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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 specify the schemes which allow for supporting out-of-order downlink HARQ and downlink/uplink scheduling:
· [bookmark: OLE_LINK1]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 

Regarding the out-of-order HARQ and uplink scheduling, RAN1 has so far reached the following agreements: 

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. 

For this meeting, companies’ contributions [2-23] provide discussions related to out-of-order PDCCH-to-PDSCH, PDSCH-to-HARQ and PDCC-to-PUSCH as summarized in the Sections 2, 3 and 4 of this document. The additional topics are summarized in Section 5.
Out-of-Order PDSCH-to-PUCCH
In this section, the companies’ views on solution 1-4, and their proposals are summarized
Solution 1
Under solution 1, if two PDSCH and their associated PUCCHs are out-of-order, the UE may or may not drop the low priority PDSCH.
Benefits of Solution 1
· Considering the complexities of both specification and UE implementation, then Solution 1 is favourable. [OPPO]
· Regardless of whether the UE processes both PDSCHs or not, as long as HARQ-ACK is reported for both, the gNB operation is predictable. [ZTE] 
· Less complexity compared to other solutions. It also has the least specification impact. [DCM]
· Solution 1 is the simplest from specification impacts and UE implementation perspective. [Pana]
Drawbacks of Solution 1
· The network operation will not predictable [HW]
· The UE may keep processing the first PDSCH and drop the processing of the second one [Samsung].
· Feature lead comment: This is not how Solution 1 is written.
· The same as Solution 4-Alt1 where the first PDSCH is always dropped. [Intel]
· It may be not so reasonable to simply process both of the two PDSCHs or drop the processing of the first channel due to UE implementation. The bahvior cannot be controlled by the gNB. [CMCC]
· Since the gNB does not know whether or under what conditions the UE is able to process both, it cannot adjust the scheduling decision to take advantage of the cases when the UE can process both. [NOK]
· The network behaviour and operation is not predictable [QC]

Proposals 
Samsung:
· Consider solution 1 or 2 for supporting out of order PDSCH to HARQ-ACK.

ZTE:
· Solution 1 should be supported to define UE behavior for out-of-order HARQ-ACK scheduling.

Panasonic:
· For out-of-order HARQ-ACK, Solution 1 should be considered.
· In Solution 1, NACK should be provided for HARQ-ACK codebook construction in case UE is not able to process/decode the first channel.

Solution 2
Under Solution 2, the UE indicates whether it can support out-of-order PDSCH-to-PUCCH or not; there is no additional capability signalling involved. 
Benefits of Solution 2
· It is spectral efficient since the non-urgent transmission may be decoded successfully, and a re-transmission is not needed. [Ericsson]
· Provides the best performance if feasible [Intel].
· On the feasibility of solution 2, [Intel] provides the following arguments:
· As long as the processing time is satisfied for both of the channels, additional constraints are not needed. 
· Even in Rel. 15, the UE needs to handle cases wherein two PDSCHs are scheduled in sequence. The main difference between Rel. 15 and out-of-order operation of Rel. 16 is that one PUCCH should be sent earlier. Handling this case is mainly a firmware issue. 
Drawbacks of Solution 2
· Poses challenges for UE implementation since it calls for high cost capabilities [HW]
· It requires a more advanced UE implementation [Ericsson].
· The UE behaviour is not clear [Samsung]
· It may be not so reasonable to simply process both of the two PDSCHs or drop the processing of the first channel due to UE capability. If UE does not have the capability of parallel processing, the processing of first PDSCHs would be always dropped even there is enough time for processing both PDSCHs [CMCC].
· Feature lead comment: There is no dropping defined under this solution. The UE always processes both PDSCHs.
· Supporting simultaneous processing will increase the cost of UE, parallel processing is required. In addition, the resource should always be reserved for processing the URLLC traffic resulting in a resource waste especially for the scenarios where the URLLC traffic is sparse. [Spreadtrum]
· In practice, it is unlikely that all the UEs would be able to process both PDSCHs without condition. [NOK]
· It is unrealistic to assume that the UE can process out-of-order transmissions without any condition. [QC]




Proposals 
Ericsson:
· As the first preference, Rel-16 UE with out-of-order HARQ-ACK capability should be able to process first and second PDSCHs without any scheduling limitations.

Intel:
· The UE processes both the first and second PDSCHs as a UE capability with no condition.

Samsung:
· Consider solution 1 or 2 for supporting out of order PDSCH to HARQ-ACK.

Solution 3
Under Solution 3, the UE reports its capability for supporting out-of-order PDSCH-to-PUCCH based on a CA-like capability signalling. 
Benefits of Solution 3
· Addresses all the abovementioned issues with minimum specification efforts. Under solution 3, the UE declares its capability for supporting the high priority traffic on X number of serving cells, and the low priority traffic on Y number of serving cells. As long as the UE is configured according to its capability, the out-of-order operation on a given serving cell can be supported without any dropping across channels of different priorities  In other words, under solution 3, the UE tradeoffs its maximum envelope performance for supporting out-of-order operation across channels of different priorities. This approach is applicable to both downlink and uplink (except when the two PUSCHs are overlapping.) This approach is simple, does not require much specification effort, and solves all the other issues that mentioned above that Solution 4, in its current state, cannot tackle.  [QC]
· Reasonable solution for single-TRP [Pana]

