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1. Introduction

In RAN#83, the following objectives regarding scheduling/HARQ enhancements were approved as PHY layer enhancements for URLLC [1]:
	· Specification of enhancements to scheduling/HARQ [RAN1]

· Out-of-order HARQ-ACK associated with PDSCHs with different HARQ process IDs
· Out-of-order PUSCH scheduling associated with different HARQ process IDs, including overlapping PUSCHs and non-overlapping PUSCHs in time-domain
· Methods to handle DL data/data resource conflicts for overlapping PDSCHs in time-domain, scheduled by dynamic DL assignments 


In this contribution, we discuss several discussion points regarding scheduling/HARQ enhancement techniques to be specified from RAN1 point of view. 
2. Out-of-order HARQ-ACK
	Agreements: (RAN1#96)
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.


For out-of-order HARQ-ACK, one thing to be addressed is how to prioritize between two PDSCHs in case simultaneous processing of two PDSCHs is not possible. In our understanding, in case both two PDSCHs are carrying data associated with the same service/traffic type, there is no huge need or good motivation to allow out-of-order HARQ-ACK. On the other hand, if eMBB PDSCH is scheduled and URLLC traffic arrives later, then gNB (intentionally) would let out-of-order HARQ-ACK happen to a UE. In this sense, the order of PDSCH reception would be sufficient to prioritize between two PDSCHs. 

Another consideration point is whether to allow simultaneous processing of two PDSCHs under out-of-order HARQ-ACK flow. In our view, simultaneous processing of two PDSCHs would be up to UE capability. If a UE is capable of simultaneous processing of two PDSCHs, then the UE processes both the first and second PDSCHs; otherwise, the UE processes the second PDSCH and drops/terminates/skips the processing of the first PDSCH. The dropping operation may entail some scheduling condition(s) such as number of RBs, TBS, number of layers, and the gap between the two PUCCHs carrying HARQ-ACK. Thus if some condition(s) is/are not satisfied, the UE will drop/terminate the processing of the first PDSCH.
In case of out-of-order HARQ-ACK, whether or not to drop the processing of a PDSCH(s) on the same cell or a different serving cell needs to be further discussed. For instance, in case of CA capable UE, no discussion has been occurred on whether the processing capability for one (non-scheduled or deactivated or un-configured) serving cell can be utilized to handle other cell’s out-of-order HARQ-ACK (especially for dealing with the processing of the first PDSCH). More specifically, up to UE’s CA capability and utilization status of each serving cell, when out-of-order HARQ-ACK happens on some of serving cells, the first PDSCH as well as the second PDSCH may be processed for some of serving cells by borrowing the processing capability from other (non-scheduled or deactivated or un-configured) serving cells. 
For solution 3, it is somewhat questionable if gNB can guarantee the condition is always met. Sometimes (to meet the latency requirement) the gNB has to schedule high priority PDSCH on more cells which may incur violation of the condition. Rather than treating this as an error case (by not defining UE behavior), it would be more beneficial to define some UE behavior (e.g., the UE processes the high priority PDSCH and drops/terminates the processing of the low priority PDSCH on some cells). The detail can be further discussed.
For Solution 4 with alt 2, as the current description in the agreement is a bit unclear, we would like to clarify further what the consequent behavior is. More specifically, our understanding on this solution would be something like: If scheduling condition is met, the UE processes both PDSCHs; otherwise the UE processes the high priority PDSCH and drops/terminates the processing of the low priority PDSCH. If this is common understanding, this solution would be able to reduce the performance degradation of the low priority PDSCH (caused in Solution 1 or Solution 4 with alt 1) by properly defining some scheduling condition.
Proposal 1: In case of out-of-order HARQ-ACK, solution 3 or solution 4 with alt 2 can be further considered.
· If a UE drops/terminates/skips the processing of the first PDSCH, the UE generates a NACK value for the first PDSCH. 

· FFS whether UE behavior is defined in case the conditions are not satisfied if solution 3 is to be supported.
· FFS on scheduling condition (e.g., number of RBs, TBS, number of layers, and the gap between the two PUCCHs carrying HARQ-ACK) if solution 4 with alt 2 is to be supported.
3. Out-of-order PUSCH scheduling including overlapping PUSCHs in time

	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. 


