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1.
Introduction

During previous meeting, following conclusions had been made for inter-UE UL multiplexing of transmission with different reliability requirements [1].
Conclusion:

· There is no consensus in Rel-15 to support handling inter-UE UL multiplexing of transmission with different reliability requirements (including the potential need for UL UE pre-emption)
Although inter-UE case of multiplexing of transmission with different reliability requirements had been concluded without any consensus in Rel.15. For intra-UE case, as per chairman’s instruction, it can be re-discussed on UL scheduling section in this meeting. Intra-UE case could be less specification impacted and currently scheduling procedure can be catered for intra-UE multiplexing with different reliability requirements.      

In this contribution, continuation on offline discussions in previous meeting, we propose our views on intra-UE UL pre-emption options. Cases for grant-based and grant-free URLLC are considered respectively.  
2.
Issue Discussion 
For a UE configured with both eMBB and URLLC UL transmissions using part of overlapped time-slots between grant/configured grant URLLC UL and a grant-based eMBB UL, UE’s behaviour and procedure for handling multiplexing of eMBB and URLLC should be defined for different reliability requirements of eMBB and URLLC. 
2.1 Grant-Based URLLC Transmission 
For intra-UE case where eMBB and URLLC service occurs in parallel and both are dynamically scheduled by gNB, where eMBB UL is firstly scheduled with a UL grant and then the UE is scheduled with a URLLC UL by a later UL grant whose time-domain resource is conflicted with previous UL grant for eMBB. If the time gap between UL grant for eMBB PUSCH and scheduled PUSCH transmission (eMBB N2) is large enough such that gNB can insert UL grant for URLLC prior to actual PUSCH transmission, and the time gap between UL grant for URLLC PUSCH and URLLC PUSCH transmission (URLLC N2) is short enough, then URLLC UL is scheduled to be transmitted on the time/frequency resources that are already allocated to eMBB transmission if part of time-domain resource are overlapped. Since there is no indication on DCI grant regarding which traffic type of PUSCH belongs to, i.e., for URLLC or for eMBB, from layer 1 point of view, an implicit prioritization rule or a default criteria is necessary. The following rule can be considered:

· When confliction happens, previous assigned UL resource in PUSCH is overwritten by latest UL grant detected in PDCCH since gNB is fully aware of this situation and can take such collision into account.

· If the time difference between UE detects latest DCI and the start of previously scheduled PUSCH is larger than N2, then previously scheduled PUSCH resource are cancelled from the beginning.

· Handling of remaining non-overlapped time domain resource is FFS, i.e., could be completely dropped or resumed after dropping the overlapped part according to the UL pre-emption DCI if this DCI is available.
· If the time difference between UE detects latest DCI and the start of previously scheduled PUSCH is less than N2, or UE detects latest DCI during an ongoing PUSCH transmission, it can cancel previously scheduled PUSCH intermediately and is not expected to resume original transmission after dropping the overlapped part.
In case of non-overlapping in frequency domain and URLLC and eMBB using same numerology. In view of power sharing it is not expected that UE transmit both uplink data simultaneously over different frequency resource. UE behaviour of this case could be the same as that of overlapping on frequency domain.
Proposal 1:

· To handling time-domain collision of scheduling-based UL data of different reliability 

· UE follows the later received UL grant for UL transmission in PUSCH regardless traffic types.

· Earlier scheduled UL grant is cancelled from the beginning or midway is determined by UL processing time.

In case URLLC and eMBB using different of numerology, switching over different BWP is necessary since only one BWP is active at a given time in Rel. 15. Abrupt BWP switch even during an ongoing PUSCH transmission is necessary. Timing relationship of individual or cross BWP scheduling for UL pre-emption as well as UE behaviour should be further discussed in this case.

Proposal 2:

· BWP switching during an ongoing PUSCH transmission should be further discussed for collision handling.

For scheduled URLLC and eMBB, in order to indicate traffic type of different reliability, UE may select an SR configuration with respect to a specific traffic type for SR transmission. Since MAC layer procedure of logical channel prioritization for PUSCH cannot immediately reflect the urgent request of UL transmission, physical layer procedure for gNB to judge the necessity and performing pre-emption toward already scheduled PUSCH is necessary. From UE’s point of view, even though lately granted resource is overlapped with previous one, this contradiction should be neglected and just follow gNB’s latest instruction.
2.1 Grant-free URLLC Transmission
In case that URLLC UL traffic using grant-free resource and the transmission timing is over-lapped with previously assigned eMBB resource. Below are RAN2’s agreement of overwriting rule:

· The dynamic grant addressed to C-RNTI and CS-RNTI shall override the configured grant Type 1 or Type 2 for this transmission in case of overlap in time domain.