Drawbacks of Solution 3
· It imposes scheduling conditions to the gNB for processing both channels. The gNB has to schedule according to the conditions (#PRBs, TBS,#layers), and the UE has to process both channels [HW].
· The UEs without the capability cannot support OOO eMBB and URLLC [HW]. 
· Not applicable to UEs which do not have flexible sharing of processing resources across component carriers. [Intel].
· The UE may only support CA but not the out-of-order operation. [Samsung]
· Feature lead comment: This needs more clarification.
· It may be not so reasonable to simply process both of the two PDSCHs or drop the processing of the first channel due to UE capability. If UE does not have the capability of parallel processing, the processing of first PDSCHs would be always dropped even there is enough time for processing both PDSCHs [CMCC].
· Feature lead comment: There is no dropping defined under this solution. The UE always processes both PDSCHs.
· Supporting simultaneous processing will increase the cost of UE, parallel processing is required. In addition, the resource should always be reserved for processing the URLLC traffic resulting in a resource waste especially for the scenarios where the URLLC traffic is sparse. [Spreadtrum]
· Solution 3: Several conditions can be considered to support the processing of both channels. However, if those conditions can not be satisfied, the UE behavior is not defined. In this case, this solution cannot guarantee the processing of the second PDSCH, which is considered as the major drawback of this solution. [NOK]
· Feature lead comment: If the condition is defined as a CA capability, and configuration is according to the capability, then the UE schedules both channels, without dropping
· If URLLC uses CA capability already, there is the situation that MIMO/multiple TRP cannot utilize the CA capability. If URLLC doesn’t use CA capability, MIMO/multiple TRPs can avoid the interaction to decoding capability related to URLLC. [Pana]
Proposals 
Qualcomm:
· For supporting the out-of-order HARQ operation in NR Rel. 16:
· The UE declares the number of CCs that can be configured for high priority channels and the number of CCs that can be configured for low priority channels. 
· When scheduled, the priority of the channels is indicated explicitly at the PHY layer. 
· Within each priority, the transmissions are in order. 
· Out-of-order HARQ across channels with different priorities are supported with no additional constraint.  

LGE: 
· In case of out-of-order HARQ-ACK, solution 3 or solution 4 with alternative 2 can be further considered.
· FFS on scheduling condition (e.g., number of RBs, TBS, number of layers, and the gap between the two PUCCHs carrying HARQ-ACK).

Solution 4
Under Solution 4, the low priority channel can be dropped if two PDSCH-to-PUCCH are out of order. Different flavours of dropping rules are considered.
Benefits of Solution 4
· It is simple from implementation point of view and does not require any enhanced parallel processing capability [HW].
· Faster commercialization of the URLLC use cases [HW].
· Solution 4-2: This solution also guarantees the processing of the second PDSCH, which is assumed to convey URLLC traffic. The dropping condition of this solution is obvious and can be known in advance by the gNB, so that the gNB can potentially take this into account when scheduling the second PDSCH in order to minimize the impact on the first PDSCH. [NOK]
· Depending on the conditions, solution 4-2 may or may not complicate the UE implementation.
· Solution 4 seems to be a compound solution, which incorporates other solutions as special cases. [III]

Drawbacks of Solution 4
· If dropping on other carriers is allowed, then it means that the UE is able to share resources across the carrier, which is not the case for all implementations. [Intel]
· It does not specify any capability under which the UE processes both the first and the second scheduled PDSCHs without dropping. [Samsung]
· Feature lead comment: The conditions are FFS; If satisfied, the UE processes both of the PDSCHs.
· Solution 4-1: This solution always prioritizes the second PDSCH. It however cannot exploit the benefit of processing both PDSCHs when the UE is capable of doing so. In this sense, it is similar to Solution 1.
· Solution 4-1 does not allow a possibility of successful decoding of the first PDSCH. [DCM]
· It by itself does not solve all the issues; for example, for efficient operation of eMBB and URLLC on the same cell the LBRM related conditions should be carefully looked at. This conditions guarantee that the coded throughput is limited although the transmissions are all in order (In Rel. 15.) [QC]
· Always dropping the first PDSCH under solution 4-1 leads to performance degradation. Solution 4-2 is complex in terms of implementation and specification efforts. [Pana] 



Proposals 
Huawei: 
· 136 RBs in 30kHz SCS should be as the starting point to define the scheduling conditions for TB and CBG based transmission in case of out-of-order HARQ-ACK. Other conditions would be FFS. [HW]
· The value of d should be no more than 2 symbols for out-of-order HARQ-ACK and out-of-order PUSCH scheduling. [HW]
· Out-of-order operation is done in a given BWP in the same serving cell in Rel-16 URLLC. [HW]
· Feature lead comment: From the paper, the proposal intends to state that the dropping should be limited to the same cell, where the channels are scheduled out-of-order.
· Latency requirements for URLLC could be large too; hence: 
· Out-of-order operation is allowed across PxSCHs compatible with the same PxSCH processing capability.

Ericsson:
· [bookmark: _Toc5140260]As the second preference, in case out of order HARQ-ACK a UE drops (terminates) the processing of the first scheduled PDSCH only in certain scheduling conditions.
· [bookmark: _Toc5140261]If dropping conditions are defined, in case out of order HARQ-ACK a UE may drop the second scheduled PDSCH if allocation size is bigger than 136 RBs, otherwise a UE is expected to decode both the first and second PDSCH.
· [bookmark: _Toc5140262]When UE drops the first scheduled PDSCH, no additional delay (d=0) is needed for processing the second PDSCH.

Sony:
· Define a maximum processing time T1 for UE supporting Out-of-order HARQ-ACK for two PDSCHs, where within this time T1, the UE needs to decode two PDSCHs and prepare their corresponding HARQ-ACKs.  T1 can be a UE processing capability.
· If the UE cannot process both in case of out-of-order, then the UE drops the PDSCH scheduled by the earlier DL grant and decodes only the PDSCH scheduled by the later DL grant.
[image: ]
MTK:
· For NR Rel-16, out-of-order HARQ feedback, support of Solution 4, Alt-2: Some scheduling conditions should be defined. If not satisfied, the UE drops the processing of the first scheduled PUSCH. The scheduling condition is the following: 
· if the earlier PDSCH requires processing time larger than the later PDSCH, the UE may skip decoding the earlier PDSCH when it’s within X symbols from the later PDSCH. FFS the value of X.

