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Introduction
In RAN #83 meeting, a new work item on physical layer enhancements for NR URLLC is approved [1]. One of the objectives of this work item is to enhance PUSCH transmission for URLLC as follows:
· 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)  

During the RAN1 #96bis- #98bis meetings, a set of agreements were made on UL cancellation indication. In this contribution, we provide some design details for the remining issues on UL cancellation indication design. 
 
Cancellation Indication for Uplink Multiplexing 
Uplink Cancellation Indication Signalling 
First, we share our view on the following FFS aspects identified in #RAN1 98bis meeting:
Agreements:
· Different UE processing time capability for UL CI (i.e. shorter or longer than T_proc2 for cap#2 UE) is not considered in Rel-16
· d2,1=0 also when DMRS and UL-SCH (for the PUSCH to be cancelled) are multiplexed in the 1st symbol
· 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
· The duration of the reference time region is configured by RRC
· FFS Possible values (e.g. 2OS, 4OS, 7OS, 14OS, 28OS?)
· FFS DL symbols are excluded from the reference time region
Regarding the value of X to determine the reference time-domain region, we do not see a strong motivation to make it configurable. Since for the purpose of inter-UE prioritization, the eMBB UE needs to cancel the UL transmission as soon as possible, it is not very reasonable to configure a larger time domain offset than the UE’s processing time. 

Proposal 1: The reference time region starts from X symbols after the ending symbol of the PDCCH CORESET carrying the UL CI, where X is equal to the minimum processing time for UL cancelation.
For DLPI, the minimum monitoring periodicity is one slot, and the DLPI will indicate resources equal to the DLPI monitoring periodicity, and the time-domain resources indicated by different DLPIs will not overlap with each other. However, for UL cancellation indication, it is not obvious whether different UL cancellation indications should always indicate non-overlapping time-domain resources or not. Thus, the pros and cons of the following two options need to be studied:
Option 1: Different UL cancellation indications indicate non-overlapping time-domain resources (as in DLPI)
Option 2: Different UL cancellation indications can indicate overlapping time-domain resources (as in SFI)
The main advantage of Option 1 is its simplicity. In this option, each UL cancellation indication will cover a number of symbols that is equal to the monitoring periodicity of the UL cancellation indication as in DLPI. Furthermore, the content of the UL cancellation indication can follow the same approach as in DLPI (i.e., a bit map is defined for each period). On the other hand, Option 1 also has several downsides. Firstly, it may require the base station to send UL cancellation more frequently, since the effect range in the time domain of each UL cancellation is small. Thus, the signaling overhead of UL cancellation is higher in this option. Secondly, it may not be easy to guarantee that the monitoring of UL cancellation indication is exactly periodic. For example, imagine that the URLLC scheduling granularity is every 4 symbols, which is not dividable by 14. This means that the number of symbols covered by each UL cancellation indication may not be the same. Furthermore, since the UL cancellation indication will apply to a time-domain region that is offset from the CORESET that the UE receives the UL cancellation indication, we may need to align the offset to that of the gap between the PDCCH monitoring spans within a slot. This will incur additional latency for the UE to apply UL cancellation. 
Compared with Option 1, Option 2 will effectively solve above mentioned problems. Namely, allowing the UL cancellation indication to cover overlapping time-domain resources could reduce the UL cancellation indication overhead since each UL cancellation could cover time-domain resources that correspond to multiple UL cancellation indication monitoring occasions. Furthermore, the duration of time-domain resources covered by each U cancellation indication can be set to any fixed number larger than the (maximum) gap between two neighboring UL cancellation indication occasions. 
In order to support Option 2, the spec needs to define certain rules to handle potential “collisions” between the time-domain resources indicated by two UL cancellation indications. For example consider the example shown in Figure 1. In this example, the monitoring periodicity of the UL cancellation indication is 7 symbols, and each UL cancellation indication covers a time-domain resource of 1 slot. One possible case is that, when the gNB sends UL cancellation indication in the monitoring occasion 0, there is no uplink URLLC traffic on the first half of slot 1. However, at the time when gNB sends UL cancellation in the monitoring occasion 1,  there are new URLLC uplink transmissions scheduled in the same resource, which needs to cancel some eMBB PUSCH transmission. In this case, it is beneficial to allow the gNB override a non-cancellation decision sent in the previous UL cancellation indication.  On the other hand, there seems to be no use case to let the gNB overwrite a cancellation decision sent in the precious UL cancellation indication. 

