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[bookmark: _Ref513464071]Introduction
Work Items on physical layer enhancements for NR URLLC [1] and support for industrial IoT [2] were approved at RAN#83. The objectives of these WIs include specifying enhancements to scheduling and HARQ to handle out-of-order HARQ-ACK, out-of-order PUSCH and conflicts for overlapping PDSCHs or PUSCHs.
This contribution proposes solutions to handle the cases of out-of-order HARQ without overlap of PDSCH in time domain, and PDSCH with overlap in time domain. For the latter case it is proposed to support a DCI-based priority indication to handle prioritization.
Out-of-order HARQ and PDSCH conflicts
In RAN1#96, an agreement to downselect between a set of solutions was made for the case of out-of-order HARQ reporting where the PDSCH do not overlap in time (see Appendix). The merits of each solution were further discussed in email discussion [96b-NR-05]. 
The following principles have been stressed by many companies:
· Guaranteeing that the higher priority transmission is processed
· Predictable performance with respect to whether UE processes (or not) the lower priority transmission

Following the above principles implies that solutions (1) and (3) should be excluded. For solution (1), it is because eMBB performance would be unpredictable. For Solution (3), it is because URLLC prioritization requirement would not be guaranteed to be met. Solution (2) taken alone is also unsatisfactory in that respect because no behavior is defined for a UE not reporting the capability of processing both PDSCH. This would essentially force the network to configure URLLC services only for those UEs reporting the capability, which may be unnecessarily restrictive.
Solution (4-2) is thus a good starting point with respect to the above principles. The network would be certain that transmission carrying URLLC traffic is prioritized, and would further know under which conditions the transmission carrying eMBB traffic is processed. For defining the conditions, it would make sense to start from the PDSCH processing capabilities (cap1 and cap2) and conditions of R15. For example, it is specified that the UE may skip decoding a number of PDSCHs with last symbol within 10 symbols before the start of a PDSCH that is scheduled to follow Capability 2 if any of those PDSCHs are scheduled with more than 136 RBs with 30 kHz SCS and Capability 1 processing time.
To support certain combinations (or types) of URLLC and eMBB services it may be necessary to require higher performance for the UE such that both transmissions are processed unconditionally (on non-overlapping resources), regardless of whether there is overlap in time or not. Introducing a capability indicating this behavior would therefore be useful. 
In summary, to address all cases of PDSCH conflicts or out-of-order HARQ it is recommended to agree on the following proposal combining elements of solution 2 and solution 4-2 from the previous agreement.


Proposal 1: For a Rel. 16 eURLLC UE and dynamic downlink scheduling, on the active BWP of a given serving cell, the HARQ-ACK associated with the second PDSCH with HARQ process ID x received after the first PDSCH with HARQ process ID y (x != y) can be sent before the HARQ-ACK of the first PDSCH.
· The UE always processes the second PDSCH
· The UE processes the first PDSCH if the UE cannot skip processing according to R15 specification. Further conditions are FFS.
· The UE always processes the first PDSCH, if it indicates a capability

[bookmark: _GoBack]The agreement taken at RAN1#96 addresses the scenario where there is no overlap in time between PDSCH. In case there is overlap in time, implicit prioritization based on timing may be more challenging to define without introducing unwanted scheduling restrictions. For example, if the highest priority PDSCH is defined as the one for which the starting symbol starts later, this removes possibility for the network to pre-empt a first PDSCH transmission carrying low priority traffic (that might have been scheduled by a DCI in a previous slot) by a second PDSCH transmission carrying high priority traffic that would start earlier than the first PDSCH but overlap with it, as illustrated in the Figure below.
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Rather than attempting to identify rules based on all possible timeline cases, it would be preferable that the priority of each PDSCH be explicitly indicated to the UE for proper handling. Such DCI-based priority indication may anyway need to be introduced for the purpose of prioritizing between the corresponding HARQ-ACK and other transmissions carrying UCI (e.g. SR or HARQ-ACK for another PDSCH).
Proposal 2: Support a DCI-based priority indication for PDSCH.
Proposal 3: For a Rel. 16 eURLLC UE and dynamic downlink scheduling, on the active BWP of a given serving cell, in case a first PDSCH overlaps in time with a second PDSCH.
· The UE always processes the PDSCH with highest priority indication
· The UE processes the PDSCH with lowest priority indication on non-overlapped resources, if it indicates a capability

Conclusion
This contribution proposes solutions to handle the cases of out-of-order HARQ without overlap of PDSCH in time domain, and PDSCH with overlap in time domain, for a R16 UE supporting eURLLC. The following is proposed:
[For out-of-order HARQ without overlap of PDSCHs in time domain]
Proposal 1: For a Rel. 16 eURLLC UE and dynamic downlink scheduling, on the active BWP of a given serving cell, the HARQ-ACK associated with the second PDSCH with HARQ process ID x received after the first PDSCH with HARQ process ID y (x != y) can be sent before the HARQ-ACK of the first PDSCH.
· The UE always processes the second PDSCH
· The UE processes the first PDSCH if the UE cannot skip processing according to R15 specification. Further conditions are FFS.
· The UE always processes the first PDSCH, if it indicates a capability

