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

The companies views and proposals for supporting out-of-order HARQ were collected during the RAN1#96b email discussion and captured in [2]. Hence, the out-of-order HARQ topic is not included in this summary. 
For this meeting, companies’ contributions [3-23] provide discussions related to handling collision between two overlapping PDSCHs, out-of-order PUSCH scheduling and TPC accumulation under out-of-order operation as summarized, respectively, in the Sections 2, 3 and 4 of this document. The additional topics are summarized in Section 5.
Intra-UE DL Prioritization
Under this scenario, two unicast PDSCHs, one of low priority and one of high priority, can overlap either in the time domain or in time and frequency domains. 
In the remainder of this section, the companies’ views including how/which PDSCH should be processed, whether the UE can be capable of decoding two simultaneously received PDSCHs, the UE behaviour in terms of reporting HARQ-ACK bits and how to indicate PDSCH priorities are captured.
The companies’ views are summarized as follows:


HW/HiSi:
· In case of collision, URLLC traffic should have a higher priority.
· For Rel-16, when reception processing of URLLC and eMBB data occurs simultaneously at the UE side, the scheduled channel of eMBB traffic can be dropped.
· FFS, if the scheduled channel of eMBB traffic should always be dropped or if under some (TBD) conditions both channels of different traffics shall be processed.

Ericsson:
[image: ]
In case the UE stops the processing of the low priority channel, there can be an implementation uncertainty on both the UE side and gNB side. To avoid uncertainty and misunderstanding, UE behavior needs to be defined.  The definitive UE behavior can be reported as part of UE capability.
Aspects to consider: 
· PDCCH monitoring issue if it overlaps with the first PDSCH.
· How to assign priority: Priority indicaor at the PHY layer is beneficial.
· How to process PDSCHs (always, under some conditions, or delay processing of the first PDSCH or skip its processing: Processing both PDSCHs could mean cost of implementation, hence, it can be optional. 
· HARQ-ACK handling: HARQ-ACK should be generated for both PDSCHs, hence, it is proposed to confirm the working assumption. 

vivo:
[image: ]

· Since latency requirement needs to be satisfied for URLLC service, URLLC PDSCH reception should be prioritized. 
· Decoding both the eMBB and URLLC PDSCHs can be allowed under a UE capability.
· It is further proposed that:
· In case PDSCHs are overlapping in time, but not in frequency, the UE capable of decoding two simultaneously received unicast PDSCHs decodes both PDSCHs. If the UE is not capable, the UE decodes the second scheduled PDSCH and may drop the first scheduled PDSCH.
· In case PDSCHs are overlapping in time and in frequency, the UE capable of decoding two simultaneously received unicast PDSCHs decodes the second scheduled PDSCH and the first scheduled one assuming the overlapping resources are punctured. If the UE is not capable, the UE decodes the second scheduled PDSCH and may drop the first scheduled PDSCH.

DCM:
· Priority indication for processing the overlapping unicast PDSCHs
· PHY layer differentiation should be used.
· Whether the UE drops the processing of the low priority PDSCH or not:
· In case of non-overlapping in freq., the UE processes the low priority PDSCH as well as the high priority PDSCH.
· Whether to send an HARQ-ACK:
· HARQ-ACK for both PDSCHs should be generated.
CATT:
· If UE does not support processing of two PDSCHs overlap in time, UE terminates the processing of the PDSCH scheduled by the earlier DCI and UE generates NACK for the PDSCH.

Spreadtrum:
· Confirm the working assumption that when the two unicast PDSCHs for a UE are overlapping, the UE generates HARQ-ACK for both of the PDSCHs.
· If the two unicast PDSCHs for a UE are overlapping, the UE may drop the processing of the low priority unicast PDSCH under both Scenario 1-1 and 1-2.
· The UE shall generate a NAK if the processing of the low priority PDSCH is dropped.
· From the starting symbol of the high priority PDSCH, the UE is not expected to receive the low priority PDSCH.

ZTE:
· Solution 1 for out of order HARQ-ACK can be applied for the DL data/data conflicting scenario.

