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Introduction
In RAN1#114bis meeting, following agreement was made [1]. 
	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 contribution, we present our views on above options for solving the TDD-FDD UL CA issue. 
Discussions
For the issue mentioned in [2] – [3] for supporting the TDD-FDD CA with TDD as PCell and with mixed numerologies, i.e., TDD with 30KHz SCS, FDD with 15KHz SCS, it was agreed to down-select from following three options.
· [bookmark: _Hlk149061920]Option 1: Introduce 4-bit PDSCH-to-HARQ_feedback timing indicator in DCI format 1_1
· [bookmark: _Hlk149121709]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
In the following, we provide our analysis for each option in the ascending order of the specification impacts. 
For Option 4, there was some concern from companies that relying on DCI formats X_2 may delay the implementation. However, if Option 2 is considered feasible and can be early implemented by UE vendors because simultaneous transmission of PUCCH and PUSCH of different prioritise was already supported in Rel-17, then implementing Option 4 should be considered more easier or earlier given the DCI formats X_2 is a Rel-16 feature. In addition, using different DCI formats to resolve the scheduling restriction issue does not need to be tied with the handling of different priority, since the priorityIndicator is configurable by the RRC for DCI formats X_1 and DCI formats X_2. Therefore, in our view, Option 4 is the simplest solution and with no specification impact.
For Option 1, it has some additional specification to increase the PDSCH-to-HARQ_feedback timing indicator field size and new UE capability and new RRC parameter also need to be introduced to avoid any backward compatibility issue> Overall, the specification impacts for supporting Option 1 is small.
For Option 2, this solution was proposed in Rel-17 URLLC/IIoT session, but no consensus was reached at that time, corresponding conclusion was made in RAN1#107-e meeting as below.
	Conclusion
There is no consensus in RAN1 to support simultaneous PUCCH/PUSCH transmission of same priority over different cells in Rel-17.



[bookmark: _Hlk149125760][bookmark: _Hlk149226406]One reason for not supporting simultaneous PUCCH/PUSCH transmission of same priority over different cells is because no strong motivation is found in Rel-17, except for different priorities. Another reason for not supporting for the same priority is due to the increased complexity when it interacts with PUCCH/PUSCH transmission with different priorities. Assuming the UE supports simultaneous PUCCH/PUSCH transmission of different priorities and same priority over different cells. Take following Case 1-a and Case 1-b as one example:
	[image: ]
Case 1-a
	[image: ]
Case 1-b


Figure 1: Overlapped PUCCH/PUSCH with different priorities 
For Case 1-a, if follow the principle of Rel-17 multiplexing of PUCCHs/PUSCHs with different priorities, High Priority (HP) PUCCH#3 will be multiplexed on the HP PUSCH#1 and transmitted on SCell#1, LP PUCCH#1 and LP PUCCH#2 will be transmitted on PCell. From our understanding, this case is already supported in Rel-17 if the UE supports simultaneous PUCCH and PUSCH transmissions of different priorities on different cells for inter-band CA.
However, for Case 1-b, the Rel-17 principle is no longer applicable. How to support this case needs further discussion. The potential UE behaviour can be as follows:
· If the UE does not support multiplexing HARQ-ACK with different priorities on a PUCCH/PUSCH
· Behaviour 1: LP PUCCH#2 is dropped, LP PUCCH#1 and HP PUCCH#3 is transmitted on Pcell, LP PUSCH#1 is transmitted on SCell#1
· Behaviour 2: LP PUCCH#2 is multiplexed on the LP PUSCH#1 and transmitted on SCell#1, LP PUCCH#1 and HP PUCCH#3 is transmitted on Pcell
· If the UE supports multiplexing HARQ-ACK with different priorities on a PUCCH/PUSCH
· Behaviour 1: LP PUCCH#2 is multiplexed on the HP PUCCH#3, LP PUCCH#1 and HP PUCCH#3 is transmitted on Pcell, LP PUSCH#1 is transmitted on SCell#1
· Behaviour 2: HP PUCCH#3 is multiplexed on LP PUSCH#1 and transmitted on SCell#1, LP PUCCH#1 and LP PUCCH#2 is transmitted on Pcell
Above discussion for Case 1-b assumes that NW enables the two features e.g., simultaneous PUCCH/PUSCH with different priorities and simultaneous PUCCH/PUSCH with the same priority cross different carriers. In case the NW is allowed to enable only one of the features, e.g., enables simultaneous PUCCH/PUSCH with the same priority cross different carriers without enabling simultaneous PUCCH/PUSCH with the different priorities cross different carriers or vice versa, UE behaviour will be changed. The overall UE behaviour for handling different multiplexing cases based on NW’s configuration will become more complex. 
Therefore, supporting Option 2 would involve more specification efforts and increase more complexity at the UE side for supporting traffic with different priorities. Therefore, this option is the least preferred from our perspective.    
[bookmark: _GoBack]Proposal 1:  To resolve the issue for TDD-FDD UL CA raised by R1-2309352 and R1-2310345, following options are preferred.
· [bookmark: _Hlk149147382]Option 1: Introduce 4-bit PDSCH-to-HARQ_feedback timing indicator in DCI format 1_1
· Option 4: DCI format 1_0 (or DCI format 1_1) for Pcell and DCI format 1_1 (or 1_2) for Scell
Proposal 2: In case Option 1 that introduce 4-bit PDSCH-to-HARQ_feedback timing indicator in DCI format 1_1 is selected, specify one new UE capability and one new RRC parameter to enable/disable this feature. 

Conclusion
This contribution presents our views for each option to resolve the scheduling restriction issues faced for TDD-FDD CA. The proposals in this contribution are summarized as following:
Proposal 1:  To resolve the issue for TDD-FDD UL CA raised by R1-2309352 and R1-2310345, following options are preferred.
· Option 1: Introduce 4-bit PDSCH-to-HARQ_feedback timing indicator in DCI format 1_1
· Option 4: DCI format 1_0 (or DCI format 1_1) for Pcell and DCI format 1_1 (or 1_2) for Scell
Proposal 2: In case Option 1 that introduce 4-bit PDSCH-to-HARQ_feedback timing indicator in DCI format 1_1 is selected, specify one new UE capability and one new RRC parameter to enable/disable this feature. 
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