[For overlap of PDSCHs in time domain]
Proposal 2: Support a DCI-based priority indication for PDSCH.
Proposal 3: For a Rel. 16 eURLLC UE and dynamic downlink scheduling, on the active BWP of a given serving cell, in case a first PDSCH overlaps in time with a second PDSCH.
· The UE always processes the PDSCH with highest priority indication
· The UE processes the PDSCH with lowest priority indication on non-overlapped resources, if it indicates a capability
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Appendix
Agreements from RAN1#96
	Agreements:
For a Rel. 16 eURLLC UE and dynamic downlink scheduling, on the active BWP of a given serving cell, the HARQ-ACK associated with the second PDSCH with HARQ process ID x received after the first PDSCH with HARQ process ID y (x != y) can be sent before the HARQ-ACK of the first PDSCH. Specify based on the following solutions:
· Solution 1: The UE always processes the second PDSCH. The UE may or may not drop the processing of the first channel.
· Solution 2: The UE processes both the first and second PDSCHs as a UE capability with no condition.
· Solution 3: The UE processes both the first and second channels under some conditions, e.g. using the CA capability. The conditions are reported as a UE capability. If the conditions are not satisfied, the UE behavior is not defined. 
· FFS: The details of the UE capability.
· Solution 4: 
· A UE drops (terminates) the processing of the first PDSCH.
· Alt1: The UE always drops the first PDSCH.
· Alt2: Some scheduling conditions should be defined. If not satisfied, the UE drops the processing of the first channel.
· FFS how to define the scheduling conditions, e.g., based on the number of RBs, TBS, number of layers, the gap between the first and second PDSCHs, the gap between the two PUCCHs carrying HARQ-ACK, etc.
· The UE behavior, e.g., decision on dropping the first channel and timing capability associated with the second channel, is determined, and is fixed, after decoding the PDCCH associated with the first and the second PDSCH. 
· When the UE drops the processing of the first channel, increasing the minimum PDSCH processing procedure time (N1) of the second PDSCH by d symbols can be considered.
· FFS the value of d. 
· Dropping the processing of the first PDSCH can be done in one of the two ways:
· Alt1: dropping the processing of the first PDSCH on the same serving cell 
· Alt2: dropping the processing of a PDSCH(s) on the same cell or a different serving cell.
· The UE only expects a maximum of one OOO PDSCH-to-HARQ-ACK flow on the active BWP of a given serving cell when applicable
· FFS whether or not, out-of-order operation is allowed across PDSCHs with PDSCH-to-HARQ gap compatible with PDSCH processing time (N1) for capability X.
Agreements:
For a Rel. 16 UE, on the active BWP of a given serving cell, the UE can be scheduled with a second PUSCH associated with HARQ process x starting earlier than the ending symbol of the first PUSCH associated with HARQ process y (x != y) with a PDCCH that does not end earlier than the ending symbol of first scheduling PDCCH.  Specify based on the following solutions:
· Solution 1: The UE always processes the second scheduled PUSCH. The UE may or may not drop the processing of the first schedeuled PUSCH.
· If the first scheduled and second scheduled PUSCHs are not colliding in the time domain:
· Solution 2: The UE processes both the first scheduled and second scheduled PUSCHs as a UE capability with no condition.
· Solution 3: The UE processes both the first scheduled and second scheduled PUSCHs under some conditions. The conditions are reported as a UE capability.
· FFS: The details of the UE capability.
· Solution 4: 
· A UE drops (terminates) the processing of the first scheduled PUSCH.
· Alt1: The UE always drops the first scheduled PUSCH.
· Alt2: Some scheduling conditions should be defined. If not satisfied, the UE drops the processing of the first scheduled PUSCH.
· FFS how to define the scheduling conditions, e.g., based on the number of RBs, TBS, number of layers, the gap between the first and the second PUSCHs, etc.
· The UE behavior, e.g., decision on dropping the first scheduled PUSCH and timing capability associated with the second scheduled PUSCH, is determined, and is fixed, after decoding the PDCCH associated with first and the second scheduled PUSCHs. 
· When the UE drops the processing of the first scheduled PUSCH, increasing the minimum PUSCH preparation procedure time (N2) of the second PUSCH by d symbols can be  considered.
· FFS the value of d. 
· Dropping the processing of the first scheduled PUSCH can be done in one of the two ways:
· Alt1: dropping the processing of the first scheduled PUSCH on the same serving cell 
· Alt2: dropping the processing of a PUSCH(s) on the same cell or different serving cell.
· The UE only expects a maximum of one OOO PDCCH-to-PUSCH flow on the active BWP of a given serving cell when applicable.
· FFS whether or not out-of-order operation is allowed across PUSCHs with PDCCH-to-PUSCH gap compatible with PUSCH processing time (N2) for capability X.
· If the first scheduled PUSCH and the second scheduled PUSCH are colliding in the time domain, the UE drops the processing and the transmission of the first scheduled PUSCH.
· For dropping, the scheduling limitations do not apply. The UE always drops the first scheduled PUSCH.
Other details of dropping are as those of the solution 4.



Agreements from RAN1#96bis:
	Agreements:
In case two unicast PDSCHs for a UE are overlapping, the following scenarios are identified:
· Scenario 1-1: Overlapping in the time domain and not in the frequency domain
· Scenario 1-2: Overlapping both in the time and frequency domains
Working assumption:
· When the two unicast PDSCHs for a UE are overlapping, the UE generates HARQ-ACK for both of the PDSCHs.




