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1. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Introduction 
In RAN1#98bis, we made the following agreements:
Agreements:
If RAN1 supports Case 0 of Proposal 1’ of [98-NR-15], if the UE supports out-of-order HARQ operation, and if PDSCHs are non-overlapping in the time domain:
· The UE processes all PDSCHs without dropping, except
· The Rel. 15 UE fallback to capability 1 and dropping behaviour for a UE reporting pdsch-ProcessingType2-Limited is supported. 
· Note: Under Case 0, additional DMRS and capability 2 cannot be simultaneously configured on a given carrier.

Agreements:
If RAN1 supports Case 1 and/or Case 2 of Proposal 1’ of [98-NR-15], and if the UE is not capable of processing all PDSCHs under some condition(s), and if PDSCHs are non-overlapping in the time domain then:
· The UE always processes the PDSCH associated with capability 2
· FFS whether or not subject to Rel-15 restrictions (if any)
· The UE processes the PDSCH associated with capability 1 if its last symbol is at least N1 symbols before the start of the PDSCH associated with capability 2. 
· N1 is the minimum processing timeline for capability 1.
· Further discussion offline whether or not to include the case when the PDSCH associated with capability 2 is before the PDSCH associated with capability 1 and if so, details
· Otherwise, the UE may skip decoding the PDSCH associated with capability 1. 
· HARQ-ACK should be reported for the PDSCH associated with capability 1.
· If RAN1 supports extending the minimum processing of the PDSCH associated with capability #2 by d symbols in case the PDSCH associated with capability 1 needs to be dropped, the value of d should be less than or equal to 2 symbols at least for SCS = 15/30KHz. 
· FFS: The exact value of d to be decided by RAN1 #99. 
· FFS: The value of d for other SCSs 

This contribution considers some remaining issues on scheduling enhancements for eURLLC.  
2. Discussions 
2.1 Out-of-Order HARQ-ACK for PDSCH
For Out-of-Order HARQ-ACK for PDSCH, there are two cases considered where the UE uses two different processing capabilities to process the PDSCH:
· Case 1: different minimum processing timeline capabilities can be configured to the PDSCHs on the same carrier. Out-of-order HARQ-ACK operation is supported across PDSCHs of different minimum processing timeline capabilities.
· Case 2: PDSCH additional DMRS and PDSCH processing time capability #2 can be configured simultaneously on the same carrier. A PDSCH with additional DMRS follows the minimum PDSCH processing time capability #1. Out-of-order HARQ-ACK operation is supported across PDSCHs of different processing timeline capabilities.

In Rel-15, the UE can only process PDSCH with two DMRS using Capability 1 and so if an eMBB PDSCH uses two DMRS whilst another URLLC PDSCH uses a single DMRS, the UE may be forced to use processing time Capability 1 on both PDSCH leading to undesirable latency.  Hence, Case 2 is valid and should be supported.
Proposal 1: Support Case 2, i.e. the case where additional DMRS and PDSCH processing time capability #2 can be configured simultaneously on the same carrier. A PDSCH with additional DMRS follows the minimum PDSCH processing time capability #1. Out-of-order HARQ-ACK operation is supported for this case.

If Case 2 is supported, then the UE can also support Case 1.  For Case 2, there is a clear behavior when the UE should use Capability 1 and when it can use Capability 2, i.e. if more than 1 DMRS is used then the UE should use Capability 1 otherwise it uses Capability 2.  In RAN1#98bis, it was argued that Case 1 does not have a clear behaviour when the UE should use Capability 1 or Capability 2.  However, since also in RAN198bis, it was agreed under the UCI Enhancement, that the PDSCH has one of two priority levels that is known to the UE at the physical layer, then the processing capability can be associated with the priority level.  Hence, Case 1 can also be supported.
Proposal 2: Out-of-order HARQ-ACK operation across PDSCHs (with 1 DMRS) of different minimum processing timeline capabilities in the same carrier is supported in Rel-16.
Proposal 3: For Out-of-Order HARQ-ACK operation with different minimum processing timeline capabilities:
· A low priority PDSCH is associated with UE processing timeline capability 1
· A high priority PDSCH is associated with UE processing timeline capability 2

Since the UE may use a mixed processing capability or a single processing capability, it is beneficial that the gNB is aware of which processing capability scheme is being used in order to schedule the UE appropriately.  Hence, the UE signals whether it uses a single processing timing capability or two processing timeline capabilities for processing of PDSCH with different priority levels.
Proposal 4: The UE signals to the network whether it uses a single processing timeline capability or two processing timeline capabilities for PDSCH with different priority levels.

