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Discussion and decision
1 Introduction
In last RAN1#98bis meeting, following agreements were made in last RAN1 meeting. 
	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 discusses on how to support out-of-order HARQ, out-of-order PUSCH and PDSCH confliction according to the following WID scope.  
· 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 
General proposal is that only essential features should be considered for supporting above scopes with minimizing specification/standardization efforts without making any further remaining issues in eURLLC CR phase because this meeting is the final RAN1 meeting for finishing eURLLC WID. In other words, it is not preferable to introduce optimized/additional features for supporting features described in WID scope. Further, it is desirable to follow progress based on agreements made so far to finalize features. Therefore, we would like to suggest following proposals by removing complicated/non-essential features in view of WID scope. 
2 Discussion
1.1 Out-of-order HARQ
It is better to make a progress further based on agreements so far. In the last meeting, most proponents think that case 0 of [98-NR-15] should be supported as a baseline because it requires less specification efforts while providing out of order HARQ procedure. There is no drawback and any other concerns from other proponents. 
Proposal 1: It supports following updated agreement for out-of-order HARQ for case 0. 
	If RAN1 supports For 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.



Main issue is how to handle case 1 and/or case 2 of [98-NR-15]. 
For case 1, some companies understand that case 1 may provide power saving gain as well as reporting larger envelop such as the number of carriers. On the other hands, other companies think that those benefits are fully not verified in the eURLLC SID/WID and those points are not under WID scope of supporting out of order HARQ. As mentioned before, in the final RAN1 meeting, we have to consider essential features those are of consensus from all proponents. In this sense, following questions have not been clearly answered with some results. 
· How much power saving gain can be achievable? 
· Although power saving gain exists for allowing mixed processing time capabilities per a serving cell, it is the fact that no company (supporting case 1) has provided simulation results showing how much power saving gain can be achieved compared to single processing time capability. Unfortunately, there is no discussion on how to set simulation environment for evaluating power saving gain in eURLLC SID/WID phase. So, it is not preferable to decide whether or not consider case 1 without any observed clues. 
· How much capacity/throughput can be achievable? 
· Another aspect to bring potential benefit for case 1 is reporting a larger envelope for a UE. Main reason is that a UE will report a larger number of CCs compared to case 0 because the UE will save processing resources by allowing slot processing time capability. In this regards, there is no observed simulation or technical results on how much gain could be brought using case 1. In real deployment scenario, it is likely that a UE report the number of CCs assuming that the UE will process all carriers with fast processing time capability because the UE has to consider the extreme case before reporting its capability. This is natural way to do because the UE does not expect how gNB does and how traffic happens previously. 

On the other hands, there are some potential drawbacks/limitations for case 1.  
· It is highly possible that switching between different processing time capabilities requires some processing time margin (i.e., transition time) and additional power to change clock rates. So, if the switching event happens frequently, those aspects are not marginal any more. 
· In last meeting, there was a proposal to provide that each processing time capability would be indicated by associated CORESET. Main reason is that it is better for a UE to know processing time capability information before decoding DCI to provide efficient processing time switching. However, gNB may have a limitation to schedule urgent data and non-urgent data dynamically because each CORESET ties with a certain processing time capability. So, it is not favourable option for gNB side although it may have a benefit to UE side. 
For case 2, some companies think that it is a special scenario of case 1. Other companies think that it is different from case 1 and it is an existing restriction of Rel-15 NR because it does not allow configuring additional DMRS and processing time capability#2 in a same carrier. Although it has not been justified in terms of scenario, but it might be better to remove t restriction to allow out-of-order HARQ procedure. Regarding extending n symbols, it is not needed because Rel-15 NR UEs does not have any constraints when the UE skips 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 UE reports capability 2 with scheduling limitation of 136RBs and 30kHz. 
Proposal 2: It supports following updated agreement for out-of-order HARQ. 

