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1 Introduction
[bookmark: _Hlk534972253]In RAN#80 plenary meeting [1], the following scope of new SID on physical layer enhancements for NR URLLC was defined. 
Enhanced multiplexing considering different latency and reliability requirements (RAN1): 
· UL inter UE Tx prioritization/multiplexing 
Regarding on UL inter-UE Tx prioritization/multiplexing, the following agreements were made in the previous RAN1 meetings [2][3]:
	Agreements:(#94)
· RAN1 to study the potential enhancements for UL inter UE Tx prioritization/multiplexing
· Performance study of the enhanced UL inter UE Tx prioritization/multiplexing mechanisms using Re-15 mechanisms as the performance benchmark
· The use cases and scenarios adopted in L1 enhancements for URLLC are considered for the evaluation of UL inter UE Tx prioritization/multiplexing
· Other factors to be considered such as overhead, capability, etc.
· Study the UE UL cancelation mechanisms, including at least the following aspects
· The potential mechanisms may include UE UL cancelation/pausing indication, UL continuation indication, UL re-scheduling indication
· Physical channel/signal used for the UL cancelation indication 
· UE Processing timeline for the UL cancelation indication
· UE monitoring behaviours for the UL cancelation indication
· UE PDCCH monitoring capability, if the UL cancelation indication is by PDCCH
· Methods to ensure the reliability of the indication for UE UL cancelation
· Study the UL power control enhancements
· Study other enhancements for the multiplexing between a grant-based UL transmission from a UE and a grant-free UL transmission from another UE

Agreements: (#AH1901)
Capture the following in TR 38.824 section 7.2.1“UE UL cancelation mechanisms”
UE UL cancelation mechanism is considered as one potential enhancement for UL inter-UE Tx prioritization/multiplexing. Either PDCCH or sequence can be considered as potential options for the UL cancelation indication. If PDCCH is used, either group common DCI or UE-specific DCI can be considered as potential options. If sequence is used, either group common sequence or UE-specific sequence can be considered. The monitoring periodicity for the UL cancelation indication should be configurable by the gNB and UE supporting UL cancelation indication should be able to support more than one monitoring occasions for the UL cancelation indication in a slot. If PDCCH is used, whether the UE PDCCH monitoring capability (number of CCEs/BDs per slot) should be increased is to be further investigated. The UE processing time for UL cancelation indication should be equal or shorter than N2 defined in Rel-15 UE capability#2. Upon detecting an UL cancelation indication, UE cancels the corresponding UL transmission. The corresponding UL transmission may include an on-going UL transmission, or an UL transmission that has not been started. After cancelation, the UE may resume the transmission afterwards as one option, or may not resume the transmission afterwards as another option.

Aim to downselect the option(s) in RAN1#96 as indicated in the above text (including no additional enhancements related to the above options due to this SI)


In this contribution we provide a view on the case where PUSCH with UCI is pre-empted.

2 [bookmark: OLE_LINK71][bookmark: OLE_LINK72]Preemption of PUSCH with UCI 
[bookmark: OLE_LINK69]Similarly as in Rel-15 DL eMBB/URLLC multiplexing, reserving UL time-frequency resources to facilitate the potential UL transmission of sporadic URLLC traffic would reduce network resource efficiency. Thus, UL inter-UE multiplexing with dynamic indication (referred to as UL pre-emption indication) will be a key solution for multiplexing UL transmissions with different latency and reliability requirements. 
In the RAN1#95 meeting, several options for the UL pre-emption indication were discussed and in the RAN1 AH1901 meeting, it was agreed to down-select the options in RAN1#96 meeting. Here, we investigate the case that the pre-empted PUSCH contains UCI such as HARQ-ACK information. Typically, the impact of cancellation of the PUSCH with only UL-SCH may be marginal since the cancelled PUSCH can be rescheduled and re-transmitted with a single UL grant. The DL control resource for the UL grant and the UL data resource for the cancelled PUSCH are additionally needed. However, if the UCI such as HARQ-ACK information in the PUSCH is pre-empted, then gNB will have to reschedule multiple PDSCHs, which would significantly increase the waste of DL resource (both DL control resource and data resource). This problem becomes even more serious in a carrier aggregation case, where the pre-empted UCI may contain HARQ-ACK information for lots of PDSCHs. Based on observations, it is desirable to distinguish between UL-SCH preemption case and UCI preemption case.
· Observation 1: It is important to prevent the HARQ-ACK information of the PUSCH from being preempted as much as possible since it is required to reschedule all of pre-empted PDSCHs. 

[image: ]
Figure 1. Examples of UL preemption indication
If a part of the PUSCH with the UL-SCH is preempted, the question is whether or not to transmit the non-preempted part of the PUSCH with UL-SCH. If the preemption resource is very small, it would be better to transmit the non-preempted part of the PUSCH transmission. However, in order to provide high reliability to the URLLC UE, almost all resource elements in the symbol can be pre-empted and thus it may not be possible to decode the PUSCH only with the non-preempted part. When considering the PUSCH with the UL-SCH rescheduling by gNB, it would be better to drop the PUSCH and waits a UL grant rescheduling the PUSCH. However, if the PUSCH includes HARQ-ACK information and resources mapping to the HARQ-ACK information are not preempted, then the UE need not drop the HARQ-ACK information. As shown in Figure 1(a), if the pre-empted resources overlap with the resources mapping UL-SCH only and does not overlap with the resources mapping UCI and DMRS, then the UE drops the resources mapping UL-SCH and transmits the DMRS and UCI. Conversely, if the pre-empted resources overlap with either of the DMRS or UCI, then the UE drops all PUSCHs. 
· Proposal 1: When a PUSCH is pre-empted, then the following UE behaviours can be considered:
· If at least one resource element mapping to either of UCI and DMRS in PUSCH is pre-empted, then drop all PUSCH. 
· If all of resource elements mapping to either of UCI and DMRS in PUSCH are not pre-empted, then the DMRS and UCI are not cancelled (i.e. transmitted).
As described above, the UCI pre-emption would result in a significant waste of DL resource. In order to avoid wasting such resources, rescheduling information for UCI can be contained in the UL pre-emption indication. In Figure 2, the UL pre-emption also indicate a time domain resource for retransmitting the pre-empted UCI. When the UE detects the UL pre-emption indication, the UE first check whether the DMRS and UCI are pre-empted or not. If it is not pre-empted, then the UE transmits the DMRS and UCI as defined in Proposal 1 and does not follow the rescheduling information in the UL pre-emption indication. On the other hand, if either the DMRS or UCI is pre-empted, the UE can retransmit the DMRS and UCI according to the rescheduling information of the UL preemption indication. From this rescheduling mechanism, it is expected to improve the DL resource utilization. 
· Proposal 2: Consider a UL pre-emption indication that includes rescheduling information for the pre-empted UCI.
[bookmark: _GoBack][image: ]
Figure 2. UL pre-emption indication with UCI rescheduling information

3 Conclusion
In this contribution, we studied the preemption of PUSCH with UCI and the following is proposed 
· Proposal 1: When a PUSCH is pre-empted, then the following UE behaviours can be considered:
· If at least one resource element mapping to either of UCI and DMRS in PUSCH is pre-empted, then drop all PUSCH. 
· If all of resource elements mapping to either of UCI and DMRS in PUSCH are not pre-empted, then the DMRS and UCI are not cancelled (i.e. transmitted).
· Proposal 2: Consider a UL pre-emption indication that includes rescheduling information for the pre-empted UCI.
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