[image: ]

LGE: 
· In case of out-of-order HARQ-ACK, solution 3 or solution 4 with alternative 2 can be further considered.
· FFS on scheduling condition (e.g., number of RBs, TBS, number of layers, and the gap between the two PUCCHs carrying HARQ-ACK).

CMCC:
· 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 UE does not have the capability mentioned above, UE drops (terminates) the processing of the first scheduled PDSCH if some scheduling conditions are not satisfied. How to define the scheduling conditions needs to be further studied.
· Feature lead comment: It is not clear how the CA capability and the additional scheduling conditions should be tied together.

Spreadtrum:
· Solution 4 should be supported for out-of-order HARQ-ACK. 
· Alt2 should be supported for determining whether the UE drops the first PDSCH.
· d should be SCS dependent and the value of d should be FFS.
· Dropping the processing of the first PDSCH on a different serving cell should be up to UE’s implementation.

Nokia:
· RAN1 should specify solution 4 alternative 2 for the support of out-of-order HARQ-ACK. The scheduling conditions are pre-defined in the specifications or defined as UE capability. Details of the scheduling conditions are FFS.
· On dropping the processing of the first PDSCH, support alternative 1: dropping the processing of the first PDSCH on the same serving cell.

III:
· In view of limited UE capability, Alt.1 in Solution 4 is supported, however, following issues need to be clarified.
· Dropping Rule of Alt.1 need to consider increased processing time of second PDSCH before dropping. If timing condition is still satisfied then UE performs dropping. Otherwise, UE’s behavior is FFS, e.g., UE proceed the processing of first PDSCH or not.
· UE’s follow up behavior of dropped PDSCH should be clarified, e.g., UE may either transmit NACK or DTX at the assigned PUCCH resource for the first PDSCH.

· In view of aggressive UE capability, Alt.2 in Solution 4 is supported, however, following scheduling condition need to be added.
· One of scheduling conditions includes gap between the end of second PDSCH and start of PUCCH carrying HARQ-ACK for first PDSCH. The value of increased processing time for first PDSCH is a function of the gap length. And if the scheduling timing cannot be satisfied, UE can be dropped it or postponed it to a later location. Otherwise, both PDSCHs are processed according to the indicated timing.     

CATT:
For out-of-order HARQ-ACK feedback, if the time interval between the two HARQ-ACK feedbacks is not shorter than the PDSCH processing time of the first PDSCH, UE processes the first PDSCH; otherwise, UE terminates the processing of the first PDSCH.




Sharp:
· For out-of-order HARQ, solution 4 with Alt2 is preferred. 
Additional Proposals on OOO HARQ
OPPO: 
· If priority indication is supported and configured in DL grant, UE does not expect the priority of the later PDSCH with earlier HARQ-ACK feedback is lower than the earlier PDSCH with later HARQ-ACK feedback.

Ericsson:
· [bookmark: _Toc5140265]For out-of-order PDCSH operation, the cases should be supported, where earlier PDSCH processing is associated with Capability 1 and the following PDSCH is associated with Capability 1 or 2.

ZTE:
· If the OOO is restricted across channles of different timeline, then URLLC with cap#2 cannot be prioritized over eMBB with cap#2.
· No need to specify that out-of-order operation is allowed or not across PDSCHs with PDSCH-to-HARQ gap compatible with PDSCH processing time (N1) for capability X.

Intel:
· Out-of-order operation should be allowed across channels of the same processing timeline. 

Samsung:
· RAN1 Should consider out of order PDSCH to HARQ-ACK in case of PDSCH repetition. 
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Spreadtrum:
· Out-of-order operation is NOT allowed across PDSCHs with PDSCH-to-HARQ gap compatible with PDSCH processing time (N1) for capability X.

Nokia:
· Support out-of-order HARQ-ACK across two PDSCHs associated with different PDSCH processing capabilities. 

DOCOMO:
Analysis of possible solutions
	Design aspect
	Solution 1
	Solution 2
	Solution 3
	Solution 4-1
	Solution 4-2

	UE implementation complexity
	Low 😊
	High for a UE having the capability ☹
	Depends on the condition 😐
	High due to always drop the 1st PDSCH ☹
	Depends on the condition 😐 

	Performance
	Middle 😐

2nd PDSCH is processed

1st PDSCH may be processed
	High for a UE having the capability 😊

Not clear whether 2nd PDSCH is processed when the UE does not report the capability


	High for the case where the condition is satisfied😊

Not clear whether 2nd PDSCH is processed when conditions are not met

	Low☹

Not clear whether 2nd PDSCH is processed

1st PDSCH is not processed

	High for the case when the conditions are satisfied😊

Not clear whether 2nd PDSCH is processed when conditions are not met 


	Spec impact
	Small 😊
FFS whether UE reports HARQ-ACK to 1st PDSCH
	Large ☹
Introduce UE capability signalling
	Depends on the condition 😐
	Small 😊
FFS whether UE reports HARQ-ACK to 1st PDSCH
	Depends on the condition 😐



· Clarify that with solution 2, 3, or 4-2, even if the UE does not have the capability or even if the condition is not met for processing both of the first PDSCH and the second PDSCH of OOO HARQ-ACK solution 2, 3, and 4-2 requires further clarification on whether the second PDSCH is processed.
· If yes, select solution 1 or 4-2 for out-of-order of HARQ-ACK.
· If no, select solution 1 for out-of-order HARQ-ACK.
· Feature lead comment: DCM’s proposal is conditional; hence, it is not captured under any specific solution.