2.2 Out-of-Order PUSCH
Figure 1 illustrates Out-of-Order PUSCH scheduling where DCI#1 and DCI#2 schedule PUSCH#1 and PUSCH#2 respectively.  Here DCI#1 is transmitted before DCI#2 but PUSCH#2 is scheduled to transmit before PUSCH#1.  Assuming that the gNB provides sufficient time between DCI#2 and the start of PUSCH#2, i.e. P1 ≥ N2, so that the UE can prepare PUSCH#2, the following time conditions are considered to allow the UE to transmit both PUSCHs:
· If the UE can prepare PUSCH#1 upon receiving DCI#1 and before receiving DCI#2, and stores PUSCH#1 until after PUSCH#2 is transmitted, i.e. the time P0 between the end of DCI#1 and start of DCI#2, is greater than a threshold PA (P0 ≥ PA) [1].
· If the UE can delay the preparation of PUSCH#1 until after it has transmitted PUSCH#2, i.e. the time P2 between the end of PUSCH#2 and the start of PUSCH#1 is greater than UE processing time, N2 (P2 ≥ N2) [2]
· If the UE can use the time after receiving DCI#1 and before transmitting PUSCH#1 to prepare for the PUSCH, i.e. the time P3, between the end of DCI#1 and the start of PUSCH#1, is greater than a threshold PC (P3 ≥ PC). The time condition where P3 ≥ PC, captures the conditions using P0 and P2, since here it is up to the UE to decide whether to use the time P0 or P2 to prepare for PUSCH#1, e.g. if these times are sufficient.  If the time condition is not met, the UE drops the earlier granted PUSCH, i.e. PUSCH#1.
[image: ]
[bookmark: _Ref16521498]Figure 1: Out-of-Order PUSCH scheduling

Proposal 5: For an Out-of-Order PUSCH scheduling where a 1st UL Grant schedules a 1st PUSCH and a 2nd UL Grant schedules a 2nd PUSCH and the 1st UL Grant is sent before the 2nd UL Grant but the 1st PUSCH is transmitted after the 2nd PUSCH,  the UE can prepare and transmit both PUSCHs if the time between the end of the 1st UL Grant and the start of the 1st PUSCH is greater than a threshold.  Otherwise the UE drops the 1st PUSCH.
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3. Conclusion
In this contribution, we discuss some remaining issues in scheduling enhancements for eURLLC.  We propose the following:
Proposal 1: Support Case 2, i.e. the case where additional DMRS and PDSCH processing time capability #2 can be configured simultaneously on the same carrier. A PDSCH with additional DMRS follows the minimum PDSCH processing time capability #1. Out-of-order HARQ-ACK operation is supported for this case.
Proposal 2: Out-of-order HARQ-ACK operation across PDSCHs (with 1 DMRS) of different minimum processing timeline capabilities in the same carrier is supported in Rel-16.
Proposal 3: For Out-of-Order HARQ-ACK operation with different minimum processing timeline capabilities:
· A low priority PDSCH is associated with UE processing timeline capability 1
· A high priority PDSCH is associated with UE processing timeline capability 2

Proposal 4: The UE signals to the network whether it uses a single processing timeline capability or two processing timeline capabilities for PDSCH with different priority levels.
Proposal 5: For an Out-of-Order PUSCH scheduling where a 1st UL Grant schedules a 1st PUSCH and a 2nd UL Grant schedules a 2nd PUSCH and the 1st UL Grant is sent before the 2nd UL Grant but the 1st PUSCH is transmitted after the 2nd PUSCH,  the UE can prepare and transmit both PUSCHs if the time between the end of the 1st UL Grant and the start of the 1st PUSCH is greater than a threshold.  Otherwise the UE drops the 1st PUSCH.
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