If URLLC is configured with grant-free transmission and eMBB is dynamically scheduled to overlap with grant-free resource, currently specified rule would hinder URLLC’s transmission. There are two alternatives to address this issue during offline discussion at previous meeting:

· Alt 1: UE transmits URLLC transmission over dynamic scheduled UL resource
· The dynamic scheduled UL resource should be applicable for URLLC UL transmission.
· Alt 2: UE transmits URLLC transmission over grant-free resources and cancel the UL transmission over dynamic scheduled UL resource, in case that dynamic scheduled UL resource is not suitable for URLLC traffic
· The grant-free resource for URLLC UL transmission has higher priority than the dynamic scheduled UL resource for eMBB UL transmission
In Alt 1, UE transmits URLLC transmission over dynamic scheduled UL resource if the size is applicable for URLLC UL transmission. Apart from the limitation of applicable data size for URLLC to substitute eMBB’s transmission in the grant resource. There could be ambiguities at gNB on which kind of data it actually received in the grant resource. Since gNB cannot forecast UL URLLC’s traffic arrival time in grant-free operation, either blind detection or some kind of indication in uplink channel is necessary for gNB to distinguish them. Another scheme to avoid such ambiguity is to restrict that only higher priority grant-based traffic is allowed to be scheduled overlapped with grant-free resource. Otherwise, gNB should always schedule it over non-grant-free resource albeit inefficient resource utilization. 

In Alt. 2. If collision happens UE transmits URLLC over grant-free resources and cancel the UL transmission over dynamic scheduled UL resource. This scheme however violate the RAN2 agreement of giving priority to grant-based operation. Therefore if it is adopted, either currently specified rule need to be reverted or additional notation regarding prioritized resource utilization need to be addressed upon this agreement. For example, we can restrict RAN2’s agreement to be applicable only when priority of grant-free transmission is equal or lower than grant-based transmission. If the grant-base resource and grant-free resource is not overlapped in the frequency domain, then PAPR is still the main concern for joint transmission of URLLC and eMBB traffic. If this alternative is selected, then another issue aroused is how to and when to let gNB know instead of receiving UL transmission based on previously scheduled UL resource but transferring to Type 1 or Type 2 grant-free receiving procedure. 
For Type 1 grant-free operation, gNB can always detect grant-free transmission first over preconfigured grant-free resource, if not available, gNB then detect grant-based resource from the beginning of the scheduled resource. For Type 2 grant-free transmission, the resource utilization is more efficient than Type1 and since most of the traffic type is periodic and predictable, gNB may refrain from scheduling grant-based over periodic Type 2 resource unless it has higher priority than the grant-free application. 
Based on previous analysis, we have the preference of alternative 2, but actual operation depends on the type of gran-free operation.        

Proposal 3:

In case of overlapping between dynamic scheduling eMBB transmission and grant-free URLLC transmission,

· If Type1 grant-free operation is applied, UE transmits higher priority transmission over grant-free resources and cancel the UL transmission over dynamic scheduled UL resource

· If Type 2 grant-free operation is applied, following RAN2’s agreement and gNB should refrain from scheduling grant-based over Type 2 resource unless it has higher priority.

3. Conclusion
In summary, regarding handling time-domain collision of scheduling-based UL data of different reliability and between dynamic scheduling eMBB transmission and grant-free URLLC transmission, we have the following proposals. 
Proposal 1:

· To handling time-domain collision of scheduling-based UL data of different reliability 

· UE follows the later received UL grant for UL transmission in PUSCH regardless traffic types.

· Earlier scheduled UL grant is cancelled from the beginning or midway is determined by UL processing time.

Proposal 2:

· BWP switching during an ongoing PUSCH transmission should be further discussed for collision handling.

Proposal 3:

In case of overlapping between dynamic scheduling eMBB transmission and grant-free URLLC transmission,

· If Type1 grant-free operation is applied, UE transmits higher priority transmission over grant-free resources and cancel the UL transmission over dynamic scheduled UL resource

· If Type 2 grant-free operation is applied, following RAN2’s agreement and gNB should refrain from scheduling grant-based over Type 2 resource unless it has higher priority.
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