[bookmark: _Hlk37418177]3GPP TSG RAN WG1 #105	R1-2104299
e-Meeting, 19 – 27 May, 2021

Agenda item:		7.1
Source:	Nokia, Nokia Shanghai Bell, Ericsson
Title:	Remaining issues with PUSCH skipping (without LCH and PHY prioritization) (Rel-16)
WI code:	NR_newRAT-Core, TEI-16
Release:	Rel-16
Document for:		Discussion and Decision
Introduction
[bookmark: _Hlk510705081]During RAN1#104-e, RAN1 reached an agreement on the UE behaviour for case 1-6, closing all the open issues for PUSCH that is not repeated and when LCH prioritization is not applied, and there is just one PHY priority, i.e. for all the Rel-15 cases without PUSCH repetition.
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Figure 1: Identified cases for handling for PUSCH skipping (without LCH priority, single PHY priority)

RAN1#104bis discussed the case of PUSCH repetition extensively, identified the following alternatives, but did not reach an agreement. Options 5, 6 and 7 were identified in RAN1#104bis, while the other options were carried forward from earlier meetings [2].
	Option 1: When there’s a UCI to be multiplexed on any of the repetitions of the DG PUSCH, MAC generates MAC PDU for the DG PUSCH and delivers the MAC PDU(s) to PHY and the UCI can be multiplexed on the DG PUSCH.
· MAC generate MAC PDU for all DG PUSCH repetitions
· Note: the UCI multiplexing timeline condition for the first repetition of DG PUSCH should be ensured

Option 2: 
· When there’s UCI overlapping with the first PUSCH repetition of the DG PUSCH, 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 UCI is overlapping with the repetitions other than the first PUSCH repetition.

Option 3: 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. All of the PUSCH repetitions are not skipped.
· When a PUCCH is overlapped with the repetitions other than the first PUSCH repetition, if there is no PDU including data delivered from MAC, the DG PUSCH can be skipped. UCI is transmitted on the PUCCH.
Option 4: Rel-16 PUSCH skipping and PUSCH repetitions are not allowed to be enabled together (error case is defined).

Option 5: When PUSCH repetition is configured, 
· if a PUSCH repetition overlaps with PUCCH, MAC generates PDU for the repetition, 
· otherwise, MAC does not generate PDU for the repetition if there is no data for the DG PUSCH.
· Note: it requires the MAC layer can decide whether to generate a MAC PDU for the repetition depending on whether it overlaps with PUCCH, which is different from current MAC behaviour.

Option 6: When PUSCH repetition is configured, 
· MAC layer behavior: For a PUSCH repetition, MAC always generate a PDU. If MAC has data in buffer, generate a real PDU; otherwise, generate a dummy PDU. And MAC use 1-bit to tell the PHY the PDU is a dummy PDU or real PDU. The 1-bit can be UE internal implementation between MAC and PHY, no need to specify it. 
· PHY layer behavior: Each PUSCH repetition independently check it overlap with a PUCCH or not. 
· If it overlaps with a PUCCH, that PUSCH repetition cannot be skipped. 
· If it does not overlap with any PUCCH, 
· if the MAC PDU is a dummy PDU, PHY can skip this PUSCH repetition
· If the MAC PDU is a real PDU, PHY cannot skip this PUSCH repetition. 

Option 7: When a PUCCH is overlapped with any of the first X 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. All of the PUSCH repetitions are not skipped.
· UE does not expect when a UCI is overlapping with the repetitions other than the first X PUSCH repetition
· The value of X can be 1 or is 2  



In this contribution, we discuss the UL skipping behavior for repeated PUSCH with UCI without LCH and/or PHY prioritization configured as a follow-up to the discussions in RAN1#104 [104-e-NR-7.1CRs-01] and in RAN1#104bis [104b-e-NR-7.1CRs-05].