· Out-of-order HARQ-ACK operation should be applied to the following case:
· UE processing capability #1 is applied for 1st PDSCH and UE processing capability #2 is applied for 2nd PDSCH
· UE processing capability #2 is applied for both 1st and 2nd PDSCH
· Support dynamic switching between UE processing capabilities for OOO PUSCH scheduling. 
· Which processing capability to be used depends on the traffic priority.
· Discuss together with intra-UE multiplexing and UCI enhancements AIs on how to determine the priority.

III:
· A general solution to indicate traffic priority for UE to address issues of time-domain overlapping over PUSCHs/PUCCHs, HARQ-ACK codebook selection, PUCCH resource configuration for HARQ-ACK transmission is much more preferred over implicit indication hints by contradiction of scheduled resource or order. This helps UE have a clear understanding of the indicated priority profile and make proper treatments throughout whole processing flow, prevent misalignment between UE and gNB and avoid error cases which violating priority-based scheduling.

AI for 3GPP RAN1 #96b
Recommendation: Discuss the following topics during the RAN1 #96b:
· Pros and cons of solution 1-4 for supporting out-of-order HARQ
· The use cases for supporting out-of-order HARQ across channels with the same processing timing capability

Proposal: The UE only expects a maximum of one OOO PDSCH-to-HARQ flow on the active BWP of a given serving cell when applicable.

Proposal: For the support of out-of-order HARQ, solution 1 is not considered in Rel. 16.

Out-of-Order PDCCH-to-PUSCH 
In this section, the companies’ views on solution 1-4, and their proposals are summarized:
Solution 1
Under solution 1, if two PUSCHs and their associated PDCCHs are out-of-order, the UE may or may not drop the low priority PUSCH.

Benefits of Solution 1
· Considering the complexities of both specification and UE implementation, then Solution 1 is favourable. [OPPO]
· Solution 1 is the simplest from specification impacts and UE implementation perspective. [Pana]

Drawbacks of Solution 1
· The network operation will not predictable [HW]
· If gNB is not sure whether the UE can process and transmit the first PUSCH or not, there may exist some ambiguity between gNB and UE. To remove the ambiguity, UE can report its capability on whether it can support OOO or not. [ZTE]
· Feature lead comment: From Proposal 1, it seems that ZTE’s preference is Solution 1; however, solution 1 does not have the UE capability signaling.
· The first scheduled PUSCH’s decoding performance can be worse if gNB assumes that a UE transmits first scheduled PUSCH in which actually the UE does not transmit PUSCH. [Samsung]
· The same as Solution 4-Alt1 where the first PDSCH is always dropped. [Intel]
· The network behaviour and operation is not predictable [QC]


Proposals
OPPO:
· If priority indication is supported and configured in UL grant, UE does not expect the priority of the earlier PUSCH with later UL grant is lower than the later PUSCH with earlier UL grant.
vivo:
· The UE reposrts whether it can process both PUSCHs or only one. If it does not support encoding both, then the UE may cancel the PUSCH scheduled by the first UL grant.

ZTE:
· Solution 1 can be supported with further consideration to eliminate the impacts of ambiguity. And possible ways include rescheduling, mandating gNB behavior or reporting UE capability.

Panasonic:
· For out-of-order PUSCH, Solution 1 should be considered.
· Priority indication is introduced for PUSCH scheduling, priority between PUSCH and HARQ-ACK can be determined based on priority indication in UL grant and DL assignment.
· If priority indication is introduced for PUSCH scheduling, UE is not expected to be scheduled the second PUSCH with lower priority after the first PUSCH with higher priority.

Solution 2
Under Solution 2, the UE indicates whether it can support out-of-order PDCCH-to-PUSCH or not; there is no additional capability signalling involved. 

Benefits of Solution 2
· The most desirable as there is no need to have additional limitations or constraints. Further, it is spectral efficient. [Ericsson]
· There exists examples from Rel-15 that also impact the pipelined operations at the UE. One such example is the case of OOO PUSCH scheduling between two PUSCHs, one with and one without UL-SCH. For Rel-15, the UE firmware already needs to handle such cases. Hence, option 2 does not need any change as compare to Rel. 15 specification [Intel].
Drawbacks of Solution 2
· Poses challenges for UE implementation since it calls for high cost capabilities [HW]
· If the UE is not capable, this solution precludes to allow out of order PDCCH to PUSCH scheduling if a UE does not report the UE capability. [Samsung]
· Supporting simultaneous processing will increase the cost of UE, parallel processing is required. In addition, the resource should always be reserved for processing the URLLC traffic resulting in a resource waste especially for the scenarios where the URLLC traffic is sparse. [Spreadtrum]
· It is unrealistic to assume that the UE can process out-of-order transmissions without any condition. [QC]

Proposals 
Ericsson:
· [bookmark: _Toc5140266]As the first preference, Rel-16 UE with out-of-order PUSCH capability should be able to process first and second PUSCHs without any scheduling limitations. 

Intel:
· The UE only expects a maximum of one OOO PDCCH-to-PUSCH flow on the active BWP of a given serving cell.
· The UE processes both the first scheduled and second scheduled PUSCHs as a UE capability with no condition if they are not overlapping. 

Samsung:
· Consider solution 2 for supporting out of order PDCCH to PUSCH.

Solution 3
Under Solution 3, the UE reports its capability for supporting out-of-order PDCCH-to-PUSCH based on a CA capability signalling. 

