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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 meeting, the following agreements/working assumptions/conclusions were made.
Working assumption:
· PDCCH is used for UL cancelation indication 
· The Working assumption can be revisited if the DCI for cancelation indication only carry very small number of information bits, e.g. 1 bit. 
Agreements:
· Upon detecting an UL cancelation indication, at least stop without resuming is supported
· FFS whether and how to support stop with resume 
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
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.   
In this contribution, we provide some design details with the focus on the following open items:
· UL cancellation indication signaling  
· Monitoring capability for UL cancellation indication
· Processing time consideration for UL cancellation indication
· What uplink channels should the UL cancellation indication apply to?
· Resuming or dropping after cancellation  
· When should the UL cancellation indication be monitored?
Cancellation Indication for Uplink Multiplexing 
Uplink Cancellation Indication Signalling 
During the RAN 1 #96bis meeting, two approaches were discussed for the uplink cancellation indication signalling: (1) PDCCH based UL cancellation indication or (2) sequence-based UL cancellation indication. Furthermore, PDCCH based indication signalling was adopted as a working assumption. As we discussed in our previous contributions, the benefit of (1) over (2) is fourfold: First, PDCCH based UL cancellation indication does not require introducing a new channel; this is the case for sequence-based indication. Second, PDCCH based UL cancellation indication allows for more precise cancellation indication by conveying a larger payload size as compared to the sequence-based indication. Third, the PDSCH rate-matching can be done by following the Rel. 15 NR design without any additional specification effort if the PDCCH based UL cancellation indication is adopted, and (4) as will be discussed later in this section, PDCCH based indication gives a way for cross-carrier cancellation indication. 
Based on these discussions, we propose to confirm the working assumption of using PDCCH-based signalling as UL cancellation indication method.  
Proposal 1: Confirm the following working assumption made in RAN1#96bis:
· PDCCH is used for UL cancelation indication. 
For PDCCH-based uplink cancellation indication, there can be two options: group-common PDCCH signalling and UE-specific PDCCH signalling. To make a decision between the two options, it should first be highlighted that the UE should be able to decode and apply the uplink PI command as quickly as possible. Further, to the extent possible, a small number of resources should be used for this purpose. 
Considering the above-mentioned objectives, we make the following observations.
· The group-common PDCCH requires a smaller number of resources for indication as compared to UE-specific PDCCH. Furthermore, certain fields of the group-common PDCCH may be configured to a particular UE (i.e., to be UE-specific) if the gNB scheduler decides to do so.
· The UE-specific re-scheduling PDCCH requires the full control channel flexibility, e.g., in terms of the number of candidates, which makes it more challenging to decode. As an example, consider a UE that supports capability #1 PUSCH preparation timeline. If there are URLLC users that can support capability #2 PUSCH preparation timeline in the same cell, the first UE cannot decode the re-scheduling DCI and apply it at the right time. For this reason, the requirements for uplink cancellation indication PDCCH decoding should be kept low.  And group-common PDCCH is more suitable for this purpose. 
· To reduce the impact of UL cancellation indication to the eMBB PUSCH, CBG based retransmission can be very effective. gNB could decode the CBGs that are not impacted by the uplink cancellation indication, and only request retransmission of the undecoded CBGs. However, this very useful feature can not be exploited with rescheduling based UE-specific PDCCH signalling. Indeed, since the UE-specific rescheduling DCI is sent priori to the transmission of the CBGs, gNB can not determine which CBGs will be decoded correctly, and which CBGS will fail. 

Based on the above discussions, we make the following proposal. 
Proposal 2: Group-common DCI is used for indicating the uplink cancellation indication. 
The next question we want to address is that what time-domain resources should the UL cancellation indication indicates? 
In principle, we should reuse the DLPI methodology as much as possible. However, there are some differences between the nature of the UL cancellation indication and DLPI, which may impact their design. The main difference is that DLPI is signaled post preemption, whereas UL cancellation indication is signaled prior to the cancellation. This has several consequences.
First of all, some processing time is required for the eMBB UE to decode the UL cancellation indication prior to cancelling the uplink transmission. Because of this, it is not reasonable to let the UL cancellation indication point to symbols that falls into this processing time period, for which the UE can not act on. In other words, it is reasonable to define some offset between the reception of UL cancellation indication and the indicated time-domain resources, that allows the UE to process the UL cancellation indication. 
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Figure 1 : time-domain resources indicated by UL cancellation indication 