UL skipping without LCH prioritization & single PHY priority and with PUSCH repetition (NR_newRAT-Core, TEI-16)
Figure 1 illustrated the UE behaviour for options 1,2,3,5, 6 and 7 (no UE behaviour for option 4), with the assumption that the UCI trigger is received in time for the UE to take whichever action is assumed. When looking at the illustrations, the following observations can be made:
Observation 1: Options 1, 2, 3 and 7 have the same behaviour if the UCI overlaps with the 1st instance of the PUSCH repetition bundle, while they lead to different behaviours if the UCI overlaps with any other instance of the PUSCH repetition bundle.
Observation 2: Option 7 behaves as option 1 or as option 2 depending on the PUCCH location 
· If the PUCCH overlaps with the 1st PUSCH repetition: option 7 behaves the same as option 1, 2 and 3
· if the PUCCH overlaps with the 2nd PUSCH repetition: option 7 behaves the same as option 1
· if the PUCCH overlaps with the 3rd or later PUSCH repetition: option 7 is the same as option 2, i.e. undefined
Observation 3: Options 5 and 6 are behaviourally the same


	Fig 1a: Options 1,2,3,7 with PUCCH overlapping with 1st PUSCH
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	Fig 1b: Options 1,2,3,7 with PUCCH overlapping with 2nd PUSCH
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	Fig 1c: Options 1,2,3,7 with PUCCH overlapping with 3rd PUSCH
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	Fig 1d: Options 5,6
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Figure 1: Illustration of UE behaviour for options 1,2,3,5,6,7 (option 4 does not have any behaviour to illustrate), assuming that the UCI trigger arrives in time to trigger the dummy TB on PUSCH (if needed)

Issues with option 5/6: with the network not knowing if the transmitted PUSCH is a dummy PDU or information carrying PDU it would try to combine the different PUSCH instances and fail with the decoding of the PUSCH. This would not only lead to (potentially several) retransmission attempt(s) for the dummy TB, but also lead to confusion for the outer loop link adaptation and uplink power control algorithms.
Issues with option 1: When looking at things from the receiver perspective the option 1 would be most preferrable as everything would be predictable and work the same way as when no PUSCH repetition is used. The one issue left is what happens if the DCI triggering the UCI comes too late for the UE to trigger the dummy PUSCH to multiplex the UCI with. 
Issues with option 3: option 3 was motivated to answer the timeline issue of option 1, but there were concerns raised both on the UE having to implement two different alternatives depending on where the UCI lands, and the gNB (potentially) having to blindly detect whether it should receive PUSCH and PUCCH.
Issues with Option 7: option 7 was brought in as a possible bridge between option 1 and option 3, but it still has the timeline issue of option 1.

After reviewing the proposals and, the concerns and the arguments made in the last two RAN1 meetings, we hope the following way forward proposal could be acceptable to all parties:
Proposed way forward: When a UCI would be multiplexed on a slot of a PUSCH repetition bundle that would be skipped:
· If the UCI trigger comes “early enough” for the UE to be able to generate the dummy PDU starting from the 1st instance of the PUSCH repetition bundle: 
· UE behaviour is as in option 1, i.e. a dummy PDU is generated and the UCI is transmitted on PUSCH
· If the UCI trigger comes “too late” for the UE to be able to trigger the dummy PDU starting from the 1st instance of the PUSCH repetition bundle:
· As the PUSCH was not triggered, the UE transmits UCI on PUCCH
· The “early enough” vs. “too late” is determined by at least the minimum PUSCH processing time.
· FFS additional UE processing time budget on top of the minimum PUSCH processing time is specified.

The proposed way forward is illustrated in figure 2 below for cases where the triggered UCI would overlap with the 1st, 2nd or 3rd PUSCH repetition instance, and with the UCI trigger coming “early enough” as well as “too late” to trigger the dummy TB on PUSCH .
	Fig 2a: 
DCI triggering the UCI is received “early enough”
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	Fig 2b: 
DCI triggering the UCI is received “too late”
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Figure 2: Proposed way forward: If the UE has sufficient time to prepare the dummy TB on PUSCH for the full PUSCH repetition bundle, then the UCI is muxed in PUSCH, otherwise the UCI is sent on PUCCH.