Benefits of Solution 3
· Addresses all the abovementioned issues with minimum specification efforts. Under solution 3, the UE declares its capability for supporting the high priority traffic on X number of serving cells, and the low priority traffic on Y number of serving cells. As long as the UE is configured according to its capability, the out-of-order operation on a given serving cell can be supported without any dropping across channels of different priorities  In other words, under solution 3, the UE tradeoffs its maximum envelope performance for supporting out-of-order operation across channels of different priorities. This approach is applicable to both downlink and uplink (except when the two PUSCHs are overlapping.) This approach is simple, does not require much specification effort, and solves all the other issues that mentioned above that Solution 4, in its current state, cannot tackle.  [QC]

Drawbacks of Solution 3
· It imposes scheduling conditions to the gNB for processing both channels. The gNB has to schedule according to the conditions (#PRBs, TBS,#layers), and the UE has to process both channels [HW].
· The UEs without the capability cannot support OOO eMBB and URLLC [HW]. 
· Not applicable to UEs which do not have flexible sharing of processing resources across component carriers. [Intel].
· It is better to introduce a new capability indicating out of order PDCCH to PUSCH for flexibility aspect. [Samsung]
· Supporting simultaneous processing will increase the cost of UE, parallel processing is required. In addition, the resource should always be reserved for processing the URLLC traffic resulting in a resource waste especially for the scenarios where the URLLC traffic is sparse. [Spreadtrum]
· Reasonable solution for single-TRP [Pana]


Proposals 
Qualcomm:
· For supporting the out-of-order PUSCH operation in NR Rel. 16:
· The UE declares the number of CCs that can be configured for high priority channels and the number of CCs that can be configured for low priority channels. 
· When scheduled, the priority of the channels is indicated explicitly at the PHY layer. 
· Within each priority, the transmissions are in order. 
· Out-of-order (non-overlapping) PUSCH across channels with different priorities are supported with no additional constraint.  
· If two PUSCHs are colliding, the low priority PUSCH should be dropped. When the UE drops the processing of the low priority PUSCH, increasing the minimum PUSCH preparation procedure time (N2) of the high priority PUSCH by d symbols can be  considered.

LGE:
· In case of out-of-order PUSCH scheduling, solution 3 or solution 4 with alternative 2 can be further considered.
· FFS on how to handle UCI (if any) of the first scheduled (dropped/terminated/skipped) PUSCH
· FFS on scheduling condition (e.g., number of RBs, TBS, number of layers, and the gap between the two PUSCHs).

Solution 4
Under Solution 4, the low priority channel can be dropped if two PDCCH-to-PUSCH are out of order. Different flavours of dropping rules are considered.

Benefits of Solution 4
· It is simple from implementation point of view and does not require any enhanced parallel processing capability [HW].
· Faster commercialization of the URLLC use cases [HW].
· Dropping the PUSCH scheduled by the first grant is supported when the two PUSCHs are overlapping. [vivo]
Drawbacks of Solution 4
· If dropping on other carriers is allowed, then it means that the UE is able to share resources across the carrier, which is not the case for all implementations. [Intel]
· Solution 4 seems that it limits on UE behaviour by mandating to drop first scheduled PUSCH transmission without any UE capability signalling. It also further limits flexibility on UE capabilities as it precludes the case that it supports two scheduled PUSCHs processing when those are not overlapped in time domain. [Samsung]
· It by itself does not solve all the issues; for example, for efficient operation of eMBB and URLLC on the same cell the LBRM related conditions should be carefully looked at. This conditions guarantee that the coded throughput is limited although the transmissions are all in order (In Rel. 15.) [QC]
· The UE always drops the first scheduled PUSCH under solution 4-1. Some scheduling conditions should be defined under solution 4-2; if not satisfied, the UE drops the processing of the first scheduled PUSCH. [Pana]

Proposals 
Huawei:
· For Rel-16, the scheduling conditions for out-of-order HARQ-ACK would be as the starting point to define the scheduling conditions for TB in case of out-of-order PUSCH scheduling. 
· The value of d should be no more than 2 symbols for out-of-order HARQ-ACK and out-of-order PUSCH scheduling. 
· Out-of-order operation is done in a given BWP in the same serving cell in Rel-16 URLLC. 
· Feature lead comment: From the paper, the proposal intends to state that the dropping should be limited to the same cell, where the channels are scheduled out-of-order.

· Latency requirements for URLLC could be large too; hence: 
· Out-of-order operation is allowed across PxSCHs compatible with the same PxSCH processing capability.

vivo:
· If the two PUSCHs are overlapping, prioritize the PUSCH scheduled by the second grant.
· If the first PUSCH is cancelled partially and then the transmission is resumed, then further discuss the availability of DMRS in the split part and the phase continuity issue. 

Ericsson:
· [bookmark: _Toc5140267]As the second preference, in case out of order PUSCH, a UE drops (terminates) the processing of the first PUSCH only in certain scheduling conditions.
· [bookmark: _Toc5140268]For out-of-order PUSCH operation. when UE drops the first scheduled PUSCH, no additional delay (d=0) is needed for processing the second scheduled.

ZTE:
· When the two PUSCHs are overlapping, the first scheduled PUSCH should be dropped. Further discuss when the UE should stop the processing.

Sony:
· Define a maximum processing time P1 for UE supporting Out-of-order PUSCHs scheduling, where within this time P1, the UE needs to prepare two PUSCHs.  P1 can be a UE processing capability.

Intel:
· When two PUSCHs are overlapping in the time domain, then the UE processes the second PUSCH and drops the first one.

