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Introduction
In RANP #83, 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)  

For uplink preemption indication, the following description is given in the eURLLC TR:
[bookmark: OLE_LINK31]“UE UL cancelation mechanisms are considered as one potential enhancement for UL inter-UE Tx prioritization/multiplexing and are studied from several aspects, including the potential mechanisms (e.g. UE UL cancelation/pausing indication, UL continuation indication, UL re-scheduling indication), physical channel/signal used for the UL cancelation indication, UE processing timeline for the UL cancelation indication, UE monitoring behaviours for the UL cancelation indication, UE PDCCH monitoring capability if the UL cancelation indication is by PDCCH, methods to ensure the reliability of the indication for UE UL cancelation.  
Either PDCCH or sequence can be considered as potential options for the UL cancelation indication. If PDCCH is used, either group common DCI or UE-specific DCI can be considered as potential options. If sequence is used, either group common sequence or UE-specific sequence can be considered. 
The monitoring periodicity for the UL cancelation indication should be configurable by the gNB and UE supporting UL cancelation indication should be able to support more than one monitoring occasions for the UL cancelation indication in a slot. If PDCCH is used, whether the UE PDCCH monitoring capability (number of CCEs/BDs per slot) should be increased is to be further investigated. 
The UE processing time for UL cancelation indication should be equal or shorter than N2 defined in Rel-15 UE capability#2. 
Upon detecting an UL cancelation indication, UE cancels the corresponding UL transmission. The corresponding UL transmission may include an on-going UL transmission, or an UL transmission that has not been started. After cancelation, the UE may resume the transmission afterwards as one option, or may not resume the transmission afterwards as another option.”

In this contribution paper, we provide some design details with the focus on the following open items:
· Physical channel used to indicate preemption 
· Monitoring capability for ULPI
· Processing timeline for ULPI
· Resuming or dropping after preemption 
· When should the ULPI be monitored?
Pre-emption Indication for Uplink Multiplexing 
Uplink Pre-emption Indication Signalling 
As discussed during the study item phase, there are multiple ways to indicate to the users which resources should be pre-empted: (1) PDCCH based ULPI or (2) sequence-based ULPI. The first class of schemes can further be categorized as follows: group-common PDCCH or UE-specific PDCCH, which itself can be split into UE-specific ULPI and re-scheduling PDCCH.
The benefit of (1) over (2) is fourfold: First, PDCCH based ULPI does not require introducing a new channel; this is the case for sequence-based indication. Second, PDCCH based ULPI allows for more precise pre-emption 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 ULPI is adopted, and (4) as will be discussed later in this section, PDCCH based indication gives a way for cross-carrier pre-emption indication. 
Observation 1: As compared to sequence-based ULPI, PDCCH based ULPI is more desirable since it: (1) does not require introducing a new channel, (2) provides a larger pre-emption accuracy by conveying a larger payload, (3) leads to a rate-matching behaviour as that of the NR Rel. 15, and (4) gives a way for enabling cross-carrier pre-emption indication. 
Proposal 1: The sequence-based ULPI is not supported in Rel. 16 NR eURLLC.
Next, we focus on the PDCCH-based uplink pre-emption indication. To decide the details of the signalling, 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 abovementioned objectives, the group-common PDCCH requires a smaller number of resources for indication as compared to UE-specific PDCCH. Further, the 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 ULPI PDCCH decoding should be kept low.  
Proposal 2: A Group-common PDCCH is used for indicating the uplink preemption indication. 
Proposal 3: The minimum processing timeline for ULPI is equal to the PUSCH preparation timeline under capability 2. 
[bookmark: _Hlk510792495][bookmark: _Hlk525922392]Proposal 4: To speed up the ULPI PDCCH decoding, configuring one PDCCH candidate per monitoring occasion is enough. 
PDCCH Monitoring Capability for Uplink Pre-emption Indication 
In the preceding section, we provide the design goals that enables the UE to act on the ULPI as quickly as possible. From, the network perspective, the gNB should be able to send the ULPI as often as needed. The frequency of sending the ULPI 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 ULPI 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 ULPI, a separate monitoring capability is needed. 
