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In this contribution, we discuss how to solve the two issues for TDD-FDD UL CA identified in [1] and [2].
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[bookmark: _Ref102041626]There were two scheduling issues identified in TDD-FDD CA. 
· Issue 1: Current K1 set only includes 8 entries. Therefore, some of DL PDSCH on FDD Scell cannot find UL slot on TDD Pcell to feedback HARQ-ACK, unless add more K1 candidate values in the set, as illustrated in Fig 1. 
· Issue 2: Current spec disallows back-to-back HARQ-ACK multiplex on a same PUSCH, which blocks the scheduling of PUSCH on FDD Scell, as illustrated by Fig 2. 
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[bookmark: _Ref126933648]Fig 1: Example of PDSCH scheduling restriction
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[bookmark: _Ref149855537]Fig 2: Example of PUSCH scheduling restriction
These two issues were discussed in RAN1 #114bis and the following agreement was made. 
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 our opinion, option 2 is the only option that can solve both issues effectively. Apparently, option 2 can solve issue 2. Option 2 also solves issue 1 and the reasoning is the following. With option 2, gNB can schedule HARQ_ACK feedback on back-to-back UL slot on TDD Pcell (without cross cell check whether PUSCH is scheduled on Scell, i.e., the scheduling of the two cells is decoupled which is good for gNB scheduler implementation). Then with 3 bits K1 set, gNB can add 11 into the K1 set and remove 2 from the set, as illustrated in the following figure. Using K1=3, the ACK/NCK feedback for the last DL slot (highlighted in red) can be delayed by one slot to the next UL slot. Note that, with option 2 allowing back-to-back HARQ-ACK feedback, this is not a problem anymore. 
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Fig 3: Illustrate why option 1 can solve the K1 set deficiency issue
The above modification of K1 set is just an example. We can also remove 4, 6, 7 in K1 set by deferring the HARQ-ACK of corresponding DL slot by 1 UL slot, which would free up more space in K1 set. 
With the above analysis, we can see there is no motivation to take option 1 to introduce larger K1 set, which unnecessarily increase DCI size by 1 bit. Furthermore, option 1 would require UE to track 16 K1 values, instead of 8 K1 values in current specification, to construct HARQ-ACK codebook, which have large impact to UE implementation. 
Furthermore, neither option 1 nor option 4 can effectively solve issue 2 on UCI multiplexing. One might argue that option 1 or 4 can put all HARQ-ACK in one UL slot on Pcell which could bypass issue 2 (although does not solve it). However, in general it is not a good idea to put all HARQ-ACK in one UL slot (which will reduce the coverage and reliability of HARQ-ACK), given there are two UL slots available to use on Pcell. 
On power splitting across cells:
We further wish to highlight that concerns on power splitting due to simultaneous transmissions are unlikely to impact commercial UEs due a recent change in R17. In the R17 WI on increasing maximum output power for CA/DC, for band combinations where one band supports up to PC3 power class and another band supports up to PC2 power class, the total power associated with the band combination is assumed to be the sum of the individual power classes. A new capability (HigherPowerLimitCADC) is introduced per band combination to signal support for this power relaxation and the (old) power class definition per band combination is no longer used for that UE. 
For example, if a UE declares itself as a PC3 (maximum output power of 23 dBm) UE in FDD band X and as a PC2 UE in TDD band Y, then using the R17 change, this UE is permitted to transmit at a total power of 23 dBm + 26 dBm. For such UEs, power splitting across cell is unlikely to be a major concern.  Such a change was introduced with the specific intent of facilitating simultaneous transmissions across cells in uplink. Please refer to RP-212622, R4-2210767, and R4-2210768 for further details.
Observation 1: For UEs supporting R17 feature on increasing maximum output power for CA/DC, the total power associated with the band combination is assumed to be the sum of the individual power classes. This is applicable at least for band combinations where one band supports PC3 power class and another band supports PC2 power class. For such UEs, simultaneous transmission across two cells is unlikely to require power splitting across cells.
With the above analysis, we support option 2. Due to this is too late to change Rel-16 specification (given there are already many Rel-16 UEs deployed in field), we adopt option 2 in Rel-17.  
Proposal 1: To resolve the issue for TDD-FDD UL CA raised in RAN1 #114bis, adopt option 2 in Rel-17 with dedicated UE capability introduced. 
· Option 2: Simultaneous PUSCH and PUCCH transmissions of same priority on different cells
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The following observation and proposal are made to solve the two issues identified in [1] and [2]. 
Observation 1: For UEs supporting R17 feature on increasing maximum output power for CA/DC, the total power associated with the band combination is assumed to be the sum of the individual power classes. This is applicable at least for band combinations where one band supports PC3 power class and another band supports PC2 power class. For such UEs, simultaneous transmission across two cells is unlikely to require power splitting across cells.

Proposal 1: To resolve the issue for TDD-FDD UL CA raised in RAN1 #114bis, adopt option 2 in Rel-17 with dedicated UE capability introduced. 
· Option 2: Simultaneous PUSCH and PUCCH transmissions of same priority on different cells
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