	If RAN1 supports Case 1 and/or For 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



For proposal 2, it is noted that Rel-15 NR has also similar framework in case of a UE reporting processing time capability 2 with scheduling restriction 136RBs & 30kHz. So, proposal 2 could be additional considered for out-of-order HARQ without making any further issue. 
1.2 Out-of-order PUSCH
Since eURLLC WID starts, there is no discussion on how to support out-of-order PUSCH. However, it is evident that no mixed processing time capability is not needed because Rel-15 NR does not have a fallback operation to capability 1 if UE is configured to have processing time capability#2. So, single processing time capability should be maintained for allowing out-of-order PUSCH. In case of overlapping PUSCH case, there are two things to be resolved further. First issue is whether overlapping PUSCH can be scheduled in a same carrier or different carrier. Second issue is how UE drops when first scheduled PUSCH is repetition. Regarding first issue, overlapping PUSCH can be scheduled in a same carrier because Rel-15 already supports that a UE transmits multiple PUSCH transmission in different carrier although those PUSCH are fully or partially overlapped in time domain. Regarding second issue, it is similar with uplink cancellation indication. Since it was agreed that in case of PUSCH repetitions, uplink cancellation indication is applied to each repetition individually that overlaps with the resource (in time and frequency) indicated by UL CI, same principle could be applicable for overlapping PUSCH case. 
Proposal 3: It supports following updated agreement for out-of-order PUSCH.
	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 in a same serving cell, 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. 

· In case of first scheduled PUSCH repetition, the UE drops a repetition of the first scheduled PUSCHs individually that overlaps with the second scheduled PUSCH in the time domain. 



1.3 PDSCH confliction
In last RAN1#98 email discussion, followings Proposal 3’ and Proposal 4 ’are agreed. 

	Proposal 3’: In Rel. 16 NR,  the following UE capabilities should be introduced for handling the collision between two unicast PDSCHs:

· Capability A: A capability under which a UE processes both PDSCHs under Scenario 1-1

· FFS the details of the capability signaling

· Capability B: A capability under which a UE processes both PDSCHs under Scenario 1-2

· FFS the details of the capability signaling

· FFS the UE behavior for processing the overlapping resources in the frequency domain under Scenario 1-2. 

· Capability C: A capability under which a UE always processes the high priority PDSCH. The UE only processes the low priority PDSCH under some scheduling conditions.

· FFS the details of the capability signaling

· FFS the scheduling conditions 

· If no scheduling conditions is identified or the scheduling conditions are not satisfied, the UE skips decoding the low priority PDSCH. 

· FFS whether the UE can delay the processing of low priority PDSCH

· FFS whether the scheduling conditions are the same or different for handling Scenario 1-1 and Scenario 1-2.

· In case the low priority channel is dropped, increasing the minimum processing procedure time (N1) of the high priority PDSCH by “d” symbols can be considered. FFS the value of “d”.
· FFS whether the overlapping PDSCHs are associated with the same or different minimum processing timelines.

· FFS how the priority of the PDSCHs is defined and indicated.

· Note: Under Scenario 1-2, the gNB preempts the transmission of the low priority PDSCH and only transmits the high priority PDSCH over the overlapping resources in the frequency domain.

Proposal 4’: The previous working assumption “When the two unicast PDSCHs for a UE are overlapping, the UE generates HARQ-ACK for both of the PDSCHs.” is updated as follows: 
When two unicast PDSCHs for a UE are overlapping, and in case their HARQ-ACK bits are associated with different Type-2 HARQ-ACK codebooks, the UE generates HARQ-ACK for both of the PDSCHs.

· FFS if any limitation/enhancement is needed for type-1 HARQ-ACK codebook

· FFS if both Type-1 and Type-2 codebooks are configured for a UE

· FFS if the HARQ-ACK bits of overlapping PDSCHs can be associated with the same HARQ-ACK codebook and the associated UE behavior.


For agreed proposal 3’, Capability A and Capability B should not be separate signaling capability. Main difference between capability A and B is whether frequency overlapping is allowed or not to process both PDSCHs. In our view, Capability A is a subset of Capability B, so if a UE reports Capability B, it should implicitly means that the UE also support Capability A although it might be discussed in UE capability session. It is better to make an agreement for UE capability signaling to give clear guidance when UE capability signaling will be designed for overlapping PDSCH handling. Regarding Capability B’s second FFS, it is straightforward that the UE assumes that the overlapping resources are used for higher priority PDSCH without additional rate-matching introduction for lower priority PDSCH. Regarding Capability C, it is difficult to define which scheduling condition could be defined in straightforward way. So, it is better not to have the scheduling condition and it just keeps that UE skips lower priority PDSCH if considering a limited time to finalized work item. Furthermore, regarding extending “d” symbols, it is not needed as mentioned before. As for priority indication, the second scheduled PDSCH should be higher than the first scheduled PDSCH. 
Proposal 4: It supports following updated agreement for PDSCH confliction.
	Proposal 3’: In Rel. 16 NR,  the following UE capabilities should be introduced for handling the collision between two unicast PDSCHs:

· Capability A: A capability under which a UE processes both PDSCHs under Scenario 1-1

· FFS the details of the capability signalling

· Capability B: A capability under which a UE processes both PDSCHs under Scenario 1-2

· FFS the details of the capability signaling

· If the UE reports Capability B, the UE also includes Capability A. 