For out-of-order PUSCH scheduling, our preference is, as out-of-order HARQ-ACK, to prioritize between two PUSCHs based on the order of PDCCH reception. Also, in case of out-of-order PUSCH scheduling for non-overlapped PUSCHs, we think that a UE can process both the PUSCHs as a UE capability. If a UE is capable of processing of two PUSCHs for out-of-order PUSCH scheduling, then the UE processes both the first and second scheduled PUSCHs; otherwise, the UE processes the second scheduled PUSCH and drops/terminates/skips the processing of the first PUSCH. Note that the first scheduled PUSCH means PUSCH scheduled by earlier UL grant while the second scheduled PUSCH means PUSCH scheduled later UL grant. Similar to out-of-order HARQ-ACK case, the dropping operation may entail some scheduling condition(s) such as number of RBs, TBS, number of layers, and the gap between the two PUSCHs. Thus if some condition(s) is/are not satisfied, the UE will drop/terminate the processing of the first scheduled PUSCH. Whether/how to utilize CA capability for processing of two PUSCHs under out-of-order PUSCH scheduling flow needs also to be further discussed. If solution 3 is to be considered, further discussion would be needed on the necessity to define UE behavior in case scheduling condition(s) is/are not satisfied.
Analogous to out-of-order HARQ-ACK case, for Solution 4 with alt 2, the current description in the agreement is a bit unclear. The solution would be something like: If scheduling condition is met, the UE processes both PUSCHs; otherwise the UE processes the high priority PUSCH and drops/terminates the processing of the low priority PUSCH. 
When the UE drops/terminates/skips the processing of the first scheduled PUSCH, if the PUSCH contains UCI (particularly for HARQ-ACK), it would be beneficial to carry the UCI via any of channel not to be dropped. 
Proposal 2: In case of out-of-order PUSCH scheduling, solution 3 or solution 4 with alt 2 can be further considered.
· FFS whether UE behavior is defined in case the conditions are not satisfied if solution 3 is to be supported.
· FFS on scheduling condition (e.g., number of RBs, TBS, number of layers, and the gap between the two PUSCHs) if solution 4 with alt 2 is to be supported.

· FFS on how to handle UCI (if any) of the first scheduled (dropped/terminated/skipped) PUSCH.

4. Resource conflicts between two dynamic scheduled PDSCHs in time

For resource conflicts between two dynamic scheduled PDSCHs in time, whether to allow simultaneous reception of two PDSCHs needs to be discussed. Basically, the principle will be quite similar as simultaneous processing of two PDSCHs for out-of-order HARQ-ACK. For instance, later DL assignment has a higher priority over earlier DL assignment, and PDSCH scheduled by earlier DL assignment will be punctured/rate-matched/dropped by PDSCH scheduled by later DL assignment. Some further condition on simultaneous reception of two PDSCHs can be taken into account. For example, if resource conflicts between two dynamic scheduled PDSCHs in time and frequency happen (scenario 1-2), the UE drops/terminates/skips the processing of PDSCH scheduled by earlier DL assignment. On the other hand, if there are resource conflicts between two dynamic scheduled PDSCHs only in time domain not in frequency domain (scenario 1-1), the UE processes both the PDSCHs depending on UE capability. 
Proposal 3: In case of resource conflicts between two dynamic scheduled PDSCHs in time
· A UE process both dynamic scheduled PDSCHs if the UE is capable of decoding two overlapped PDSCHs under scenario 1-1; otherwise the UE drops/terminates/skips the processing of the low priority PDSCH and processes the high priority PDSCH.
· Under scenario 1-2, the UE drops/terminates/skips the processing of the low priority PDSCH and processes the high priority PDSCH.
5. Conclusions

In this contribution, we discussed several aspects on scheduling/HARQ enhancements for NR URLLC. Based on the above discussion, our observation and proposals are given as follows:

Proposal 1: In case of out-of-order HARQ-ACK, solution 3 or solution 4 with alt 2 can be further considered.
· If a UE drops/terminates/skips the processing of the first PDSCH, the UE generates a NACK value for the first PDSCH. 

· FFS whether UE behavior is defined in case the conditions are not satisfied if solution 3 is to be supported.
· FFS on scheduling condition (e.g., number of RBs, TBS, number of layers, and the gap between the two PUCCHs carrying HARQ-ACK) if solution 4 with alt 2 is to be supported.
Proposal 2: In case of out-of-order PUSCH scheduling, solution 3 or solution 4 with alt 2 can be further considered.
· FFS whether UE behavior is defined in case the conditions are not satisfied if solution 3 is to be supported.
· FFS on scheduling condition (e.g., number of RBs, TBS, number of layers, and the gap between the two PUSCHs) if solution 4 with alt 2 is to be supported.

· FFS on how to handle UCI (if any) of the first scheduled (dropped/terminated/skipped) PUSCH.

Proposal 3: In case of resource conflicts between two dynamic scheduled PDSCHs in time
· A UE process both dynamic scheduled PDSCHs if the UE is capable of decoding two overlapped PDSCHs under scenario 1-1; otherwise the UE drops/terminates/skips the processing of the low priority PDSCH and processes the high priority PDSCH.
· Under scenario 1-2, the UE drops/terminates/skips the processing of the low priority PDSCH and processes the high priority PDSCH.
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