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In RAN1#114bis, the scheduling issue in TDD-FDD UL CA was discussed, and following is agreed:
	Agreement
To resolve the issue for TDD-FDD UL CA raised by R1-2309352 and R1-2310345, RAN1 strive to down-select option(s) among the following options in RAN1#115. 
· Option 1: Introduce 4-bit PDSCH-to-HARQ_feedback timing indicator in DCI format 1_1
· Option 2: Simultaneous PUSCH and PUCCH transmissions of same priority on different cells
· Option 3: Re-defining K1 = 0 as the first available UL slot
· Option 4: DCI format 1_0 (or DCI format 1_1) for Pcell and DCI format 1_1 (or 1_2) for Scell
· Option 5: DL-dataToACK-UL list on a per-cell basis
· For example, move DL-dataToACK-UL out of PUCCH config and place it under PDSCH config for each BWP of each cell
· FFS: specification impact, corresponding RRC parameters, UE capability, which release(s) to be applied


In this paper, the issue is further discussed and our views are presented.
Discussion
RAN1#114bis discussed the scheduling issue in TDD-FDD CA when the TDD PCell has 30kHz SCS and the FDD SCell has 15kHz SCS. This issue affects UEs that support UL CA subject to the following restriction in current specification. UEs that do not support UL CA are not affected because UL transmissions can only be performed in the PCell. 
	A UE does not expect to multiplex in a PUSCH transmission in one slot with SCS configuration  UCI of same type that the UE would transmit in PUCCHs in different slots with SCS configuration  if . 


Problem description:
Due to the restriction above, if HARQ-ACK feedback are transmitted in the two consecutive UL slots of TDD PCell, PUSCH transmission overlapping with the two UL slots are not allowed in FDD SCell if there is no PUSCH scheduled on the TDD PCell at the same time. In order not to impact the PUSCH scheduling in FDD SCell, HARQ-ACK feedback can be reported in one of the two UL slots. However, in this case, the number of required K1 values exceeds the maximum number of 8 which is not supported by DCI format 1_0/1_1. Therefore, for UEs supporting UL CA, there will be scheduling restriction either in DL or in UL which results in throughput loss.
Potential solutions:
The following three options are listed for potential downlink-selection:
· Option 1: Introduce 4-bit PDSCH-to-HARQ_feedback timing indicator in DCI format 1_1
· Option 2: Simultaneous PUSCH and PUCCH transmissions of same priority on different cells
· Option 4: DCI format 1_0 (or DCI format 1_1) for Pcell and DCI format 1_1 (or 1_2) for Scell
For Option 1, it is a simple way to resolve the issue. A 4-bitwidth PDSCH-to-HARQ_feedback timing indicator is introduced for DCI format 1_1. The scheduling restriction for DL and UL can be solved by scheduling one UL slot for PUCCH transmission in PCell. Compared to Option 2, Option 1 seems more friendly to both gNB and UE implementation. For example, the gNB only needs to configure a new set of K1 values for UEs supporting UL CA and the new feature. Two examples of the new set of K1 values are provides in Figure 1 and Figure 2. 
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Figure 1 Example 1: TDD-FDD CA scenario and only one UL slot is used for PUCCH
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Figure 2 Example 2: TDD-FDD CA scenario and only one UL slot is used for PUCCH
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Figure 3 TDD-FDD CA scenario and two UL slots are used for PUCCH
For Option 2, as show in Figure 3, two consecutive UL slots, i.e., slot n and slot n+1, in PCell need to be scheduled for PUCCH transmission in order not to penalize the DL throughput. Meanwhile, simultaneous PUSCH and PUCCH transmissions on the PCell and the SCell are allowed in order not to impact the PUSCH transmission in SCell. There are several aspects that need to be considered for Option 2
· One may first need to clarify whether simultaneous PUSCH and PUCCH is always applied. When only one UL slot is scheduled for PUCCH transmission, whether the UE should follow existing UCI multiplex rule or the UE should transmit PUSCH and PUCCH simultaneously on PCell and SCell. There is clearly a performance degradation if the UE transmit PUSCH and PUCCH simultaneously in this case. 
· With Option 2, the UCI multiplexing rule in current specification needs to be changed. One possibility is to exclude the PUSCHs for which the UE reports the capability of simultaneous PUSCH and PUCCH transmissions for a band combination from the candidate PUSCHs before applying the UCI multiplexing rule. From implementation point of view, Option 2 seems more challenging than Option 1 since the overall procedure for UCI multiplexing on overlapping PUCCHs and PUSCHs is complicated. 
· Type 2 PHR support is necessary to improve power control in case of simultaneous PUCCH and PUSCH transmission. This at least has specification impacts on RAN1 and RAN2: RAN1 needs to determine the PHR calculation, and RAN2 needs to design a new MAC CE format to accommodate Type 2 PHR. One may argue that Type 2 PHR is not necessary even when simultaneous PUSCH and PUCCH transmissions of different priority on different cells were introduced for URLLC. However, the situation is a bit different since the collision probability of PUCCH and PUSCH with different priorities may not be high in URLLC case while this case assumes that simultaneous PUSCH and PUCCH transmissions with same priority already occur on different cells.
For Option 4, it does not require additional specification change. Similar to Option 1, the scheduling restriction for DL and UL can be solved by scheduling one UL slot for PUCCH transmission in PCell. Instead of increasing the bitwidth of PDSCH-to-HARQ_feedback timing indicator for DCI format 1_1, different DCI formats can be configured with different K1 sets to schedule PDSCH. However, this would require the UE and gNB to support DCI format 1_2 which seems costly in order to support UL CA. Currently, there is no dependency between the two features. 
Considering all the above, Option 1 is preferred due to its simplicity. To support Option 1, new bitwidth of K1 field should be a new UE capability considering compatibility, and an RRC signaling is also needed to indicate which bitwidth of K1 field to avoid misunderstanding between gNB and UE.
[bookmark: _Toc130394870]Proposal 1: Support 4-bit PDSCH-to-HARQ_feedback timing indicator in DCI format 1_1.
· UE capability is introduced for indicating the feature.
· New RRC signaling is introduced for indicating whether the feature is enabled, if the feature is enabled, up to 4-bit PDSCH-to-HARQ_feedback timing is used.
[bookmark: _Ref129681832]Conclusion
According to the above discussion, we have the following proposal:
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Proposal 1: Support 4-bit PDSCH-to-HARQ_feedback timing indicator in DCI format 1_1.
· UE capability is introduced for indicating the feature.
· New RRC signaling is introduced for indicating whether the feature is enabled, if the feature is enabled, up to 4-bit PDSCH-to-HARQ_feedback timing is used.
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