[image: ]                                   [image: ]
[bookmark: _Ref7691761](a)                                                                       (b) 
Figure 1: UL cancellation indication covering overlapping time-domain resources
Based on the discussions above, we make the following proposal. 
Proposal 2: Different UL cancellation indication may indicate overlapping time-domain resources for the same UE on the same cell. 
· Later UL cancellation indication could cancel uplink transmissions on the overlapping resources which are not cancelled by the earlier cancellation indication.  
It is agreed in RAN1#98bis that the duration of the reference time-domain region can be RRC configured. The possible values of the duration are 2OS, 4OS, 7OS, 14OS, 28 OS, etc. From operational perspective, it may not be efficient to make the time-domain duration of the ULCI to be too short. For example, if each ULCI only covers 2 OS, then UE needs to monitor ULCI in every ULCI monitoring occasion with periodicity equal to 2 OS.  On the other hand, if the ULCI monitoring periodicity is equal to 2 OS, but each ULCI covers more reference time region than 2 OS, then UE may potentially skip some ULCI monitoring occasions.    
Proposal 3: For the duration of the reference time region for ULCI, 2OS and 4OS are not supported. Furthermore, the duration should not be smaller than the ULCI monitoring periodicity. 
Another issue for the reference time-domain region of ULCI is whether DL symbols should be excluded from the reference region. In our view, it is reasonable to exclude the semi-statically configured DL symbols from the ULCI time-domain reference region, since there is no UL transmissions scheduled on these semi-static DL symbols. Based on this, we propose:
Proposal 4: For the reference time region where a detected ULCI ia applicable, symbols indicated as DL by TDD-UL-DL-configurationCommon are excluded from the reference time-domain.  
PDCCH Monitoring Capability for Uplink Cancellation Indication 
For ULCI PDCCH monitoring, the following agreement was reached during RAN1 #98bis.
 Agreements:
· Regarding UL CI monitoring, support the following:
· A new RNTI (e.g. CI-RNTI) is used for UL CI
· FFS: Monitoring periodicity larger than [5] slot is not supported for UL CI
· The aggregation level(s) and the number of PDCCH candidates configured by RRC 
· FFS possible restrictions, e.g., the ones associated with SFI
· The DCI payload size for UL CI  is configured by RRC
· FFS possible values
As we discussed in the preceding section, the requirements for uplink cancellation indication PDCCH decoding should be kept low in order for the eMBB UEs to meet the more stringent Cap 2  processing timeline. To this end, configuring one PDCCH candidate per monitoring occasion seems enough.  
[bookmark: _Hlk510792495][bookmark: _Hlk525922392]Proposal 5: To speed up the UL CI PDCCH decoding, configuring one PDCCH candidate per monitoring occasion is enough. 
In addition to the number of monitoring occasions, and the number of PDCCH candidates per occasion, it is agreed during RAN1 #98 meeting that, the UE DCI size budget is not increased by UL CI monitoring. To achieve this design target, it is beneficial to align the DCI size for UL cancellation indication to some existing DCI formats. 
Proposal 6: The size of the DCI for UL cancellation indication signalling should be aligned to existing DCI formats. 
As we discussed in preceding sections, the UL cancellation indication should be monitored by the eMBB UE frequently in order to meet the URLLC latency requirement of other UEs. However, in order not to increase the UE power consumption significantly, it is important to let the UE “skip” UL CI decodings in some occasions. For example, for a given ULCI monitoring occasion,  when the UE makes the decision to monitor ULCI or not, it knows in advance the uplink resources (i.e., time-domain resoruces) covered by ULCI. If there is no uplink transmissions scheduled/configured on these resources, UE may skip the monitoring of ULCI in this occasion. As shown in Figure 2, the UE does not have any uplink transmissions scheduled on the set of resources covered by the ULCI, and hence the UE is not expected to decode ULCI in this occasion. 
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[bookmark: _Ref21333216]Figure 2: Resources covered by ULCI; if there is no uplink transmission scheduled on the set of resources, then UE does not monitor this ULCI
Based on the above discussion, we have the following proposal: 
Proposal 7: A UE configured for monitoring UL CI does not need to attempt UL CI PDCCH decoding in monitoring occasions impacting the uplink symbols for which the UE has no uplink transmission. 
From the UE’s perspective, the requirements for monitoring the UL cancellation indication channel is not necessarily the same as those for monitoring the scheduling DCIs. As an example, a UE might only be capable of Case-1 PDCCH monitoring for its own scheduling DCIs, but may be able to monitor ULCI more than once per slot. For these type of UEs, a separate monitoring capability is needed. On the other hand, if the UE supports FG 3-5b for PDCCH monitoring, there is no need to define additional capability for ULCI PDCCH monitoring. Based on the discussion above, we propose the following.  
Proposal 8: For ULCI monitoring capability reporting, introduce a new PDCCH monitoring capability (e.g., FG X) in which the UE monitors ULCI similar to 3-5b and monitors other UE-specific or common DCIs according to 3-1. 
· The limitations on combined monitoring budget of 3-1 and FG X can be similar as 3-1 and 3-5b. 
· The capability of ULCI is separate from the capability of 3-5b. If the UE reports 3-5b PDCCH monitoring capability and ULCI capability, then the ULCI monitoring should follow the behaviour of 3-5b. In this case, UE should not report FG X.

