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Introduction
In Rel-16 enhanced inter-UE cancellation, the main topics of discussion are (1) UE Uplink  Cancellation for eMBB UEs and, (2) enhanced uplink power control for URLLC UEs.  
In this contribution, we discuss the open issues related to unresolved items related to the UL cancellation mechanism. 
UE UL Cancellation Mechanism (Background)
In the UE UL cancellation mechanism, the gNB uses a Group Common-PDCCH to send an Uplink Cancellation Indication (UL CI) to the eMBB UE. On the eMBB UE detecting an UL cancelation indication, it stops transmitting its current transmission to enable the URLLC UE transmit information to the gNB with no interference. The eMBB UE does not have the option of resuming its transmission when the interrupting signal in completed, except for specific signals such as the SRS. This is illustrated for an FDD system in Figure 1. 
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[bookmark: _Ref32013863]Figure 1: UL Cancellation for FDD


UL CI GC-PDCCH Monitoring

In this section, we address monitoring for the UL CI by the eMBB UE. The following agreements have been made with the outstanding issues highlighted [1]:


	RAN1 #100-e
Agreements:
· The maximum UL CI monitoring periodicity is 10 slots.
· Up to X BDs can be configured per UL CI monitoring occasion, X to be decided between X=1 or X=2 in RAN1#100bis.
No RAN1 spec impact - RRC parameter update only.



 
We propose that we set X = 2.  

Proposal #1: Up to X BDs can be configured per UL CI monitoring occasion where X = 2.

Re-scheduling of UE after UL Cancellation
When a UE transmission is cancelled, another UE (e.g. a URLLC UE) may be scheduled in the cancelled resource. The length of the URLLC transmission may be such that there is some non-overlapped cancelled resource left that the eMBB UE may be scheduled in. This is illustrated below in Figure 2. 

One unresolved issue is whether another UL transmission can be scheduled in the non-overlapped cancelled resource. Although this is technically feasible, in a parallel agenda item in Rel-16 eURLLC (intra-UE prioritization/multiplexing), it has been agreed that if it a low priority transmission is dropped, the UE does not resume its transmission. Ideally, the behavior should be consistent for both intra-UE prioritization and inter-UE cancellation. As such, no new transmission should be scheduled. Note that if both intra-UE prioritization and inter-UE prioritization are enabled, the behavior may be different. This issue is discussed in Section 5.
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[bookmark: _Ref37290982]Figure 2: eMBB Transmission illustrating resource used by URLLC UE and non-overlapped cancelled resource


Proposal #2: At least when the intra-UE priority indicator is not configured and a scheduled UL transmission from a UE is cancelled by UL CI, the UE is not expected to be scheduled to transmit in the cancelled symbols that do not overlap with the resource indicated by UL CI.


The next issue has to do with a cancellation resulting in the eMBB UE having to switch transmit/receive directions in the non-overlapped cancelled resource. In Rel-15, symbols within a slot can be configured as downlink, uplink or flexible. The flexible symbols can be reconfigured to either uplink or downlink. It may be possible that a symbol in the non-overlapped cancelled resource may be changed from uplink to downlink and require that the eMBB UE perform a switch from transmit to receive even though it was supposed to be in transmit mode for the entire duration of the original transmission. In one example, a cell specific RRC configuration could indicate a symbol as flexible. A lower priority signal e.g. a CSI-RS may be configured on one of the flexible symbols, meaning that if the symbol is not explicitly configured or is configured as a downlink symbol, the gNB may transit the CSI-RS signal and the UE should take a measurement. In the case that this flexible symbol is in the non-overlapped cancelled resource, the UE behavior needs to be clarified. The two options are that the UE goes through with the measurement or the UE ignores it and assumes that all the symbols are uplink. This is illustrated in Figure 3.
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[bookmark: _Ref37407966]Figure 3: eMBB Transmission illustrating resource used by URLLC UE and non-overlapped cancelled resource without/with symbol direction change

When a scheduled UL transmission from a UE is cancelled by UL CI, the UE treats the symbols in the non-overlapped cancelled resource as uplink. This should be similar to the UE behavior for intra-UE prioritization/multiplexing for consistency.

Proposal #3: When a scheduled UL transmission from a UE is cancelled by UL CI, the UE treats the symbols in the non-overlapped cancelled resource as uplink.

Issues related to the interaction between intra-UE UL prioritization /multiplexing and inter-UE UL cancellation
In Rel-16 eURLLC, UL channels may be assigned priorities for a specific UE with 2-level priority assigned to various channels. This priority is assigned based on the relative importance of a channel to a specific UE. However, in Rel-16 eURLLC, the UE may receive an UL CI and have to cancel the channel. The question arises whether only low priority channels may be cancelled, or channels of any priority may be cancelled. In the current discussion in RAN1 #100-e, two options are under discussion as shown below:

· Option 1: For a given UE, UL CI is only applicable to the UL transmissions indicated/configured as low priority level 
· Option 2: For a given UE, UL CI is applicable to UL transmission irrespective of its priority level.

A third option was proposed to allow RRC configuration between the two options. 

As discussed in RAN1 #100-e, the priority concept in Rel-16 is based on intra-UE priority with relative prioritization defined within a UE and not across UEs. There may be scenarios where a high priority transmission in UE1 may need to be cancelled by an even higher priority transmission in UE2. Such use cases will be precluded by option 1 and there may be cases where cancellation of a low priority channel only may be what is needed. As such, we support the option of allowing an RRC configuration between the two options. 
 
Proposal #4: RRC configuration between option 1 and option 2 where:
· Option 1: For a given UE, UL CI is only applicable to the UL transmissions indicated/configured as low priority level 
· Option 2: For a given UE, UL CI is applicable to UL transmission irrespective of its priority level.

The second issue addresses UE behavior in case a UE supports both inter-UE cancellation and intra-UE prioritization and simultaneously  has to cancel its current transmission for another UE and stop its transmission to transmit a new frame for itself. Currently the UE behavior in this case is not specified. 

UL cancellation just requires a halt in the processing and transmission of the current data stream, while UL prioritization in addition to halting the current transmission, requires processing of the new transmission. As such there is a timeline impact from intra-UE prioritization that does not exist for the UL CI. As such, we would want to perform intra-UE prioritization first.

Proposal #5: Handling of intra-UE prioritization/multiplexing for overlapping UL transmissions is performed first and handling of inter-UE cancellation for UL transmission overlapping with resources by UL CI is performed second.

Conclusion
In this contribution, we discussed the remaining issues for Rel-16 enhanced inter UE transmit prioritization/multiplexing. Based on the discussion, the following proposals have been made:
 
Proposal #1: Up to X BDs can be configured per UL CI monitoring occasion where X = 2

Proposal #2: At least when the intra-UE priority indicator is not configured and a scheduled UL transmission from a UE is cancelled by UL CI, the UE is not expected to be scheduled to transmit in the cancelled symbols that do not overlap with the resource indicated by UL CI.

Proposal #3: When a scheduled UL transmission from a UE is cancelled by UL CI, the UE treats the symbols in the non-overlapped cancelled resource as uplink.

Proposal #4: RRC configuration between option 1 and option 2 where:
· Option 1: For a given UE, UL CI is only applicable to the UL transmissions indicated/configured as low priority level 
· Option 2: For a given UE, UL CI is applicable to UL transmission irrespective of its priority level.

Proposal #5: Handling of intra-UE prioritization/multiplexing for overlapping UL transmissions is performed first and handling of inter-UE cancellation for UL transmission overlapping with resources by UL CI is performed second.
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