· FFS the UE behavior for processing the overlapping resources in the frequency domain under Scenario 1-2. 

· UE assumes that the overlapping resources are used for higher priority PDSCH
· Capability C: A capability under which a UE always processes the high priority PDSCH. The UE only processes the low priority PDSCH under some scheduling conditions.
· FFS the details of the capability signaling

· FFS the scheduling conditions 

· If no scheduling conditions is identified or the scheduling conditions are not satisfied, the UE skips decoding the low priority PDSCH. 

· FFS whether the UE can delay the processing of low priority PDSCH

· FFS whether the scheduling conditions are the same or different for handling Scenario 1-1 and Scenario 1-2.

· In case the low priority channel is dropped, increasing the minimum processing procedure time (N1) of the high priority PDSCH by “d” symbols can be considered. FFS the value of “d”.
· FFS whether the overlapping PDSCHs are associated with the same or different minimum processing timelines.

· FFS how the priority of the PDSCHs is defined and indicated.

· First scheduled PDSCH is lower priority PDSCH and second scheduled PDSCH is higher priority PDSCH
· Note: Under Scenario 1-2, the gNB preempts the transmission of the low priority PDSCH and only transmits the high priority PDSCH over the overlapping resources in the frequency domain.



As for HARQ-ACK codebook issue for PDSCH overlapping, main concern is that two overlapping PDSCHs are likely to be associated with a same type-1 HARQ codebook. Actually, it has shown that no company supports the way. So, if gNB always assures that two overlapping PDSCHs are associated with two different HARQ codebooks, type-1 HARQ-ACK codebook can be further considered including related UE behavior. 
Proposal 5: It supports following updated agreement for HARQ-ACK codebook in case of overlapping PDSCHs.
	Proposal 4’: The previous working assumption “When the two unicast PDSCHs for a UE are overlapping, the UE generates HARQ-ACK for both of the PDSCHs.” is updated as follows: 
When two unicast PDSCHs for a UE are overlapping, and in case their HARQ-ACK bits are associated with different Type-2 and Type-1 HARQ-ACK codebooks, the UE generates HARQ-ACK for both of the PDSCHs.

· FFS if any limitation/enhancement is needed for type-1 HARQ-ACK codebook

· FFS if both Type-1 and Type-2 codebooks are configured for a UE

· FFS if UE does not expect that the HARQ-ACK bits of overlapping PDSCHs can be associated with the same HARQ-ACK codebook and the associated UE behavior.


1.4 PHR for out-of-order PUSCHs

In Rel-15, multiple type-B mapping PUSCHs in one slot are scheduled by in-order UL grant, if multiple PUSCHs in one slot overlap with a slot of PHR carrying PUSCH, the first PUSCH is used to calculate PHR. In Rel-16, multiple type-B mapping PUSCHs in one slot are scheduled by out-of-order UL grant, if multiple PUSCHs in one slot overlap with a slot of PHR carrying PUSCH, the DCI scheduling the first PUSCH may be later than the DCI scheduling PHR carrying PUSCH (does not meeting processing requirement), and the DCI scheduling the second PUSCH may be earlier than the DCI scheduling PHR carrying PUSCH (meeting processing requirement), therefore, the first PUSCH meeting processing requirement in the slot overlaps with a slot of PHR carrying PUSCH is used to calculate PHR as shown in Figure 1. 
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Figure 1
Proposal 6: The first PUSCH meeting processing requirement in the slot overlaps with a slot of PHR carrying PUSCH is used to calculate PHR.
1.5 UE features
FG 5-11 to FG 5-13 describe the number of unicast PUSCHs or PDSCHs UE can support. In case of overlapping PUSCH/PDSCH, DL reception/UL transmission will be partially or fully cancelled. In our view, all these cases involve a UE at least potentially partially processing PDSCH and PUSCH, and hence, those PDSCH and PUSCH should be counted. Some optimization is technically possible in a way that such counting is selectively applied depending on when the corresponding dynamic explicit or implicit indication is provided. However, this may occur ambiguity problem if a UE misses scheduling DCI. Same principle can also be applicable in case of cancellation by uplink cancellation indication (Rel-16) and dynamic SFI (Rel-15 and Rel-16). 
3 Conclusions
This contribution considered out of order HARQ/PUSCH, PDSCH conflict and PHR open issue. Followings are summary of proposals in this contribution.
Proposal 1: It supports following updated agreement for out-of-order HARQ for case 0. 

