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Discussion and decision
1 Introduction
In last RAN1 meeting, there was an agreement about UL multiplexing between eMBB and URLLC. 
	Agreements:
· Study the options to support dynamic resource sharing between eMBB UL and URLLC UL from different UEs (comparing with existing techniques)

· Option 1: eMBB UE cancels UL transmission when an indication is detected. Details to be discussed/clarified
· UE processing timeline for cancelation
· UE monitoring periodicity
· Group common or UE specific signalling (including the possibility to use eMBB scheduling DCI)
· reliability of indication
· Any impact due to timing advance
· Option 2: UL power control. URLLC UE transmits over the same resource with eMBB UE transmission. The transmission power for URLLC UL is boosted and/or transmission power for eMBB UL is reduced. Details need to be discussed/clarified
· Performance impact to eMBB/URLLC transmission

· How to signal the URLLC transmission power boosting
· How to signal the eMBB transmission power reduction after UL grant
· UE monitoring periodicity
· Processing timeline
· Feasibility of changing eMBB Tx power during the transmission 
· reliability of indication
· Any impact due to timing advance
· Other options including gNB receiver interference cancelation schemes are not precluded
· Aspects to be included in the study
· Processing timeline for grant-based procedure for URLLC in UL
· Applicability of the options to TDD and/or FDD can be studied
· Cases for GB-based & GF-based


In downlink, interruption indication was introduced in order to support dynamic resource sharing between eMBB and URLLC even though physical resources for eMBB PDSCH are mostly occupied in system downlink bandwidth at a certain time. Similar to downlink, UL multiplexing for eMBB and URLLC can be considered with a little different method. So, this contribution discusses feasibility and methods for dynamic resource sharing between eMBB and URLLC with followings: signalling method and power control.
2 UL cancellation indication

In this section, it is discussed on how to design UL cancellation indication. Regarding UL cancellation indication, a main motivation of introducing this concept is to mitigate UL interference for UEs who wants to transmit latency/reliability sensitive data such as URLLC packets. 

UE processing timeline for cancelation
In [1], it was described how to handle grant-free PUSCH when it receives SFI.

	If a UE is configured by higher layers a transmission of periodic SRS, or PUCCH, or PUSCH, or PRACH in a set of symbols of a slot and the UE detects a DCI format 2_0 indicating a subset of symbols from the set of symbols as downlink or flexible, then 

the UE is not expected to cancel the transmission in symbols from the subset of symbols that occur, relative to a last symbol of a control resource set where the UE detects the DCI format 2_0, after a number of symbols that is smaller than the PUSCH preparation time N2 for the corresponding PUSCH timing capability [6, TS 38.214];

the UE cancels the transmission in the remaining symbols of the slot.    


The specification means that UE may transmit higher layer configured PUSCH during PUSCH preparation time N2 relative to the instance of receiving SFI indicating higher layer configured PUSCH transmission cancellation. After PUSCH preparation time N2, UE shall cancel remaining higher layer configured PUSCH transmission. Similar to higher layers configured PUSCH, it can be applied in grant-based PUSCH. To sum up, PUSCH preparation time N2 can be considered as UE processing time for cancelation. Actually, since PUSCH preparation time N2 implicitly includes impact on timing advance, UE processing time for cancelation can also implicitly have timing advance values if UE processing time uses N2.
Observation 1: PUSCH preparation time N2 can be considered as UE processing time for cancelation.
UE monitoring periodicity
There is no limit on the minimum monitoring periodicity for PDCCH in current NR specification. It means that eMBB UE can monitor PDCCH every symbol in the environment that the maximum number of monitoring PDCCH candidates per slot is under a certain values depending on subcarrier spacings. The values are defined as the following table in [1].
Table 1. Maximum number of PDCCH candidates per slot and per serving cell as a function of the subcarrier spacing value 
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	Maximum number of PDCCH candidates per slot and per serving cell 
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Observation 2: eMBB UE can monitor PDCCH candidates every symbol under given maximum number of PDCCH candidates per slot.
UE-specific DCI

UE-specific DCI seems to be a good solution in view that one DCI can trigger both cancelling pre-scheduled PUSCH resource and reallocating PUSCH resource at the same time. So, it might be a resource-efficient way in case that very small number of UEs who have been already scheduled to transmit PUSCH should be cancelled. However, when larger number of UEs should be cancelled at some time, signalling overhead should be increased as gNB should indicate UE-specific DCI to each UE for cancelling pre-scheduled PUSCH resources. So, it may affect to increase blocking probability and then some UEs cannot receive this information, and it would incur UL interference if CORESET resource is not sufficient. If UE-specific DCI is allowed to use as a UL cancellation indication, a UE can expect to follow PUSCH resource which is recently indicated by UL DCI with a certain UL HARQ process number. 
Group common DCI 