CMCC:
· 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 UE does not have the capability mentioned above, UE drops (terminates) the processing of the first scheduled PUSCH if some scheduling conditions are not satisfied. How to define the scheduling conditions needs to be further studied.
· Feature lead comment: It is not clear how the CA capability and the additional scheduling constraints should be tied together.
· A UE transmits the first scheduled PUSCH on non-overlapping resources as much as possible if UE is able to process both of the two PUSCHs.

CATT:
· For out-of-order PUSCＨ scheduling, if the time interval between the end of the second PUSCH and the start of the first PUSCH is not shorter than the preparation time of the first PUSCH, UE processes the first PUSCH; otherwise, UE terminates the processing of the first PUSCH.
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· If the UE cannot process two Out-of-order PUSCHs within the scheduled time (regardless if these PUSCHs overlap in time or not), the UE drops the PUSCH that is scheduled by the earlier UL grant and processes only the PUSCH that is scheduled by the later UL grant.

Samsung:
· A UE should process second scheduled PUSCH and drop first scheduled PUSCH when those PUSCHs are overlapped at least in time domain.

MTK:
· For NR Rel-16, out-of-order UL scheduling, support of Solution 4, Alt-2: Some scheduling conditions should be defined. If not satisfied, the UE drops the processing of the first scheduled PUSCH. The scheduling condition is the following:  
· the UE may skip transmitting the earlier scheduled PUSCH when the scheduling PDCCH is within X symbols of the PDCCH that scheduled the later PUSCH. FFS the value of X.
· If the PUSCHs are overlapping, as the gNB aware of the DL traffics’ priorities, RAN1 should adopt simple rule for intra-UE UL prioritization between dynamic grants, where the later scheduling DCI always override the previous one.
Spreadtrum:
· Solution 4 should be supported for out-of-order HARQ-ACK. 
· Alt2 should be supported for determining whether the UE drops the first PDSCH.
· d should be SCS dependent and the value of d should be FFS.
· Dropping the processing of the first PDSCH on a different serving cell should be up to UE’s implementation.

Nokia:
· RAN1 should specify solution 4 alternative 2 for the support of out-of-order PUSCH scheduling. The scheduling conditions are pre-defined in the specifications or defined as UE capability. Details of the scheduling conditions are FFS.
· On dropping the processing of the first PUSCH, support alternative 1: dropping the processing of the first PUSCH on the same serving cell.
· Support out-of-order scheduling of two PUSCHs associated with different PUSCH processing capabilities. 

Sharp:
· For out-of-order PUSCH scheduling, in case two scheduled PUSCHs are not overlapping in time-domain, solution 4 with Alt2 is preferred. 

LGE:
· In case of out-of-order PUSCH scheduling, solution 3 or solution 4 with alternative 2 can be further considered.
· FFS on how to handle UCI (if any) of the first scheduled (dropped/terminated/skipped) PUSCH
· FFS on scheduling condition (e.g., number of RBs, TBS, number of layers, and the gap between the two PUSCHs).

Additional Proposals on OOO PUSCH Scheduling
Ericsson:
· [bookmark: _Toc5140269]For out-of-order PUSCH operation, the case is not relevant, where the first scheduled PUSCH is associated with Capability 2 and the second scheduled PUSCH is associated with Capability 1.
· [bookmark: _Toc5140271]For out-of-order PUCSH operation, the cases should be supported where the first scheduled PUSCH is associated with Capability 1 and the second scheduled PUSCH is associated with Capability 1 or 2.
ZTE:
· No need to specify that out-of-order operation is allowed or not across PUSCHs with PDCCH-to-PUSCH gap compatible with PUSCH processing time (N2) for capability X.

Samsung:
· RAN1 Should consider out of order PDCCH to PUSCH in case of PUSCH repetition. 

MTK:
· Assuming PDSCH-to-HARQ-ACK out-of-order, at a certain precise instant in time the UE will receive a PDCCH scheduling a PDSCH such that its associated HARQ-ACK is in out-of-order relative to a previously scheduled PDSCH and the UE will make the decision to decode or drop the earlier PDSCH. The decision is made and the UE will move on with the processing. If just after the decision and before the transmission of any HARQ-ACK, another PDCCH is received by the UE scheduling another PDSCH again in out-of-order, the UE will be faced with another out-of-order totally independent from the previous one and the UE will similarly make a decision to process or drop the earlier one without any extra complexity since the UE has already the capacity to handle the out-of-order. 
· Restriction on the maximum number of OOO PDCCH-to-PUSCH and OOO PDCCH-to-PUSCH flows the UE needs to handle on the active BWP of a given serving cell is not needed.


Spreadtrum:
· Out-of-order operation is NOT allowed across PUSCHs with PDCCH-to-PUSCH gap compatible with PUSCH processing time (N2) for capability X.

DOCOMO:
· Clarify that with solution 2, 3, or 4-2, even if the UE does not have the capability or even if the condition is not met for processing both of the first scheduled PUSCH and the second scheduled PUSCH of OOO PUSCH scheduling solution 2, 3, and 4-2 requires further clarification on whether the second scheduled PUSCH is processed.
· If yes, select solution 1 or 4-2 for out-of-order of PUSCH scheduling.
· If no, select solution 1 for out-of-order PUSCH scheduling.
· Support dynamic switching between UE processing capabilities for OOO PUSCH scheduling. 
· Which processing capability to be used depends on the traffic priority.
· Discuss together with intra-UE multiplexing and UCI enhancements AIs on how to determine the priority.

AI for 3GPP RAN1 #96b
Recommendation: Discuss the following topics during the RAN1 #96b:
· Pros and cons of solution 1-4 for supporting out-of-order PUSCH
· The use cases for supporting out-of-order PUSCH across channels with the same processing timing capability

Proposal: The UE only expects a maximum of one OOO PDCCH-to-PUSCH flow on the active BWP of a given serving cell when applicable.