OPPO:
· When multiple PDSCHs are scheduled with time-domain overlapping, the UE shall decode the PDSCH with the highest priority, and the UE may or may not decode the PDSCH with lower priority based on UE implementation if no preemption indication to the PDSCH with lower priority is received.
· FL: The role of preemption indication in this context is not clear.
· If the overlapped PDSCHs correspond to separate HARQ-ACK codebooks or one Type-2 HARQ-ACK codebook, the UE generates HARQ-ACK for each of the overlapped PDSCHs.

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:
· 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.
· FL comment: It is not clear why the UE capability is different under Scenario 1-1 and 1-2.

Nokia:
· Some benefits of introducing the UE capability for simultaneous processing of two PDSCHs, rather than leaving it purely to UE implementation. 
· Knowing the UE capability allows the gNB to do more informed scheduling decision to improve the performance. If the gNB knows that a UE is capable of simultaneous processing, it can schedule two PDSCHs on non-overlapping frequency resources so that both can be processed by the UE. If the UE reports that it is not capable of simultaneous processing, the gNB may intentionally schedule two overlapping PDSCHs in overlapping frequency resources to minimize the inefficient resource usage and/or resource fragmentation.
· Simultaneous processing of two PDSCHs overlapping in time for scenario 1-1 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.
· It is also proposed to confirm the working assumption made in RAN1#96b, i.e., when two unicast PDSCHs for a UE are overlapping, the UE generates HARQ-ACK for both the PDSCHs.

Intel:
· The handling of the case wherein the UE is not able to receive and process more than one unicast PDSCH simultaneously is prioritized.
· 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.
· FL comment: The relation is not clear. The eURLLC WI deals with the single-TRP deployments.
· PHY layer service differentiation is not necessary for DL intra-UE prioritization. 
· The UE shall generate a NACK if the processing of the first scheduled PDSCH is terminated.
[bookmark: _GoBack]
SONY:
· In the case of scheduling intra-UE overlapping PDSCHs, the UE can process both PDSCHs if the time M1 between the end of the last PDSCH’s transmission and the start of the last HARQ-ACK is greater than a threshold.  Otherwise the UE drops the PDSCH scheduled by the earlier DL grant.  This threshold is dependent upon UE capabilities and they can be defined in the specifications.
· The UE provides HARQ-ACK for two overlapping PDSCHs if these PDSCHs are associated with different PUCCHs or HARQ-ACK codebooks.  Otherwise, the UE provides HARQ-ACK only for the PDSCH scheduled by the later DL grant.

[image: ]
· FL comment: The agreement on supporting multiple HARQ-ACK codebooks states that the codebooks are constructed for supporting different traffic types. Given that PDSCHs are overlapping only when they are associated with different traffic types, it is natural to assume that their HARQ-ACK bits are reported separately. 

Panasonic:
· Whether the priority based on the order in time is workable for following potential scenarios should be clarified by considering the following cases:
· Partial time overlap between CORESETs
· Analogue beamforming case limits which CORESET to schedule DCI 
· FL comment: Please clarify with more details.
· It is further proposed that a non-timing based priority indication should be introduced.

Samsung:
· Confirm the working assumption related to HARQ-ACK generation for both overlapping PDSCHs.
· The low priority unicast PDSCH should be the first scheduled PDSCH and the high priority unicast PDSCH should be the second scheduled PDSCH in case of overlapped PDSCH for scenario 1-1 and 1-2.
· No need to mandate the UE to report a NACK in case the processing of the first PDSCH is terminated.
· The UE shall prioritize the second scheduled PDSCH processing and may or may not process first scheduled PDSCH.


InterDigital:
· Rather than attempting to identify rules based on all possible timeline cases, it would be preferable that the priority of each PDSCH be explicitly indicated to the UE for proper handling. 
· Such DCI-based priority indication may anyway need to be introduced for the purpose of prioritizing between the corresponding HARQ-ACK and other transmissions carrying UCI (e.g. SR or HARQ-ACK for another PDSCH).
· In case a first PDSCH overlaps in time with a second PDSCH:
· The UE always processes the PDSCH with highest priority indication
· The UE processes the PDSCH with lowest priority indication on non-overlapped resources, if it indicates a capability.