	If RAN1 supports For 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.


Proposal 2: It supports following updated agreement for out-of-order HARQ. 

	If RAN1 supports Case 1 and/or For 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


Proposal 3: It supports following updated agreement for out-of-order PUSCH.
	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 in a same serving cell, 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. 

· In case of first scheduled PUSCH repetition, the UE drops a repetition of the first scheduled PUSCHs individually that overlaps with the second scheduled PUSCH in the time domain. 


Proposal 4: It supports following updated agreement for PDSCH confliction.
	Proposal 3’: In Rel. 16 NR,  the following UE capabilities should be introduced for handling the collision between two unicast PDSCHs:

· Capability A: A capability under which a UE processes both PDSCHs under Scenario 1-1

· FFS the details of the capability signalling

· Capability B: A capability under which a UE processes both PDSCHs under Scenario 1-2

· FFS the details of the capability signaling

· If the UE reports Capability B, the UE also includes Capability A. 

FFS the UE behavior for processing the overlapping resources in the frequency domain under Scenario 1-2. 

· UE assumes that the overlapping resources are used for higher priority PDSCH
· Capability C: A capability under which a UE always processes the high priority PDSCH. The UE only processes the low priority PDSCH under some scheduling conditions.
· FFS the details of the capability signaling

· FFS the scheduling conditions 

· If no scheduling conditions is identified or the scheduling conditions are not satisfied, the UE skips decoding the low priority PDSCH. 

· FFS whether the UE can delay the processing of low priority PDSCH

· FFS whether the scheduling conditions are the same or different for handling Scenario 1-1 and Scenario 1-2.

· In case the low priority channel is dropped, increasing the minimum processing procedure time (N1) of the high priority PDSCH by “d” symbols can be considered. FFS the value of “d”.
· FFS whether the overlapping PDSCHs are associated with the same or different minimum processing timelines.

· FFS how the priority of the PDSCHs is defined and indicated.

· First scheduled PDSCH is lower priority PDSCH and second scheduled PDSCH is higher priority PDSCH
· Note: Under Scenario 1-2, the gNB preempts the transmission of the low priority PDSCH and only transmits the high priority PDSCH over the overlapping resources in the frequency domain.


Proposal 5: It supports following updated agreement for HARQ-ACK codebook in case of overlapping PDSCHs.
	Proposal 4’: The previous working assumption “When the two unicast PDSCHs for a UE are overlapping, the UE generates HARQ-ACK for both of the PDSCHs.” is updated as follows: 
When two unicast PDSCHs for a UE are overlapping, and in case their HARQ-ACK bits are associated with different Type-2 and Type-1 HARQ-ACK codebooks, the UE generates HARQ-ACK for both of the PDSCHs.

· FFS if any limitation/enhancement is needed for type-1 HARQ-ACK codebook

· FFS if both Type-1 and Type-2 codebooks are configured for a UE

· FFS if UE does not expect that the HARQ-ACK bits of overlapping PDSCHs can be associated with the same HARQ-ACK codebook and the associated UE behavior.


Proposal 6: The first PUSCH meeting processing requirement in the slot overlaps with a slot of PHR carrying PUSCH is used to calculate PHR.
4 Appendix
eURLLC WID
· 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 
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.

RAN1#96 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. 
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

RAN1#96bis Working assumption:

· When the two unicast PDSCHs for a UE are overlapping, the UE generates HARQ-ACK for both of the PDSCHs.

Proposal 1’ of [98-NR-15 email discussion]
· Case 0: out-of-order HARQ-ACK operation is supported with a single processing time capability in the same carrier.

· 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: 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.
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