Proposal: In case two out-of-order PUSCHs are overlapping in the time domain, the UE drops the processing and the transmission of the low priority PUSCH.
· FFS whether the priority of PUSCH is given by the scheduling time or indicated explicitly at the PHY layer.
· FFS whether the UE drops the remaining portion of the low priority PUSCH after collision or only the overlapping symbols. 
· FFS the value of d which indicate the number of symbols added to N2 of the high priority PUSCH.
TPC Accumulation under the Out-of-Order Uplink 
DOCOMO:
This paper argues that with out-of-order operation, some of the TPCs may be outdated, and proposes to consider TPC overwriting to handle the issue.
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· Overwriting TPC should be considered for out-of-order of PUSCH scheduling
· UE may transmit first scheduled PUSCH with more up-to-date TPC to second scheduled PUSCH.


Qualcomm
In this paper, it is discussed that if transmissions are out of order, following the TPC accumulation scheme of NR Rel. 15, there will be multiple accumulators per state and some TPCs will be double counted.


An example of out-of-order PUSCH scheduling.
To fix these issues, it is proposed that:
· The TPC accumulation of NR Rel. 15 is performed across the channels of the same priority, where the channel priority is given by a physical layer indication.

AI for 3GPP RAN1 #96b
Recommendation: Discuss the following topics during the RAN1 #96b:
· Further discuss the implications of out-of-order HARQ and PUSCH scheduling on TPC accumulation and list the possible solutions. 
Out-of-Order PDCCH-to-PDSCH with Overlapping PDSCHs
In this section, the companies’ views on and their proposals for handling overlapping PDSCHs are summarized:

Huawei:
· In case of collision, the eMBB channel should be dropped; further discuss whether the eMBB channel should always be dropped or dropped under some conditions. 

OPPO:
· When multiple PDSCHs are scheduled with time-domain overlapping, the UE shall process the PDSCH with highest priority, and the UE may or may not drop the processing of the PDSCH with lower priority based on UE implementation.

vivo:
· The UE could be capable of decoding both PDSCHs or not.
· For a capable UE, both PDSCHs are decoded. Otherwsie, the UE only decodes the second PDSCH. For the latter case:
· Alt1: UE always drops the first PDSCH and HARQ-ACK is not reported.
· Alt2: Dropping is left to the UE implementation, but HARQ-ACK for the first PDSCH will be reported.
· Whether the two PDSCHs overlap, decide whether they can overlap in time, frequency, or both.

Ericsson:
· First issue brough up is that in Rel. 15, the UE is not assumed to monitor a CORESET overlapping with assigned PDSCH. The proposal is to consider colusions for this issue.
· [bookmark: _Toc5140273]Priority indicator in DCI is supported in Rel-16.
· In case of intra UE prioritization a new optional UE capability is defined for enabling processing of both PDSCHs. A UE without this capability is expected to drop low priority PDSCH processing.

ZTE:
· Out-of-order PDSCH scheduling restriction should be canceled to guarantee low latency of URLLC service.
· Enhancement of semi-static HARQ-ACK codebook should be considered in NR Rel-16 to avoid dropping of HARQ-ACKs.

Sony:
· If the UE is capable of decoding both PDSCHs overlapping in time, it will decode both.
· For the case where two scheduled PDSCHs overlap in time, and the UE is not capable of decoding two PDSCH simultaneously, the PDSCH scheduled by the later grant has priority. The first scheduled PDSCH is dropped.

Intel:
· Support of parallel processing of multiple PDSCHs with time-domain overlaps would be a further enhancement offering an optional UE capability, and may be considered later.
· It is recommended that RAN1 prioritizes the handling of the case wherein the processing of the first PDSCH is terminated and that the further consideration on simultaneous reception of multiple PDSCHs as an optional UE capability within eURLLC WI is deferred until further clarity is achieved within eMIMO WI on related issue. 
· The handling of the case wherein the UE is not able to receive and process more than one unicast PDSCH simultaneously is prioritized.
· PHY layer service differentiation is not necessary for DL intra-UE prioritization. UE always prioritizes the latter PDSCH and may terminate the earlier PDSCH.

Samsung:
· UE should process second scheduled PDSCH and drop first scheduled PDSCH when those PDSCHs are overlapped at least in time domain. 

MTK:
· As the gNB is aware of the DL traffics’ priorities, RAN1 should adopt simple rule for intra-UE DL prioritization, where the later scheduling DCI always override the previous one.

LGE:
· In case of resource conflicts between two dynamic scheduled PDSCHs in time, the following aspects need to be further investigated:
· How to handle PDSCHs scheduled by earlier DL assignment 
· Condition to allow simultaneous reception of two PDSCHs, e.g., whether they are overlapping in frequency or not, etc.
Nokia:
· Simultaneous processing of multiple PDSCHs overlapping in time is introduced as a UE capability. 
· The later DL assignment has higher priority than the earlier DL assignment in case a UE receives two DL assignments that indicate PDSCH resource allocations overlapping in time and the UE can only process one of them.
· RAN1 should specify what UE may assume regarding the transmission of the impacted low priority data (e.g. stopped or resumed). 

DOCOMO:
· Thus, it can be said that priority identification for traffics are needed for processing overlapped PDSCHs. 
· For HARQ-ACK feedback in order to distinguish whether the HARQ-ACK bit belongs to eMBB or URLLC.
· Priority identification for traffics are needed, while how to realize it explicitly or implicitly needs FFS.
· UE shall provide HARQ-ACK feedback for all of the overlapping PDSCHs. 