Proposal 3: The time-domain resources indicated in an UL cancellation indication for a given cell shall start a certain number of symbols after the CORESET in which the UL cancellation indication is received. 
Another consequence of UL cancellation indication being received prior to the cancellation is that the UE may need to monitor UL cancellation indication more frequently than the DLPI in order to meet the URLLC latency. This fact not only affects the PDCCH monitoring behavior of UL cancellation indication, which we will discuss in the next section, but also may impact the design of content of the UL cancellation.  Recall that, for DLPI, the minimum monitoring periodicity is one slot, and the DLPI will indicate resources that cover at least one slot, 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
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 lost of latency for the UE to apply UL cancellation. 
Compared with Option 1, Option 2 will effectively solve above mentioned problems with Option 1. 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 2. 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’re 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 over write 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. 
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Figure 2 : UL cancellation indication covering overlapping time-domain resources
Based on the discussions above, we make the following proposal. 
Proposal 4: 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.  

PDCCH Monitoring Capability for Uplink Cancellation Indication 
In the preceding section, we provide the design goals that enables the UE to act on the UL cancellation indication as quickly as possible. From, the network perspective, the gNB should be able to send the UL cancellation indication as often as needed. The frequency of sending the UL cancellation indication is dependent on the latency requirement of the URLLC application. Hence, it can be configurable. 
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 to support UL cancellation indication, a separate monitoring capability is needed. Furthermore, 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.  
Proposal 5: The number of monitoring occasions per slot for UL cancellation indication is configurable. Further, the monitoring capability for UL cancellation indication is independent of the monitoring capability for detecting other UE-specific or common DCIs.  
[bookmark: _Hlk510792495][bookmark: _Hlk525922392]Proposal 6: To speed up the UL cancellation indication 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 beneficial to align the DCI size for UL cancellation indication to some existing DCI formats, in order not to overload the UE’s processing burden. 
Proposal 7: The size of the DCI for UL cancellation indication signalling should be aligned to existing DCI formats, e.g., DCI format 2_1. 

Applicability of UL cancellation indication to uplink channels 
One question we need to answer for the design of UL cancellation indication is what uplink channels can be pre-empted by the UL cancellation indication? Obviously, a dynamically scheduled eMBB PUSCH transmission should be pre-empted by the UL cancellation indication. However, for other uplink channels, e.g., PUCCH, SRS,  PRACH, as well as configured PUSCH transmissions, the decision needs to be carefully made to strike a good tradeoff between 1) UE complexity for UL cancellation indication monitoring, 2) the performance benefit of UL cancellation indication to URLLC UEs, and 3) the performance degradation to eMBB UEs caused by uplink cancellation. In the following, we shall discuss these uplink channels one by one. 
For configured PUSCH transmissions (for eMBB users), RAN2 is  discussing how to signal the priority of configured PUSCH and how to map uplink data of different service types to different PUSCH transmissions. Since RAN2 decision may have impact on the configured grant PUSCH transmission, it is better to wait and revisit this problem when RAN 2 makes a clear decision. 
Proposal 8:  Whether UL cancellation indication applies to the configured grant PUSCH transmission or not shall be decided in RAN1 after RAN2 makes decisions on how to support uplink transmissions with different priorities on configured grant PUSCH.
For PUCCH transmission, it seems more beneficial to let the UE not cancel PUCCH transmissions for the following reasons. First of all, PUCCH will typically consume less resources than PUSCH transmission, and thus the benefit of PUCCH cancellation is small. Secondly, requesting UE to pre-empt PUCCH transmissions will require the UE to monitor UL cancellation indication more frequently (e.g., before the transmission of every PUCCH channel). Based on the discussion above, the cost of pre-empting PUCCH overweighs its benefit. 
Proposal 9:  The UL cancellation indication does not apply to PUCCH transmissions.
For SRS, we make the following observation: the interference caused by a colliding SRS transmission to the eURLLC uplink transmission (PUSCH or PUCCH) is different from the interference caused by a colliding PUSCH transmission with the same power and bandwidth. The difference comes from the fact that the transmitted sequence on SRS is known to the gNB receiver, and the transmitted signal on PUSCH is not known a priori. This means that, when an SRS transmission collide with an URLLC uplink transmission, gNB may be able to exploit the knowledge of the SRS sequence and to reduce/compress the interference it causes to the overlapping URLLC uplink transmission. As such, we need to study this performance before making decisions to cancel or not cancel the SRS transmission. 
Finally, let us consider the PRACH transmission from eMBB users. According to TS 38.300, there are several events that can trigger PRACH:
· Initial access from RRC_IDLE;
· RRC Connection Re-establishment procedure;
· DL or UL data arrival during RRC_CONNECTED when UL synchronisation status is "non-synchronised"
· UL data arrival during RRC_CONNECTED when there are no PUCCH resources for SR available;
· SR failure;
· Request by RRC upon synchronous reconfiguration (e.g. handover);
· Transition from RRC_INACTIVE;
· To establish time alignment at SCell addition;
· Request for Other SI (see subclause 7.3);
· Beam failure recovery.