The thinking behind the proposal is the following:
· Option 1 behaviour maintains commonality with the non-repetition case and does not require blind decoding in the gNB
· The fall-back behaviour when the UCI trigger comes too late eliminates the concern of being able to schedule DL and the related UL without having to delay the UCI when not knowing if the CG-PUSCH will be present or not.
· This fall-back behaviour is the same as if the PUSCH is not triggered and should maintain UE implementation commonality.

CG-PUSCH: There is no obvious reason why a skipped CG-PUSCH would be treated differently, and thus the same solution could be used for both DG-PUSCH and CG-PUSCH skipping.
Proposal: The same solution is used for UCI overlapping with DG-PUSCH and CG-PUSCH skipping when the PUSCH with repetitions is in use.
Conclusion
The discussions in this contribution on PUSCH skipping with UCI without LCH priority configured and single PHY priority (NR_newRAT-Core, TEI-16) when PUSCH repetitions are used. can be summarized in the following related observations and proposed way forward: 
Observation 1: Options 1, 2, 3 and 7 have the same behaviour if the UCI overlaps with the 1st instance of the PUSCH repetition bundle, while they lead to different behaviours if the UCI overlaps with any other instance of the PUSCH repetition bundle.
Observation 2: Option 7 behaves as option 1 or as option 2 depending on the PUCCH location 
· If the PUCCH overlaps with the 1st PUSCH repetition: option 7 behaves the same as option 1, 2 and 3
· if the PUCCH overlaps with the 2nd PUSCH repetition: option 7 behaves the same as option 1
· if the PUCCH overlaps with the 3rd or later PUSCH repetition: option 7 is the same as option 2, i.e. undefined
Observation 3: Options 5 and 6 are behaviourally the same
Issues with option 5/6: with the network not knowing it the transmitted PUSCH is a dummy PDU or information carrying PDU it would try to combine the different PUSCH instances and fail with the decoding of the PUSCH. This would not only lead to (potentially several) retransmission attempt(s) for the dummy TB, but also lead to confusion for the outer loop link adaptation and uplink power control algorithms.
Issues with option 1: When looking at things from the receiver perspective the option 1 would be most preferrable as everything would be predictable and work the same way as when no PUSCH repetition is used. The one issue left is what happens if the DCI triggering the UCI comes too late for the UE to trigger the dummy PUSCH to multiplex the UCI with. 
Issues with option 3: option 3 was motivated to answer the timeline issue of option 1, but there were concerns raised both on the UE having to implement two different alternatives depending on where the UCI lands, and the gNB (potentially) having to blindly detect whether it should receive PUSCH and PUCCH.
Issues with Option 7: option 7 was brought in as a possible bridge between option 1 and option 3, but it still has the timeline issue of option 1.
Proposed way forward: When a UCI would be multiplexed on a slot of a PUSCH repetition bundle that would be skipped:
· If the UCI trigger comes “early enough” for the UE to be able to generate the dummy PDU starting from the 1st instance of the PUSCH repetition bundle: 
· UE behaviour is as in option 1, i.e. a dummy PDU is generated and the UCI is transmitted on PUSCH
· If the UCI trigger comes “too late” for the UE to be able to trigger the dummy PDU starting from the 1st instance of the PUSCH repetition bundle:
· As the PUSCH was not triggered, the UE transmits UCI on PUCCH
· The “early enough” vs. “too late” is determined by at least the minimum PUSCH processing time.
· FFS additional UE processing time budget on top of the minimum PUSCH processing time is specified.

Proposal: The same solution is used for UCI overlapping with DG-PUSCH and CG-PUSCH skipping when the PUSCH with repetitions is in use.
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