Qualcomm:
· The out-of-order PDCCH to PDSCH is only supported for transmission of different TBs.
· A UE only expects a maximum of one out-of-order PDCCH-to-PDSCH flow on the active BWP of a given serving cell.
· In eURLLC WI, when out-of-order PDCCH-to-PDSCH with colliding PDSCHs take place, the two PDSCHs are FDM’ed.
· When two PDSCHs carrying different TBs collide in the time domain, a UE only decodes the higher priority PDSCH, and should report its HARQ-ACK. In addition, the UE should report a NAK for a low priority, suspended, PDSCH.  
· The priority of PDSCHs are indicated at the PHY layer. Out-of-order PDCCH-to-PDSCH is only supported across two PDSCHs associated with different priorities.
· In case of out-of-order PDCCH-to-PDSCH, and for a UE that does not support decoding of concurrently received PDSCHs, increasing the minimum PDSCH processing procedure time (N1) of the higher priority PDSCH by d symbols can be considered.

Panasonic:
· On intra-UE DL prioritization, one of possibility would be the later DL grant takes priority over the earlier DL grant. On the other hand, for the purpose of HARQ-ACK codebook identification and intra-UE Tx prioritization, indication of priorities is proposed.
· To have a restriction such as “UE is not expected to be scheduled the second PDSCH with lower priority collided with the first PDSCH with higher priority scheduled by the earlier DCI” is possible.
· If priority indication is introduced for PDSCH scheduling, UE is not expected to be scheduled the second PDSCH with lower priority collided with the first PDSCH with higher priority scheduled by the earlier DCI.

CATT:
· Out-of-order PDSCH scheduling associated with different HARQ process IDs is supported to handle DL data/data resource conflicts for overlapping PDSCHs in time-domain scheduled by dynamic DL assignments.
· Discuss whether out-of-order PDSCH scheduling associated with different HARQ process IDs is supported for overlapping PDSCHs in time only or is supported for non-overlapping PDSCHs in time as well.

AI for 3GPP RAN1 #96b
Recommendation: Discuss the following topics during the RAN1 #96b:
Proposal 1: The PDSCH scheduling is only supported if the unicast PDSCHs are overlapping in the time domain.  
Proposal 2: In case of out-of-order PDSCH scheduling, the unicast PDSCHs are associated with different transport blocks. 
Proposal 3: The UE only expects a maximum of one OOO PDCCH-to-PDSCH flow on the active BWP of a given serving cell.
Proposal: 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

Proposal: When the two unicast PDSCHs for a UE are overlapping, the UE reports HARQ-ACK for both of the PDSCHs.





Proposal B: If the two unicast PDSCHs for a UE are overlapping:
· Option 1: The UE always drops the processing of the low priority unicast PDSCH under both Scenario 1-1 and 1-2.
· Option 2: The following UE capabilities are defined:
· Capability A: A UE capable of decoding two overlapping unicast PDSCHs processes both the low and high priority PDSCHs under scenario 1-1. 
· A UE not indicating this capability shall process the high priority PDSCH and drop processing of the low priority unicast PDSCH for Scenario 1-1.
· FFS capability B where a UE capable of decoding two overlapping unicast PDSCHs processes both the low and high priority PDSCHs under scenario 1-2. 
· A UE not indicating this capability shall process the high priority PDSCH and drop processing of the low priority unicast PDSCH for Scenario 1-2.
· [bookmark: _Hlk5821494]If capability B is not defined, the UE shall process the high priority PDSCH and drop processing of the low priority unicast PDSCH for Scenario 1-2.

Proposal A: If the two unicast PDSCHs for a UE are overlapping:
· Option 1: The UE always drops the processing of the low priority unicast PDSCH under both Scenario 1-1 and 1-2.
· Option 2: The UE capable of decoding two overlapping unicast PDSCHs processes both the low and high priority PDSCHs under scenario 1-1. 
· A UE not indicating this capability shall process the high priority PDSCH and drop processing of the low priority unicast PDSCH for Scenario 1-1.
· The UE shall process the high priority PDSCH and drop processing of the low priority unicast PDSCH for Scenario 1-2.

Proposal: If the two unicast PDSCHs for a UE are overlapping, the UE always drops the processing of the low priority unicast PDSCH under both Scenario 1-1 and 1-2.

Proposal 6: The priority of the two unicast PDSCHs is indicated by:
· The scheduling time, i.e., the second scheduled PDSCH has a higher priority
· Explicit PHY-layer signalling
· FFS the signalling scheme 
Additional Topics and Proposals 
In this Section, the additional proposls and topics brought up by companies are summarized.
Non-Periodic Scheduling Request
In [INL], a non-periodic SR transmission method for reducing the SR alignment latency and SR bandwidth overhead is proposed. The main idea is to spread the SR bit transmission over a wide bandwidth at a lower power density either using direct sequence spread spectrum method or via generating ZC sequences.
PHY-Layer Differentiation for DL-PI
To make sure that the UE supports both URLLC and eMBB does not flush its buffer associated with URLLC, a PHY-layer differentiation to indicate the priority of the PDSCHs should be introduced [HW].

Out-of-Order PDCCH-to-PDSCH with Non-Overlapping PDSCHs
In [vivo], out-of-order PDCCH-to-PDSCH with non-overlapping PDSCHs is proposed to be supported. 
[image: ]

It is then proposed that the processing of the first and the second PDSCHs, non-overlapping in the time domain, is a UE capability. 

UL Prioritization Handled by MAC and PHY
[InterDigital] discusses different aspects of uplink prioritization, when PUSCHs are overlapping, and provides proposals on how the collision should be resolved by PHY and MAC.
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