Depending on how the PRACH is triggered, the UE may or may not be able to apply the UL cancellation indication. 
Proposal 9:  FFS whether the UL cancellation indication should be applied to SRS and PRACH transmissions.
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 cancellation indication decodings in some occasions. To achieve this, we have the following proposal: 
Proposal 10: A UE configured for monitoring UL cancellation indication does not need to attempt UL cancellation indication PDCCH decoding in monitoring occasions impacting the uplink symbols for which the UE has no uplink transmission. 
Finally, considering the importance of implementing URLLC on TDD bands, the UL cancellation indication can be sent on the FDD band if the UE is configured with FDD+TDD carrier aggregation. In such a case, the UE will only be configured to monitor for UL cancellation indication on the FDD band; the UL cancellation indication can then be applied to the FDD carriers or TDD carriers.
Proposal 11: The UL cancellation indication received on one serving cell can be applied to the same or a different serving cell. 
Resuming Versus Dropping 
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 12: For supporting stop without resuming, the UE should drop the remaining symbols on the target serving cell and all the intra-band CCs. Transmissions on the inter-band CCs are not impacted.
The stop-with-resuming solution is more suitable for UEs that can keep the phase continuity on the two sides of the pre-empted symbols. For these UEs, only the symbols indicated in UL cancellation indication needs to be dropped on the serving cell as well as on other intra-band CCs. The transmission can be continued on all CCs after the last pre-empted symbol. Furthermore, since the UE is able to keep phase coherence on the two sides of the cancelled symbols, there is no need to insert additional DMRS symbols on the second part. 
Proposal 13: NR Rel-16 supports stop with resuming for UEs that indicate such capability. 
· Only drop the pre-empted symbols on the target cell and all the intra-band CCs. The transmission can be continued after the last pre-empted symbol on all intra-band CCs. Transmissions on the inter-band CCs are not impacted.  
· The conditions and requirements for keeping the phase continuity in case some symbols are pre-empted are defined by RAN4.
[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: Confirm the following working assumption made in RAN1#96bis:
· PDCCH is used for UL cancelation indication. 
Proposal 2: Group-common DCI is used for indicating the uplink cancellation indication. 
Proposal 3: The time-domain resources indicated in an UL cancellation indication for a given cell shall start a certain number of symbols after the CORESET in which the UL cancellation indication is received. 
Proposal 4: 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 5: The number of monitoring occasions per slot for UL cancellation indication is configurable. Further, the monitoring capability for UL cancellation indication is independent of the monitoring capability for detecting other UE-specific or common DCIs.  
Proposal 6: To speed up the UL cancellation indication PDCCH decoding, configuring one PDCCH candidate per monitoring occasion is enough. 
Proposal 7: The size of the DCI for UL cancellation indication signalling should be aligned to existing DCI formats, e.g., DCI format 2_1. 
Proposal 8:  Whether UL cancellation indication applies to the configured grant PUSCH transmission or not shall be decided in RAN1 after RAN 2 makes decisions on how to support uplink transmissions with different priorities on configured grant PUSCH.
Proposal 9:  FFS whether the UL cancellation indication should be applied to SRS and PRACH transmissions.
Proposal 10: A UE configured for monitoring UL cancellation indication does not need to attempt UL cancellation indication PDCCH decoding in monitoring occasions impacting the uplink symbols for which the UE has no uplink transmission. 
Proposal 11: The UL cancellation indication received on one serving cell can be applied to the same or a different serving cell. 
Proposal 12: For supporting stop without resuming, the UE should 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 13: NR Rel-16 supports stop with resuming for UEs that indicate such capability. 
· Only drop the pre-empted symbols on the target cell and all the intra-band CCs. The transmission can be continued after the last pre-empted symbol on all intra-band CCs. Transmissions on the inter-band CCs are not impacted.  
· The conditions and requirements for keeping the phase continuity in case some symbols are pre-empted are defined by RAN4.
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