Proposal 5: The number of monitoring occasions per slot for ULPI is configurable. Further, the monitoring capability for ULPI is independent of the monitoring capability for detecting other UE-specific or common DCIs.  
Although the UE may be configured to monitor for ULPI PDCCH frequently, there is no need for a UE to try to decode ULPI in every occasion if it has not received an uplink DCI with PUSCH scheduled on the potential pre-empted resources. To reduce the number of decoding attempts, the PUCCH transmissions can be protected by scheduler; otherwise, not only when there is PUCCH carrying HARQ-ACK, but also for every PUCCH occasion carrying P-CSI, the UE must monitor ULPI PDCCH.   
Proposal 6: The ULPI does not apply to PUCCH resources.   
Proposal 7: A UE configured for monitoring ULPI does not need to attempt ULPI PDCCH decoding in monitoring occasions impacting the uplink symbols for which the UE has not received an uplink DCI. 
Finally, considering the importance of implementing URLLC on TDD bands, the ULPI 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 ULPI on the FDD band; the ULPI can then be applied to the FDD carriers or TDD carriers.
Proposal 8: The ULPI received on one serving cell can be applied to the same or a different serving cell. 
Resuming Versus Dropping 
Once a UE detects an ULPI DCI, it suspends its transmission on the indicated symbols. One question to answer is whether the UE should continue its transmission after the last pre-empted symbol or not. A straightforward approach is to drop all symbols from the first indicated one until the end of the PUSCH transmission. Although simple, this approach has two main caveats: First, if a UE can continue its transmission, a smaller number of CBGs need to be re-transmitted; this enhances the uplink efficiency. Second, dropping symbols on one serving cell can potentially introduce phase discontinuity on the PUSCHs scheduled on the other serving cells. This, e.g., will be the case across the intra-band CCs, which 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. If, on the other hand, the UE can keep the phase continuity on the two sides of the pre-empted symbols, only the same symbols need to be dropped on other intra-band CCs; the transmission can be continued on all CCs after the last pre-empted symbol. 
For these two reasons, we propose:
Proposal 9: For supporting ULPI, the following two UE behaviours should be considered:
· If a UE cannot keep the phase continuity on the two sides of the pre-empted symbols, it 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.
· If a UE can keep the phase continuity on the two sides of the pre-empted symbols, it should 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. 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 ULPI design for NR Rel. 16 in details, and the following points are made:
Observation 1: As compared to sequence-based ULPI, PDCCH based ULPI is more desirable since it: (1) does not require introducing a new channel, (2) provides a larger pre-emption accuracy by conveying a larger payload, (3) leads to a rate-matching behaviour as that of the NR Rel. 15, and (4) gives a way for enabling cross-carrier pre-emption indication. 
Proposal 1: The sequence-based ULPI is not supported in Rel. 16 NR eURLLC.
Proposal 2: A Group-common PDCCH is used for indicating the uplink preemption indication. 
Proposal 3: The minimum processing timeline for ULPI is equal to the PUSCH preparation timeline under capability 2. 
Proposal 4: To speed up the ULPI PDCCH decoding, configuring one PDCCH candidate per monitoring occasion is enough. 
Observation 2: ULPI PDCCH reliability can be achieved with a relatively small AL.
Proposal 5: The number of monitoring occasions per slot for ULPI is configurable. Further, the monitoring capability for ULPI is independent of the monitoring capability for detecting other UE-specific or common DCIs.  
Proposal 6: The ULPI does not apply to PUCCH resources.   
Proposal 7: A UE configured for monitoring ULPI does not need to attempt ULPI PDCCH decoding in monitoring occasions impacting the uplink symbols for which the UE has not received an uplink DCI. 
Proposal 8: The ULPI received on one serving cell can be applied to the same or a different serving cell. 
Proposal 9: For supporting ULPI, the following two UE behaviours should be considered:
· If a UE cannot keep the phase continuity on the two sides of the pre-empted symbols, it 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.
· If a UE can keep the phase continuity on the two sides of the pre-empted symbols, it should 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. 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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