Impact of UL cancellation  
Once a UE detects an UL cancellation indication DCI, it suspends its transmission on the indicated symbols. One question to answer is whether the UE should resume its transmission after the last pre-empted symbol or not. Two schemes were discussed: stop without resuming and stop without resuming. We next discuss some details to support these two options.  
For the stop-without-resuming solution, the UE drops all symbols from the first indicated one until the end of the PUSCH transmission. Although simple, this approach comes with the following caveat: dropping symbols on one serving cell can potentially introduce phase discontinuity on the PUSCHs scheduled on the other serving cells. For example, this could happen in the case of intra-band CA, where different intra-band CCs will likely use the same power amplifier. As a result, pre-empting a set of symbols on one serving cell calls for re-transmission of a larger number of PUSCHs. In this case, transmission on the inter-band CCs may not be affected. 
Proposal 9: For supporting stop without resuming, the UE may drop the remaining symbols on the target serving cell and all the intra-band CCs. Transmissions on the inter-band CCs are not impacted. 
Another issue related to ULCI is whether the gNB can schedule another PUSCH in non-preempted resources corresponding to the ULCI. For this issue, we would like to clarify that, the “non-prempted resources” are resources that were originally scheduled for a PUSCH transmission from the UE, and is dropped due to stop without resume. For other resources that are covered by the ULCI, but has no previous uplink transmission scheduled for the UE, there is no reason to restrict the gNB from scheduling another uplink transmission on such resources for the UE. 
In case a UE’s uplink transmission (e.g., PUSCH) is partially stopped without resume, a UE may not terminate the baseband processing immediately. As such, scheduling another PUSCH on the “non pre-empted resources” may impact the UE tx processing. However, if the other PUSCH is of a higher priority than the pre-empted PUSCH, then the UE can process the higher priority PUSCH. In this case, it may be beneficial to allow the UE to receive the higher priority PUSCH on the non pre-empted resources. Based on the discussion above, we make the following proposal. 
Proposal 10: For supporting stop without resuming, UE does not expect the gNB to schedule another PUSCH of the same priority as the cancelled PUSCH on the non-preempted resources. gNB may schedule another PUSCH of higher priority than the cancelled PUSCH on the non-preempted resources.
· Note: non-preempted resources are resources that were originally scheduled for a PUSCH transmission from the UE, are not pre-empted by ULCI, and are dropped due to stop without resume. 