Group common DCI can indicate UL cancellation information to a group of UEs which was already configured to monitor UL cancellation indication with a certain RNTI type. The approach would be efficient in case that a large number of UEs should be stopped or cancelled to transmit pre-scheduled PUSCH resources because latency sensitive UEs may require large frequency resource to satisfy reliability requirements or increase transmission range. However, after using group common type DCI to trigger UL PUSCH cancellation for a group of UEs, gNB needs another UE-specific DCI to reschedule PUSCH resource to UEs who receive PUSCH cancellation resources. 
If group common DCI is allowed to use as UL cancellation indication, there are two candidates to enable UL cancellation indication: SFI-related indication and UL version of DL preemption indication. Regarding SFI-related indication, link information (UL or DL or unknown) which is indicated by SFI indication will override UE-specific DCI which indicate UL grant. In this way, UL grant can be cancelled if UE receives SFI indication that indicates changing from UL granted some symbols to other directions (DL or unknown). Regarding UL version of DL preemption indication, it might be similar with a form of DL preemption indication. UL cancellation indication indicates a certain frequency and time region within reference UL resources. Herein, reference UL resources consists of time resource (e.g., a unit of slot or the same with monitoring period for UL cancellation indication) and frequency resources (e.g., PRB or PRB(s) or active UL bandwidth part). Also, UL cancellation indication informs UEs of which part should be cancelled with two types: the first type includes time resource information and the second type includes time and frequency resource information. As for UE behaviour, UE will understand to stop or cancel UL granted resource if at least a small portion of the resource is overlapped with the region indicated by UL cancellation indication. Also, UL cancellation indication can have 14 bits per BWP per carrier. 
Among above two candidates, it is more natural to follow SFI-related indication in order to cancel grant-based PUSCH transmission because current specification already defined UE behaviour about relationship between grant-free PUSCH/PUCCH/SRS/PRACH and SFI. If it accepts SFI-related indication, the following explanation can be captured with revised sentence which is marked as underline in Rel-15. 
	If a UE is scheduled by a transmission of PUSCH with grant in a set of symbols of a slot and the UE detects a DCI format 2_0 indicating a subset of symbols from the set of symbols as downlink or flexible, then 

the UE is not expected to cancel the transmission in symbols from the subset of symbols that occur, relative to a last symbol of a control resource set where the UE detects the DCI format 2_0, after a number of symbols that is smaller than the PUSCH preparation time N2 for the corresponding PUSCH timing capability [6, TS 38.214];

the UE cancels the transmission in the remaining symbols of the slot.


Proposal 1: Support a simple method to support multiplexing of UL transmission with different requirements such as stopping or dropping, not resuming. 
Proposal 2: Support UL cancellation indication in form of UE-specific DCI or Group common DCI to handle UL collision issues.
3 UL Power control
Main motivation of using UL power control scheme is to support both UL eMBB and UL URLLC transmissions at the same resource by allocating different UL transmission power level. For example, a certain signalling is to trigger power boosting for a transmission of URLLC PUSCH and power reduction for a transmission of eMBB PUSCH. However, it is quite unclear how to improve reliability for transmitting UL URLLC packet in transmitting UL eMBB packet in case of no residual power for boosting for URLLC UE or no less power reduction level for eMBB UE. 

Even though eMBB UE and URLLC UE transmit their packet with different transmission power level using the same UL resources, it cannot always ensure for gNB to differentiate two UL data with different reliability requirements. Moreover, when considering limited time budgets for finishing URLLC related items in Rel-15, the UL power control should be discussed in NOMA study item to have enough time to consider how to design for efficient UL multiplexing scheme. 

Proposal 3: It should preclude option 2 (UL power control) due to unclear gain and limited time budget.

4 Conclusions
This contribution has discussed on how to support Multiplexing of UL Transmissions with Different Reliability Requirements (e.g., eMBB and URLLC). Following observations and proposals are summarized in this contribution.
Observation 1: PUSCH preparation time N2 can be considered as UE processing time for cancelation.
Observation 2: eMBB UE can monitor PDCCH candidates every symbol under given maximum number of PDCCH candidates per slot.
Proposal 1: Support a simple method to support multiplexing of UL transmission with different requirements such as stopping or dropping, not resuming. 

Proposal 2: Support UL cancellation indication in form of UE-specific DCI or Group common DCI to handle UL collision issues.
Proposal 3: It should preclude option 2 (UL power control) due to unclear gain and limited time budget.
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