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Dynamic multiplexing between eMBB and URLLC traffic in the DL was specified in Rel-15. However, how to multiplex UL traffic from UE and/or system perspective is to be specified in this release according to the following objective from the URLLC WID (RP-190726):
· Specification of enhanced inter UE Tx prioritization/multiplexing [RAN1]
· UL cancelation scheme (see section 7.2.1 in TR 38.824) 
· Enhanced UL power control scheme (see section 7.2.2 in TR 38.824)

In this contribution, we discuss the following aspects of inter-UE multiplexing: 
a) how to handle intra UE multiplexing (URLLC traffic for eMBB UE) during inter UE multiplexing period (where the eMBB UE is muted to allow URLLC transmissions of other UEs).
b) how to apply the inter UE multiplexing techniques for the case of PUSCH repetition (whether mini-slot based or multi-segment based)
This contribution is a revised version of R1-1904932.
Discussion
UL Cancellation
UL cancellation (pre-emption) of an eMBB PUSCH transmission has been agreed to be specified for inter UE multiplexing (e.g., eMBB traffic of UE1 and URLLC traffic of UE2). The scheme has advantage of ensuring latency (and reliability) of the URLLC traffic by timely muting the eMBB traffic of another UE. The scheme can also be advantageous to eMBB UEs by letting them be scheduled over a wide bandwidth (instead of semi-static bandwidth split between URLLC UEs and eMBB UEs) and only get muted if needed. However, there are costs and disadvantages associated with the scheme: (a) The UL cancellation indication (if explicitly indicated) needs to be monitored quite frequently (at least when the UE has unacknowledged UL eMBB transmission or configured wideband SRS transmission) to be helpful in ensuring latency of URLLC UEs (b) the UL cancellation indication should have a high reliability (c) UL cancellation indication can incur control overhead (d) there could be eMBB UEs in a cell that are not capable of performing UL cancellation operation, which could hurt the URLLC performance if the transmissions overlap. UL cancellation has been proposed with different flavors: for instance, completely cancelling eMBB PUSCH, resuming eMBB PUSCH after cancelling a part of PUSCH, pausing eMBB PUSCH for a period or rescheduling eMBB PUSCH.
UL transmissions cancelable by UL cancellation
In RAN1#96b, the following was agreed:
Agreements:
· Further discuss which UL transmissions that can potentially be cancelled by the UL cancelation indication, including
· Dynamic scheduled UL transmissions, including PUSCH, PUCCH, SRS
· Semi-persistent UL transmissions, including PUSCH, PUCCH, SRS
· Periodic UL transmissions, including configured grant PUSCH, PUCCH, SRS
· PRACH
In our view all of the above UL signals can be cancelled by UL cancellation, although we prefer to leave PRACH as FFS.
Proposal 1: PUSCH/PUCCH/SRS can be cancelled by UL cancellation. FFS PRACH
Group common vs. UE-specific UL cancellation
In RAN1#96b, the following was agreed:
Agreements:
· Further discuss, aiming for down-selection, the group common DCI and UE-specific DCI for UL cancelation indication 
· For group common DCI (different from Rel-15 SFI)
· UE is configured to monitor a group common DCI which indicates the time/frequency region on which the UL cancellation indication applies
· For UE specific-DCI
· When applicable, UE is configured to monitor a second UL grant for the same TB as an earlier PUSCH indicating UL cancellation before the end of the earlier PUSCH transmission. In this case, the UE follows the UL cancellation indication.
We prefer to adopt an UL cancellation mechanism consistent with the DL counterpart specified in Rel-15 (i.e.,  interrupted transmission indication via group common signaling using DCI format 2_1). 
Proposal 2: Group common DCI (similar to Rel-15 DCI format 2_1) is used to indicate UL cancellation.
Whether/how to support stop with resume
In RAN1#96b, the following was agreed:
Agreements:
· Upon detecting an UL cancelation indication, at least stop without resuming is supported
· FFS whether and how to support stop with resume 
It would be good to be able to resume a PUSCH if only few symbols had to be cancelled. We suggest
 Proposal 3: For deciding on whether/how to resume, 
· Consider requesting RAN4 input on whether/conditions of resumption. 