Impact of UL cancellation on CBG-Based Re-Transmission
The UL processing interruption due to intra-UE or inter-UE prioritization may have an impact on the minimum processing timeline of CBG based retransmissions.  When the initial transmission of a low priority PUSCH is interrupted by the presence of the a high priority channel, the UE will stop the processing of the low priority PUSCH. The TB CRC is calculated sequentially, i.e., one code-block is taken from the buffer and the state of the TB CRC encoder is updated. The UE then works on the given code-block before it takes another one from the buffer. 
When the UE has to stop the processing, it will not be able to calculate the TB CRC. Hence, if the CBG-level re-transmission is configured, and only a set of CBGs are requested for re-transmission, e.g., including the last CBG that has the last CB (note that TB CRC is part of the last CB), the UE processing timeline is stressed. 
As an example, assume that each CBG is one CB. After processing the first two CBs, the processing was interrupted. Now, for re-transmission, the gNB only requests the last CB. Hence, to calculate the TB CRC, the UE has to work on all the unprocessed CBs until it can obtain the TB CRC. The impact on the timeline is shown in the figure below.


Figure 3: An illustration of the timeline impact due to CBG-level re-transmission for an interrupted PUSCH.

To addess this issue, one simple approach could be to set TB CRC to all zeros when (1) CBG-based reTx for uplink is configured, (2) The initial transmission of a TB is interrupted, and (3) there are more than one CBs in the TB. Since each CB has its own CRC bits (24 bits), we only make a false alarm on the TB if there is a false alarm in at least one of the CB CRCs. It is not difficult to see that the probability of such an event is at most , which is the even where all errors happen in the same CB, and the CB CRC errornously checks. Such a probability is negligible even for the reliability required for URLLC.  Based on the analysis above, we make the following proposal. 
Proposal 11: Allow the UE to set the TB CRC to all zeros when (1) uplink CBG-based reTx is configured, (2) the initial transmission of a TB was interrupted and (3) TB comprises more than one CB.
[bookmark: _Hlk525922383]Conclusions
In this contribution paper, we discussed some important aspects of the UL cancellation indication design for NR Rel. 16 in details, and the following points are made. 
Proposal 1: The reference time region starts from X symbols after the ending symbol of the PDCCH CORESET carrying the UL CI, where X is equal to the minimum processing time for UL cancelation.
Proposal 2: Different UL cancellation indication may indicate overlapping time-domain resources for the same UE on the same cell. 
· Later UL cancellation indication could cancel uplink transmissions on the overlapping resources which are not cancelled by the earlier cancellation indication.  
Proposal 3: For the duration of the reference time region for ULCI, 2OS and 4OS are not supported. Furthermore, the duration should not be smaller than the ULCI monitoring periodicity. 
Proposal 4: For the reference time region where a detected ULCI ia applicable, symbols indicated as DL by TDD-UL-DL-configurationCommon are excluded from the reference time-domain.  
Proposal 5: To speed up the UL CI PDCCH decoding, configuring one PDCCH candidate per monitoring occasion is enough. 
Proposal 6: The size of the DCI for UL cancellation indication signalling should be aligned to existing DCI formats. 
Proposal 7: A UE configured for monitoring UL CI does not need to attempt UL CI PDCCH decoding in monitoring occasions impacting the uplink symbols for which the UE has no uplink transmission. 
Proposal 8: For ULCI monitoring capability reporting, introduce a new PDCCH monitoring capability (e.g., FG X) in which the UE monitors ULCI similar to 3-5b and monitors other UE-specific or common DCIs according to 3-1. 
· The limitations on combined monitoring budget of 3-1 and FG X can be similar as 3-1 and 3-5b. 
· The capability of ULCI is separate from the capability of 3-5b. If the UE reports 3-5b PDCCH monitoring capability and ULCI capability, then the ULCI monitoring should follow the behaviour of 3-5b. In this case, UE should not report FG X.

Proposal 9: For supporting stop without resuming, the UE may drop the remaining symbols on the target serving cell and all the intra-band CCs. Transmissions on the inter-band CCs are not impacted. 
Proposal 10: For supporting stop without resuming, UE does not expect the gNB to schedule another PUSCH of the same priority as the cancelled PUSCH on the non-preempted resources. gNB may schedule another PUSCH of higher priority than the cancelled PUSCH on the non-preempted resources.
· Note: non-preempted resources are resources that were originally scheduled for a PUSCH transmission from the UE, are not pre-empted by ULCI, and are dropped due to stop without resume. 

Proposal 11: Allow the UE to set the TB CRC to all zeros when (1) uplink CBG-based reTx is configured, (2) the initial transmission of a TB was interrupted and (3) TB comprises more than one CB.
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