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1	Introduction
As a continuation of UL skipping discussion started from RAN1#100 meeting, collision/overlapping scenarios involving PUCCH, PUSCH with repetition and ULskipping were discussion during RAN1 # 104e meeting. 
The options being discussed on RAN1#104e meeting is copied from [1] and listed here.
PUSCH skipping in case of PUSCH with repetitions:
[bookmark: _Hlk63341376]Proposal 3-a: For DG PUSCH with repetitions, when DG PUSCH skipping is configured and Rel-16 LCH based prioritization is not configured and there is a single PHY priority for UL transmissions, down-select from the following options,
· Option 1: When there’s a PUCCH overlapping with any of the repetitions, MAC generates MAC PDU for DG PUSCH and delivers the MAC PDU(s) to PHY and the UCI is multiplexed on the DG PUSCH.
· Option 2: When a PUCCH is overlapped with the first PUSCH repetition, MAC generates MAC PDU for DG PUSCH and delivers the MAC PDU(s) to PHY and the UCI is multiplexed on the DG PUSCH. UE does not expect when a PUCCH is overlapped with the repetitions other than the first PUSCH repetition.
[bookmark: _Hlk63341424]Note: the UCI multiplexing timeline condition for the first repetition of DG PUSCH is always met according to current spec.
Proposal 4-a: For CG PUSCH with repetitions, adopt the same solution as DG PUSCH with repetitions in principle, i.e.
When CG PUSCH skipping is configured and Rel-16 LCH based prioritization is not configured and there is a single PHY priority for UL transmissions,
· Option 1: When there’s a PUCCH overlapping with any of the repetitions, MAC generates MAC PDU for CG PUSCH and delivers the MAC PDU(s) to PHY and the UCI is multiplexed on the CG PUSCH.
· Option 2: When a PUCCH is overlapped with the first PUSCH repetition, MAC generates MAC PDU for CG PUSCH and delivers the MAC PDU(s) to PHY and the UCI is multiplexed on the CG PUSCH. UE does not expect when a PUCCH is overlapped with the repetitions other than the first PUSCH repetition.
· The first PUSCH repetition is at least the first transmission occasion of the repetition bundle
· FFS other transmission occasion, e.g. the first repetition is any of the transmission occasions of the actual repetitions where the UE may start the initial transmission according to TS 38.214 Clause 6.1.2.3
· [bookmark: _Hlk63368771]Timeline condition is defined for the first repetition of CG PUSCH as follows
· UCI multiplexing timeline condition should be met for the first repetition of CG PUSCH

In this contribution, we would like to describe our understanding and our preferred solution on handling of PUSCH repetition with ULSkipping.
[bookmark: _Ref178064866]2	Discussion
When a UE is scheduled with repetition by gNB, the channel condition of the UE is presumable coverage limited. The required channel quality for decoding PUSCH cannot be maintained by received signal energy within one transmission that gNB has to aggregate energy from multiple repetitions. When a UE is scheduled with carrier aggregation, the UE is persumable under good radio condition. Carrier aggregation requires power split. When CA is scheduled, UE is not power limited, and its radio condition allows it to transmit large data size in multiple carriers simultaneously. Thus, with a practical gNB implementation, repetition and CA are applicable for different scenarios and would not be triggered at the same time. 
[bookmark: _Toc68637188]PUSCH with repetition and CA would most likely not be triggered at the same time.
Now considering the proposal 3-a with options being discussed during last meeting. Proposal 3-a: For DG PUSCH with repetitions, when DG PUSCH skipping is configured and Rel-16 LCH based prioritization is not configured and there is a single PHY priority for UL transmissions, down-select from the following options,
· Option 1: When there’s a PUCCH overlapping with any of the repetitions, MAC generates MAC PDU for DG PUSCH and delivers the MAC PDU(s) to PHY and the UCI is multiplexed on the DG PUSCH.
· Option 2: When a PUCCH is overlapped with the first PUSCH repetition, MAC generates MAC PDU for DG PUSCH and delivers the MAC PDU(s) to PHY and the UCI is multiplexed on the DG PUSCH. UE does not expect when a PUCCH is overlapped with the repetitions other than the first PUSCH repetition.
Note: the UCI multiplexing timeline condition for the first repetition of DG PUSCH is always met according to current spec.





Figure 1: illustration of scenario for proposal 3-a
For option 1, in order to avoid blind decoding of PUSCH/PUCCH at gNB side, the DL grant must be sent before the first PUSCH repetition. In release 16 the supported number of repetitions has been increased to 32, for a PUSCH type A repetition, it means 32 consecutive slots can be scheduled for repetition transmission. The UCI multiplexing timeline constraint implies that the PDSCH being scheduled after the first slot of the 32 consecutive slots can only report ACK/NACK after the end of the 32 repetitions. If the PDSCH scheduling is after the first transmission, and the corresponding UCI to carry the ACK/NACK is scheduled before the end of last transmission, gNB does not know if the UCI will be transmitted on PUSCH or on PUCCH. 
For option 2, it only ensures the first transmission that overlapped with PUCCH has a deterministic PUSCH transmission. The remaining PUSCH repetitions, if overlap with PUCCH, may or may not be transmitted, which deviates the purpose of reducing implementation complexity for the UL-skipping discussion.
[bookmark: _Toc68637189]Option 1 has disadvantage on timeline restriction, Option 2 had disadvantage of blind decoding complexity.
The goal to achieve for ULSkipping is:
· Avoid the blind decoding for gNB and Ensure the UE timeline 
· Avoid delay and performance degradation.