· first decide on group-common vs. UE-specific UL cancellation, and then decide on whether to support resumption, since depending on the design, group common signaling may lead to cancelling more symbols.
URLLC transmission colliding with pre-empted period
Regarding the UL cancellation schemes, in our view, if any form of UL pre-emption (including rescheduling eMBB PUSCH) is used for an eMBB UE, it should be further studied how to address the case that the UE has URLLC UL transmission colliding with pre-empted period. Such URLLC traffic may be a configured grant PUSCH transmission, could be a PUCCH transmission in response to a URLLC PDSCH or could be a dynamically granted URLLC PUSCH (with the URLLC grant for the eMBB UE coming before or after the UL pre-emption indication).
One potential solution could be to consider the UL pre-emption indication as a dynamic UL grant, and apply intra-UE multiplexing solutions (which will be specified) e.g., between configured grant and dynamic grant or between two dynamic grants. However, such a solution may impact the performance of other URLLC UEs if the solution results in URLLC transmission of the eMBB UE in the eMBB pre-empted period. Another solution that is applicable to dynamically scheduled URLLC PDSCH/PUSCH, could be to prioritize the later DCI between UL pre-emption and UL grant or DL assignment for the URLLC traffic (of the eMBB UE). If UL pre-emption indicates/implies a set of frequency resources where the eMBB UE should mute its eMBB transmission (for example, if pre-emption means UE should not transmit in scheduled eMBB RBs, and can potentially transmit in other RBs outside the eMBB scheduled RBs), then another solution could be to allow URLLC UL transmission for the eMBB UE during the pre-empted period if the frequency resources of the UL URLLC transmission and those of the pre-emption indication do not collide.    
Proposal 4: If any form of UL pre-emption (including rescheduling eMBB PUSCH) is used for a UE, the work item should address the case that the UE has URLLC UL transmission colliding with pre-empted period.
Enhanced Power Control
An alternative scheme for inter UE multiplexing, is boosting transmission power of URLLC UEs (in case of overlapping eMBB transmission of other UEs). However, power boosting may not be applicable to power limited UEs or may lead to inter cell interference. 
To achieve a high reliability, URLLC PUSCH transmission may be repeated multiple times e.g., via mini-slot repetition or multi-segment transmission via a single UL grant. Depending on when an eMBB PUSCH of another UE, with overlapping resources with those of the URLLC UE starts, boosting the URLLC UE’s transmission power for all repetitions may not be a good idea. Noting that higher URLLC transmit power may lead to inter-cell interference for UEs in neighbor cells, in slots that URLLC and eMBB UEs do not overlap, there is no need for the URLLC UE to boost its transmission power. This problem can be pronounced more if the UE uses multiple carriers, and unnecessarily using transmission power on one carrier may lead to dropping of transmission on other carriers (those carriers may also have URLLC traffic not overlapping with any eMBB) due to insufficient remaining power.
One way of addressing the above issue is to apply the power boost only to the PUSCH repetitions of the first scheduled slot. If needed additional power boost commands can be sent for the PUSCH repetitions in slots other than the first scheduled slot. Another way is to indicate for which of the scheduled slots, the power boost is applicable.  
Proposal 5: If UL power boosting is used for an URLLC UE to help with inter UE multiplexing, the power boost may or may not be applicable to all of the URLLC PUSCH repetitions scheduled via a single UL grant.
Conclusion
In this contribution, we propose the following:
Proposal 1: PUSCH/PUCCH/SRS can be cancelled by UL cancellation. FFS PRACH
Proposal 2: Group common DCI (similar to Rel-15 DCI format 2_1) is used to indicate UL cancellation.
Proposal 3: For deciding on whether/how to resume, 
· get feedback from RAN4 on whether/conditions of resumption. 
· first decide on group-common vs. UE-specific UL cancellation, and then decide on whether to support resumption, since depending on the design, group common signaling may lead to cancelling more symbols.
Proposal 4: If any form of UL pre-emption (including rescheduling eMBB PUSCH) is used for a UE, the work item should address the case that the UE has URLLC UL transmission colliding with pre-empted period.
Proposal 5: If UL power boosting is used for an URLLC UE to help with inter UE multiplexing, the power boost may or may not be applicable to all of the URLLC PUSCH repetitions scheduled via a single UL grant.




