL scheduling in time.
Observation 1: In order to support separate PUCCH transmission, TDM PUCCH transmission is necessary for TDD-FDD CA-capable UE with single transmitter.
Observation 2: TDM PUSCH transmission can be used to achieve higher UL throughput for TDD-FDD CA-capable UE with single transmitter in the use case of TDD cell as PCell and FDD cell as SCell.
2.2 UL switching between FDD cell and TDD cell 

For a TDD-FDD CA-capable but single transmitter UE, UL switching between FDD serving cell and TDD serving cell is necessary to support TDM UL transmission. The difference of UL TA values for FDD serving cell and TDD serving cell may impact the behavior of UL switching. Due to the difference of propagation distances to different serving cells, e.g. non-co-located transmitters in CA scenario 4, the corresponding UL TA values may be different, i.e. existing TAG concept in current CA. For TDD serving cell, besides the UL TA value caused by propagation distance, a TDD special UL TA offset is used for TDD eNB to switch RX to TX, i.e. 624 basic unit times about 20 us. Thus, the UL TA value for TDD serving cell is very likely larger than the UL TA value for FDD serving cell. As illustrated in Figure 2, the boundary of UL subframe at FDD eNB is assumed to be aligned with that at TDD eNB. When UL transmission is switched from the FDD serving cell to the TDD serving cell, there will be an overlap region. Due to the overlap of UL transmissions, dropping partial UL transmission within the overlap region is necessary.
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Figure 2. Overlapped UL transmission during UL switching
In one example, if the length of overlap region is less than the length of one OFDM symbol and larger than the length of CP, and SRS is configured to be transmitted at the last OFDM symbol on FDD serving cell, the SRS can be dropped to ensure the whole UL transmission on TDD serving cell. Although SRS dropping can solve the problem of UL transmission overlap, UL switching point is restricted to the subframe with SRS configuration. Therefore, UL scheduling is inflexible and UL switching cannot be dynamically supported, considering current SRS subframe is cell specifically configured for all serving UEs. Alternative solution is to blank the last OFDM symbol on FDD serving cell at the UL switching point, i.e. there is no any UL transmission within the blank OFDM symbol. The UL transmission can be transmitted   
In another example, assuming there is an offset between the UL subframe boundaries at TDD eNB side and at FDD eNB side, and the offset is the same as the TDD special UL TA offset, i.e. 624 basic time units. Thus, the length of overlap region is mainly caused by the differences of propagation distances and possibly less than the length of CP. During the UL switching, dropping partial CP within the overlap region can be performed on TDD serving cell. Partial CP dropping may not impact the UL detection performance if the sum of the maximum time delay spread and the length of the overlap region is less than the length of CP. Thus, the remaining CP length is ensured to be larger than the maximum time delay. Alternative solution is to drop the tail part of the last OFDM symbol on FDD serving cell, and the serving FDD eNB shall know the information about the tail dropping and accordingly adjust the boundary of received OFDM symbol to ensure successful OFDM demodulation. If partial CP dropping or tail dropping cannot cover the overlap region, the two kinds of dropping can be combined. Considering 0.5 km cell radius, the maximum propagation distance is 1km for a round trip, and corresponding propagation time, i.e. the maximum UL TA value, is 3.33us which is less than the length of normal CP, i.e. 5.2us. For TDD-FDD CA scenario, the propagation distances to TDD eNBs and FDD eNBs may generally be less than 0.5km in realistic network deployment. Therefore, partial CP dropping and/or tail dropping may be enough in most cases.
Similarly, for TDD/FDD CA and TDD-FDD/TDD/FDD DC, if TDM UL transmission is used for a UE with single transmitter, UL transmission overlap is possible during UL switching. Comparing with the UL switching between the two cells with the same mode, the UL switching between FDD cell and TDD cell may be problematic due to the TDD special UL TA offset. However, if an offset is used for the UL subframe boundaries at TDD eNB side and at FDD eNB side and the offset is same as the TDD special UL TA offset, the problem in UL switching between FDD cell and TDD cell no longer exists. Therefore, a unified solution shall be specified to solve the problem of UL transmission overlap for all use cases. If the two serving eNB is co-located, UL transmission overlap during UL switching is not a problem.  
Observation 3: Due to the difference of TA values corresponding to TDD and FDD serving cells, there is an overlap region of UL transmission. SRS dropping, blank OFDM symbol, CP dropping and tail dropping can be used to solve the problem of UL transmission overlap.
Based on the discussion above, we have the following proposal:
Proposal 1: TDM UL transmission can be supported for TDD-FDD CA-capable UE with single transmitter. Corresponding optimization and specification impact should be further analyzed.
3 Conclusion
In this contribution, we discussed potential issues of TDM UL transmission for TDD-FDD CA-capable UE with single transmitter, including the use case of TDM UL transmission and UL switching between FDD cell and TDD cell. Based on above discussion, we had the following proposals and observations:
Observation 1: In order to support separate PUCCH transmission, TDM PUCCH transmission is necessary for TDD-FDD CA-capable UE with single transmitter.

Observation 2: TDM PUSCH transmission can be used to achieve higher UL throughput for TDD-FDD CA-capable UE with single transmitter in the use case of TDD cell as PCell and FDD cell as SCell.

Observation 3: Due to the difference of TA values corresponding to TDD and FDD serving cells, there is an overlap region of UL transmission. SRS dropping, blank OFDM symbol, CP dropping and tail dropping can be used to solve the problem of UL transmission overlap.

Proposal 1: TDM UL transmission can be supported for TDD-FDD CA-capable UE with single transmitter. Corresponding optimization and specification impact should be further analyzed.
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