We should notice that the additional timeline constraint for ULSkipping, comparing with non-ULSkipping case, is because the assumption that MAC CE need to generate dummy data already for the first transmission. If MAC CE doesn’t need to generate dummy data, the timeline constraint over the whole repetition shall not be required. For PUSCH with repetition, it is suboptimal to transmit dummy data. Different from single PUSCH transmission, which is one shot transmission that PUSCH must not be delayed, PUSCH with repetition can be transmitted on other transmission occasions that do not collide with PUCCH.
Based on above discussion, we could handle the PUSCH repetition with a different approach than single PUSCH transmission when ULSkipping is enabled.
When repetition is larger than 1, the PUSCH transmission which collides with PUCCH can be omitted. If the MAC CE has MAC PDU for that PUSCH, the MAC PDU will be transmitted on the PUSCH that is not colliding with PUCCH. Note that the MAC layer still delivers the MAC PDU for the PUSCH transmission which is omitted in the physical layer. Figure 2 illustrates the actual transmission performed in the physical layer, the first PUSCH repetition is skipped, in this example UCI is transmitted on PUCCH.




[image: ]
Figure 2: illustration of proposed solution when PUSCH repetition colliding with PUCCH

[bookmark: _Toc68636734]For PUSCH repetition colliding with PUCCH, the PUSCH transmission is omitted. MAC layer still delivers the MAC PDU for the PUSCH which is omitted in the physical layer.

The proposed solution shares similarity with the Rel-15 procedure of PUCCH repetition colliding with PUSCH as quoted from 38.213.
38.213 section 9.2.6
If a UE would transmit a PUCCH over a first number  of slots and the UE would transmit a PUSCH with repetition Type A over a second number of slots, and the PUCCH transmission would overlap with the PUSCH transmission in one or more slots, and the conditions in Clause 9.2.5 for multiplexing the UCI in the PUSCH are satisfied in the overlapping slots, the UE transmits the PUCCH and does not transmit the PUSCH in the overlapping slots.
If a UE would transmit a PUCCH over a first number  of slots and the UE would transmit a PUSCH with repetition Type B over a second number of slots, and the PUCCH transmission would overlap with actual PUSCH repetitions in one or more slots, and the conditions in Clause 9.2.5 for multiplexing the UCI in the PUSCH are satisfied for the overlapping actual PUSCH repetitions, the UE transmits the PUCCH and does not transmit the overlapping actual PUSCH repetitions.

[bookmark: _Toc68637190] Omission of PUSCH transmission which colliding with PUCCH shares similarity with PUCCH repetition colliding with PUCCH procedure in Rel-15.


One approach to describe the proposed PUSCH repetition behavior with ULSkipping configuration in the specification could be a minor modification of the text in 38.213.
[bookmark: _Toc68617599] If a UE would transmit a PUCCH over a first number  of slots, or if the PUCCH is not repeated but the PUSCH is configured with enhancedSkipUplinkTxDynamic-r16 or enhancedSkipUplinkTxConfigured-r16, and the UE would transmit a PUSCH with repetition Type A over a second number of slots, and the PUCCH transmission would overlap with the PUSCH transmission in one or more slots, and the conditions in Clause 9.2.5 for multiplexing the UCI in the PUSCH are satisfied in the overlapping slots, the UE transmits the PUCCH and does not transmit the PUSCH in the overlapping slots.
If a UE would transmit a PUCCH over a first number  of slots, or if the PUCCH is not repeated but the PUSCH is configured with enhancedSkipUplinkTxDynamic-r16 or enhancedSkipUplinkTxConfigured-r16,  and the UE would transmit a PUSCH with repetition Type B over a second number of slots, and the PUCCH transmission would overlap with actual PUSCH repetitions in one or more slots, and the conditions in Clause 9.2.5 for multiplexing the UCI in the PUSCH are satisfied for the overlapping actual PUSCH repetitions, the UE transmits the PUCCH and does not transmit the overlapping actual PUSCH repetitions.



[bookmark: _Toc68636735]Adopt the above TP in 38.213.

It is also worth to mention that RAN2 shall be informed once this solution is agreed in RAN1.
Page 4
Draft prETS 300 ???: Month YYYY
[bookmark: _Toc68636736]Send LS to RAN2 to inform RAN1 decision.
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Conclusion
In the previous sections we made the following observations: 
Observation 1	PUSCH with repetition and CA would most likely not be triggered at the same time.
Observation 2	Option 1 has disadvantage on timeline restriction, Option 2 had disadvantage of blind decoding complexity.
Observation 3	Omission of PUSCH transmission which colliding with PUCCH shares similarity with PUCCH repetition colliding with PUCCH procedure in Rel-15.


Based on the discussion in the previous sections we propose the following:
Proposal 1	For PUSCH repetition colliding with PUCCH, the PUSCH transmission is omitted. MAC layer still delivers the MAC PDU for the PUSCH which is omitted in the physical layer.
Proposal 2	Adopt the above TP in 38.213.
Proposal 3	Send LS to RAN2 to inform RAN1 decision.
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