Qualcomm:
· Under the principle of Solution 3 as defined for supporting out-of-order HARQ, the UE can process both PDSCHs under both Scenario 1-1 and 1-2 without dropping.
· The UE should generate HARQ-ACK for both PDSCHs.
· The priority of the PDSCHs should be defined at the PHY layer and via the scheduling DCIs, e.g., the DCI sizes.

AI for 3GPP RAN1 #97
Feature lead Recommendation for discussions during the RAN1 #97:
Proposal #1: Confirm the working assumption made in RAN1 #96b as follows:
· When the two unicast PDSCHs for a UE are overlapping, the UE generates HARQ-ACK for both of the PDSCHs.

FL Recommendation: In case it is agreed that the UE should be able to process both PDSCHs, further discuss whether ACK or NAK should be generated for the preempted CBs. 

FL Recommendation: Given the similarity of the solutions for out-of-order HARQ and intra-UE DL prioritization, postpone the intra-UE DL prioritization until some progress is made for out-of-order HARQ discussion.
Out-of-Order PUSCH Scheduling  
In general, the principle of allowing out-of-order PUSCH scheduling, the limitations and the consequence of adopting each of the Solutions 1-4 is similar to those captured in [2] for out-of-order HARQ (with the exception of the case that two PUSCHs are overlapping.)
As a result, the feature lead recommendation is to postpone the discussions until more progress is made for handling the out-of-order HARQ for Rel. 16 URLLC.
Feature lead Recommendation: Discuss the solutions until more progress is made for handling the out-of-order HARQ.
The views and proposals from different companies are captured in the following sub-section.
Companies’ Proposals for Handling Out-of-Order PUSCH Scheduling


HW/HiSi: 
· The preferred Solution is 4-Alt2.
· Scheduling conditions can be defined based on the total  number of RBs of both PUSCHs, N2 symbols between the end of the first and the start of the second scheduled PUSCH.

Ericsson:
· The main preference is to adopt Solution 2 and Solution 4-Alt2 is mentioned as the second preference.
· For a UE with capability 1 or 2, there are no grounds that these PUSCHs cannot be processed concurrently where preparation time of earlier PUSCH1 is larger than PUSCH2. The only difference is that these PUSCHs can be associated with different traffic, and we believe that this will have no impact on PUSCH processing/preparation time. Hence, for an out-of-order PUSCH, both PUSCHs can be processed with Release 15 capabilities.
· FL comment: The assumption here is that the processing timing limitations of Rel. 15 NR are preserved.
· RAN1 should decide whether out-of-order PUSCH is allowed for the following cases: (cap#1 to cap#2) (cap#1 to cap#1) (cap#2 to cap#2) and (cap#2 to cap#1).
· FL comment: Solution 2 does not address the UE processing pipelining issue in case the lower priority PUSCH is associated with timing capability #1 and the high priority PUSCH is associated with timing capability #2.


vivo: 
· If PUSCHs are not overlapping, the UE should process both PUSCHs as a UE capability. If processing both is not supported, the UE may drop the PUSCH scheduled by the first UL grant. 
· If PUSCHs are overlapping in the time domain, the PUSCH scheduled by the second UL grant is prioritized.
· The PUSCH scheduled by the first UL grant is dropped partially starting from the 1st symbol that has a colliding transmission.
· FL Comment: In case the UE is not capable of processing both PUSCHs, and such a capability is defined, RAN1 should further discuss when the UE can terminate the processing of the low priority PUSCH: (1) left up to the UE implementation, or (2) at a pre-defined time.

DCM:
· It is proposed to adopt either Solution 4-Alt2 or a combination of Solutions 1 and 2.
· Under the adopted solution, the processing of the 2nd PUSCH should be guaranteed.
· Solutions 1 and 2 can be combined as follows:
· The UE capability of processing both the first and second PUSCH with no condition is defined.
· The UE indicating this capability processes both the first and second PUSCHs with no condition.
· The UE not indicating this capability always processes the second scheduled PUSCH. The UE may drop the processing of the first scheduled PUSCH.

