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1 Introduction
This paper provides our views on the support of UE Tx switching between two UL carriers for the following issues.
· Additional preparation time for UL Tx
· UL Tx scheme for inter-band UL CA
Detailed proposals are described in the following sections.

2 Additional preparation time for UL Tx
In RAN1#100-e, it was agreed as follows.
Agreements:

· If uplink Tx switching is triggered, the length of the additional time for PUSCH preparation procedure equals to the length of UL switching period.

However, there are no discussion yet on additional preparation time for other physical UL channels/signals (e.g. PRACH, PUCCH and aperiodic SRS) if there is UL Tx switching gap between the triggered event and actual UL Tx.
· For PDCCH order triggered PRACH transmission, the preparation time is 
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 symbols corresponding to a PUSCH preparation time for UE processing capability 1, assuming 
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 corresponds to the smallest SCS configuration between the SCS configuration of the PDCCH order and the SCS configuration of the corresponding PRACH transmission. As RAN1 agreed that additional preparation time for PUSCH Tx is equal to the configured UL Tx switching gap, the same additional preparation time should be applied to PRACH Tx as well.
· For PUCCH transmission due to HARQ-ACK, the preparation time includes the preparation time of PDCCH decoding, the preparation time of PDSCH decoding and the preparation time of PUCCH for HARQ-ACK Tx. If there is any UL Tx switching gap between HARQ-ACK transmission and corresponding PDSCH, it means there is UL Tx (e.g. PUSCH) in another UL carrier and PUCCH processing may be delayed due to potential longer preparation time for the UL Tx in another UL carrier. Therefore, it’s proposed to add the same additional preparation time for PUCCH transmission due to HARQ-ACK. 
· For aperiodic SRS transmission, the preparation time is either N2 or N2 + 14, where N2 is the preparation time of PUSCH. As RAN1 agreed that additional preparation time for PUSCH Tx is equal to the configured UL Tx switching gap, the same additional preparation time should be applied to SRS Tx as well. 
Proposal #1: For PDCCH order triggered PRACH transmission, additional preparation time is equal to the configured UL Tx switching gap when there is triggered UL Tx switching between a PDCCH order and the corresponding PRACH transmission.
Proposal #2: For PUCCH transmission due to HARQ-ACK, additional preparation time is equal to the configured UL Tx switching gap when there is triggered UL Tx switching between a PDSCH and the PUCCH transmission for the corresponding HARQ-ACK.
Proposal #3: For aperiodic SRS transmission, additional preparation time is equal to the configured UL Tx switching gap when there is triggered UL Tx switching between a triggering PDCCH and the triggered SRS transmission.
3 UL Tx scheme for Inter-band UL CA
In the WID, RP-193266, the considered scenarios include standalone NR with SUL, inter-band UL CA and inter-band EN-DC without SUL and it also states that RAN1 should strive for minimize RAN1 impact. For inter-band UL CA, the following three options for UL Tx scheme are discussed in RAN1#100 but no conclusion on which option is selected.
· Option 1: UE can only be scheduled UL transmission on carrier 1 for case 1

· Option 2: UE can be scheduled UL transmission on both carrier 1 and carrier 2 for case 1

· Option 3: UE capability signalling on either of the above two options
In RAN1#100, the following working assumption was made to further clarify Option 2.
Working assumption:

· For inter-band UL CA, if option 2 is supported, the following sub-option 2-3 is supported defined. 

· Minimize RAN1 impact 

· No new RAN4 impact 

· No new TDM pattern

· It can be revisited in future RAN1 meeting with taking into consideration any relevant RAN4 decisions on DL interruption for UL Tx switching.

Option 2-3

	
	Number of Tx chains in WID (carrier 1 + carrier 2)
	Number of antenna ports for UL transmission (carrier 1 + carrier 2)

	Case 1
	1T+1T
	1P+0P, 1P+1P, 0P+1P

	Case 2
	0T+2T
	0P+2P, 0P+1P


For Option 2, we have the following concerns.

· It’s not robust enough

· Since there is no explicit signalling defined in RAN1 specs on Tx chain to sync the understanding on UE Tx chain status between UE and gNB, UE and gNB can easily get different understandings on UE Tx chain status if either of UE and gNB misses any UL Tx and thus results in UL Tx loss.

· System performance gain is not clear

· For cell-edge UEs, UL Tx on single carrier can reduce potential Tx power back-off for better coverage so no simultaneous UL Tx on two carriers is needed

· For inner-cell UEs, the only difference between Option 1 and Option 2 is whether to split UE Tx chains on two carriers for rank-1 transmission on each carrier. Considering Tx diversity gain in Option 1 and potential UL Tx loss plus Tx power back-off in Option 2, it’s hard to say Option 2 has better system performance than Option 1

· Large RAN1 spec impacts

· It introduces more RAN1 spec impacts, which conflicts the WI objective “strive to minimize RAN1 impact”

Therefore, we propose to adopt Option 1.
Proposal #4: Adopt Option 1 as UL Tx scheme for inter-band UL CA.
4 Conclusion
Proposals in this paper are summarized as follows.

Proposal #1: For PDCCH order triggered PRACH transmission, additional preparation time is equal to the configured UL Tx switching gap when there is triggered UL Tx switching between a PDCCH order and the corresponding PRACH transmission.

Proposal #2: For PUCCH transmission due to HARQ-ACK, additional preparation time is equal to the configured UL Tx switching gap when there is triggered UL Tx switching between a PDSCH and the PUCCH transmission for the corresponding HARQ-ACK.

Proposal #3: For aperiodic SRS transmission, additional preparation time is equal to the configured UL Tx switching gap when there is triggered UL Tx switching between a triggering PDCCH and the triggered SRS transmission.

Proposal #4: Adopt Option 1 as UL Tx scheme for inter-band UL CA.
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