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Introduction
In Rel-16 enhanced inter UE transmit prioritization/multiplexing, the main topics of discussion are (1) UE Uplink  Cancellation for eMBB UEs and, (2) enhanced uplink power control for URLLC UEs.  The agreements that have been made on this agenda item for both the SI and WI up to and including RAN1 #99 are summarized in [1] and [2].
In this contribution, we discuss the open issues related to unresolved items related to the UL cancellation mechanism. 
UE UL Cancellation Mechanism
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. 
[image: ]
[bookmark: _Ref32013863]Figure 1: UL Cancellation for FDD


The Start of the Reference Time Region
The first set of unresolved issues address the start of the reference time region. The following agreements have been made with the outstanding issue highlighted:

	RAN1 #98
Agreement
· The reference time region where a detected UL CI is applicable is determined by the following:
· The reference time region starts from X symbols after the ending symbol of the PDCCH CORESET carrying the UL CI, where X is at least equal to the minimum processing time for UL cancelation
· FFS X can be configured to be larger than the minimum processing time for UL cancelation



 
When an eMBB UE receives an UL CI, it needs to cancel its transmission as soon as possible to enable the URLLC UE transmit without interference. This requires a minimum processing time to enable the eMBB UE, the gNB and the URLLC UE know when the channel will be interference free. The minimum processing time to decode the UL CI will depend on the UE processing time capability for the carrier, (i.e. t_proc2 set to either UE capability 1 or UE capability). 

Additional time may be needed by the UE to reset its hardware and cancel the transmission. This may be based on the capability of the UE and may require additional OFDM symbols e.g. {d}. As such, similar to the case for UL cancellation in UCI multiplexing, the UE  can be expected to cancel the eMBB UL transmission starting from {UE_capability +d} after the end of the last symbol of the GC-PDCCH carrying the UL CI. d is a time duration of x symbols where x is FFS and d is a reported UE capability. The concept is illustrated in Figure 2.


[image: ]
[bookmark: _Ref32013923]Figure 2: Minimum Cancellation Processing Time
The start of the reference time region X symbols after the ending symbol of the PDCCH CORESET carrying the UL CI can be configured to be larger than the minimum processing time for UL cancelation. This is especially important in the case where there may be multiple UEs with different processing times addressed by the same GC-PDCCH.  The values of X may be up to gNB implementation. As an example, X may be configured  to be  equal to the smallest of the minimum processing time for UL cancelation of all the target eMBB UEs that may be cancelled UE (see Figure 3)  or may be configured to at least the largest of the minimum processing times of all the target eMBB UEs that may be cancelled (see Figure 4). In all cases, a UE is not required to cancel a transmission earlier than the minimum processing time for that specific UE. Note that in the first scenario, it may be necessary for the UE to account for the symbol difference between X and the minimum processing time when identifying the UL CI resource to ensure that there is a common reference region for all UEs. 
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[bookmark: _Ref32292421]Figure 3: X set to the smallest of the  UE minimum processing times
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[bookmark: _Ref32013963]Figure 4: X set to the largest of the UE minimum processing times


 
Proposal 1: the UE  can be expected to cancel the eMBB UL transmission starting from {UE_capability + d} after the end of the last symbol of the GC-PDCCH carrying the UL CI. d is a time duration of x symbols ( x is FFS) and d is a reported UE capability.

Proposal 2: The start of the reference time region X symbols after the ending symbol of the PDCCH CORESET carrying the UL CI can be configured to be equal to or larger than the minimum processing time for UL cancelation. A UE is not required to cancel a transmission earlier than the minimum processing time for that specific UE.
UL CI GC-PDCCH Monitoring

The second set of issues address monitoring for the UL CI by the eMBB UE. The following agreements have been made with the outstanding issues highlighted:


	RAN1 #98
Agreements:
· There is no enhancement to PDCCH monitoring capability (number of BD and non-overlapping CCEs) specifically for UL CI monitoring purpose

RAN1 #99

Agreements:
· Up to X BDs can be configured for UL CI
· FFS per UL CI monitoring occasion or per span
· The value of X is to be concluded during this week
· Note: UE is not expected to be configured with search space configuration for UL CI with AL and number of candidates exceeding X BDs



 
For inter-UE uplink Cancellation, it is necessary for the UE to monitor a search space for a GC-PDCCH. Each UL CI monitoring occasion may be defined only when an active PUSCH with low priority is transmitted. This is illustrated in Figure 4.
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[bookmark: _Ref32014028]Figure 5: Inter UE Tx Cancellation for eMBB UE

However, for intra-UE traffic prioritization, it is necessary for the UE to continue PDCCH monitoring of its search space even after being scheduled to be able to identify the arrival of a PDCCH scheduling a higher priority traffic.  This is illustrated in Figure 5. 
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[bookmark: _Ref32014101]Figure 6: Intra-UE PUSCH prioritization for UE transmitting eMBB and URLLC traffic

For a Rel-16  eMBB UE, it is possible that it supports both intra-UE prioritization between  its own eMBB traffic and URLLC traffic as well as inter-UE cancellation of its eMBB traffic for another UE’s URLLC traffic. In this case, it has to monitor both the UESS (for the scheduling PDCCH) and the CSS (for the UL CI) without exceeding either Rel-15 or Rel-16 PDCCH monitoring limits. 

[image: ]
Figure 7: Combined PDCCH monitoring for Inter-UE cancellation and Intra-UE prioritization.

In this case, the BD and CCE limits should be based on the type of PDCCH monitoring configured. Defining the  UL CI parameters per UL CI monitoring occasion would require additional conditions to ensure that the baseline PDCCH monitoring limits for Rel-15 (per slot) and Rel-16 (per span) are not violated. As such, for a UE that indicates Rel-15  PDCCH monitoring capability, the UL CI PDCCH monitoring limits should be defined per slot while for a UE that indicates Rel-16 PDCCH monitoring capability, the UL CI monitoring limits should be defined per span.


[bookmark: _GoBack]Proposal 3: For a UE that indicates Rel-15  PDCCH monitoring capability, the UL CI monitoring limits are defined per slot. For a UE that indicates Rel-16 PDCCH monitoring capability, the UL CI monitoring limits are defined per span. 

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: the UE  can be expected to cancel the eMBB UL transmission starting from {UE_capability + d} after the end of the last symbol of the GC-PDCCH carrying the UL CI. d is a time duration of x symbols ( x is FFS) and d is a reported UE capability.

Proposal 2: The start of the reference time region X symbols after the ending symbol of the PDCCH CORESET carrying the UL CI can be configured to be larger than the minimum processing time for UL cancelation. A UE is not required to cancel a transmission earlier than the minimum processing time for that specific UE.

Proposal 3: For a UE that indicates Rel-15  PDCCH monitoring capability, the UL CI monitoring limits are defined per slot. For a UE that indicates Rel-16 PDCCH monitoring capability, the UL CI monitoring limits are defined per span. 
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