CATT:
· It is proposed to adopt Solution 4-Alt2.
· For out-of-order PUSCH scheduling, if the time interval between the end of the second PUSCH and the start of the first PUSCH which is scheduled to be transmitted after the second PUSCH is sufficient for preparation of the first PUSCH, UE should be able to process both PUSCHs.
· For out-of-order PUSCH, the UE should terminate the processing of the first PUSCH scheduled by the earlier DCI if UE cannot process both.

ZTE:
· It is proposed to adopt Solution 2.
· Solution 2 means that the UE reports a capability to gNB about whether it can transmit two PUSCHs in parallel. For a UE with the capability, the UE should transmit the two PUSCH and gNB always tries to decode both PUSCHs. For a UE without the capability, the UE always drops the first scheduled PUSCH and gNB always ignores the decoding of the first scheduled PUSCH.
· FL comment: Solution 2 does not mean two PUSCHs can be sent in parallel.
· There is no need to specify whether the out-of-order operation is allowed or not across PUSCHs with PDCCH-to-PUSCH gap compatible with PUSCH processing time (N2) for capability X.
· FL comment: In that case, Solution 2 does not address the UE pipelining issue.
· If the first scheduled PUSCH and the second scheduled PUSCH are colliding in the time domain, when a UE will stop the transmission of the first scheduled PUSCH should be further studied.

OPPO:
· It is proposed to adopt Solution 1.
· If priority indication is supported and configured in UL grant, UE does not expect that the priority of the earlier PUSCH with later UL grant is lower than the later PUSCH with earlier UL grant.
· When a second PUSCH starting earlier than the first PUSCH is scheduled by a PDCCH later the PDCCH scheduling the first PUSCH, the UE always processes the second PUSCH, and the UE may or may not transmit the first channel if no preemption indication to the first PUSCH is received.
· FL comment: The role of pre-emption indication in this context is not clear. 

CMCC:
· It is proposed to adopt a combination of Solution 3 and 4-Alt2.
· A UE should process both the first and second PUSCHs if one of the following conditions is satisfied:
· Capability condition: UE supports the capability of processing both the first and second channels;
· CA capability condition: UE supports reusing CA capability to process both the first and second channels
· When the UE supports a capability of Z CCs, the UE could process both the first and second channels on X CCs among Y scheduled/activated CCs, where X+Y <=Z
· Scheduling conditions: the UE processes both the first and second PUSCHs if the scheduling conditions are satisfied
· FFS how the above conditions can be jointly considered
· UE transmit the first scheduled PUSCH on non-overlapping resources as much as possible if UE is able to process both of the two PUSCHs.

MTK: 
· It is proposed to adopt Solution 4-Alt2.
· For NR Rel-16, support out-or-order UL scheduling with the following condition;
· If the PDCCH scheduling the earlier PUSCH is within X symbols of the PDCCH that scheduled the later PUSCH, the UE may skip transmitting the earlier scheduled PUSCH. FFS the value of X
· Solution 1 is not considered further in this WI. 
· 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. 
· FL comment: These restrictions are already agreed during the SI phase.
· Any adopted solution should be defined as an optional feature or as a UE capability. 

LGE:
· It is proposed to adopt Solution 3 or 4-Alt2.
· The priority of the two PUSCHs is based on the order of PDCCH reception.
· In case of out-of-order PUSCH scheduling for non-overlapped PUSCHs, 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.

Nokia:
· It is proposed to adopt either Solution 2 or Solution 4-Alt2.
· Support out-of-order scheduling of two PUSCHs associated with the same or different PUSCH processing capabilities. 
· FL comment: Solution 2 does not address the UE pipelining issues if PUSCHs with different processing capabilities are allowed on the same cell.
· When PUSCHs are overlapping:
· In case the first scheduled PUSCH and the second scheduled PUSCH are colliding in the time domain, the current RAN1 agreement of always dropping the first PUSCH could lead to resource waste and unnecessary retransmission. Hence, transmission of the low priority PUSCH should be continued. 

Intel:
· It is proposed to adopt Solution 2.
· Under the condition that the two PUSCHs have time-domain overlaps:
· The UE processes the second scheduled PUSCH and drops the processing of the first scheduled PUSCH on the same serving cell.

Panasonic:
· Adopting Solution 1 is proposed.
· Priority indication is introduced for PUSCH scheduling. Further, the priority level between PUSCH and HARQ-ACK can be determined based on priority indication in UL grant and DL assignment.

Samsung:
· Adopting Solution 2 is proposed.
· Solution 2 means that a UE will transmit both first and second scheduled PUSCHs if a UE reports UE capability. Otherwise, there are 3 options to identify UE behaviour. 
· The first option is that the UE does not expect out of order PDCCH to PUSCH like Rel-15 UEs. 
· The second option is that the UE prioritizes on second scheduled PUSCH’s transmission without defining to first scheduled PUSCH’s transmission that is similar with solution 1. 
· The third option is that UE transmits second scheduled PUSCH and drops the first scheduled PUSCH.
·  In short, the first option does not allow for out-of-order PDCCH to PUSCH scheduling if a UE does not report the UE capability. However, the second and the third options allow for the out-of-order PDCCH to PUSCH scheduling although the UE does not report the UE capability.
· Another issue that is raised in this contribution paper is how to determine of PUSCHs are out of order in case UL slot aggregation is configured. An example is illustrated in the figure below:
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· In the case of PUSCH repetition, how to determine the out-of-order PDCCH to PUSCH operation and its handling should be considered..

· In case PUSCHs are overlapping, the UE should process the second scheduled PUSCH and drop the first scheduled PUSCH.

Sharp: 
· It is proposed to consider Solution 4-Alt2.
· For out-of-order PUSCH scheduling, in case two scheduled PUSCHs are not overlapping in time-domain, solution 4 with Alt2 is preferred. 
· The scheduling conditions can be defined as whether time interval between the first PDCCH and corresponding first PUSCH can accommodate the preparation time of both second PUSCH and first PUSCH. The specific value is FFS.

Qualcomm:
· It is proposed to adopt Solution 3.
· Under Solution 3, except when the two PUSCHs are overlapping, both can be processed and transmitted without dropping.






TPC Accumulation under the Out-of-Order Uplink 
Based on the design principle of Rel. 15 NR, for each loop (1) each TPC is counted only once, and (2) there is only one accumulator per state at any given time. 

This section presents the views from the companies on handling the TPC accumulation under out-of-order PUSCH scheduling. 



DOCOMO:
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In this contribution paper, three options for TPC accumulation under out-of-order PUSCH scheduling operation are listed:
· Option 1: The eMBB and URLLC TPC accumulation are separated; this is a simple approach.
· Option 2: The eMBB TPC is separated, but for URLLC, both TPCs for eMBB and URLLC are used. Hence, this scheme does not require a new table for boosting the URLLC power.
· Option 3: The TPC for URLLC and eMBB is used for PUSCH of eMBB and URLLC. 

Then, it is proposed to consider the separate TPC adjustment states for different traffics. For eMBB, TPC for both eMBB and URLLC should be used. For URLLC, only TPC of URLLC is used. 

Nokia:

In this contribution paper, the following example is used to justify that no enhancement as compared to Rel. 15 NR is required:
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It is observed that, when adjusting power for the OoO PUSCH, the UE just needs to accumulate all TPC commands sent earlier. In addition, the accumulated powers for PUSCH#3 in Figure 2 and PUSCH#2 in Figure 1 are the same.
· FL comment: PUSCH3 in the top figure and PUSCH4 in the bottom figure however are not the same.
It is then concluded that the Rel-15 TPC as defined in Sec. 7.1.1 of TS 38.213 can be directly applied to the case of out-of-order PUSCH scheduling. The out-of-order scheduling does not affect the TPC accumulation of the other scheduled PUSCHs based on Rel-15 TPC definition. 

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 #97
Feature lead Recommendation: Revisit the TPC accumulation operation when some progress is made in developing solutions for handling the out-of-order PUSCH scheduling. 
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.
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