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Introduction
Intra-UE prioritization/multiplexing scenarios in WI scopes
In RAN#83 plenary meeting, IIoT WI has been approved [1]. The following scenarios identified by RAN2 in SI phase are in the scopes of WI:
· Scenario 1: Intra-UE DL Prioritization.
· Scenario 2: Intra-UE UL Prioritization – Resource Conflict between Configured and Dynamic Grant.
· Scenario 3: Intra-UE UL Prioritization – Resource Conflict between Dynamic Grants.
· Scenario 4: Intra-UE UL Prioritization – Resource Conflict between Control Channel and Control Channel.
· Scenario 5: Intra-UE UL Prioritization – Resource Conflict between Control Channel and Data Channel.
· Scenario 5-1: Between SR associating to high-priority traffic and uplink data of lower-priority traffic.
· Scenario 5-2: Between UCI and PUSCH for traffic, including UCI on PUCCH and PUSCH.
· Scenario new 1: Intra-UE UL Prioritization – Resource Conflict between Configured Grants.
· Scenario new 2: Intra-UE UL Prioritization – Resource Conflict among a set of conflicting grants and one of the conflicting grants is dynamic grant.
RAN1 agreements on out-of-order scheduling PUSCHs (scenario 3)
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Figure 1 Timing of PDCCH #1 and PDCCH #2 scheduling out-of-order PUSCHs
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(a) Out-of-order PUSCH #1 and PUSCH#2 don't collide in time domain
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(b) Out-of-order PUSCH #1 and PUSCH#2 collide in time domain
[bookmark: _Ref5129772]Figure 2 Timing of out-of-order scheduling PUSCH #1 and PUSCH #2

In previous RAN1 #96 meeting, some agreements on how to handle out-of-order scheduling PUSCHs were achieved for scenario 3 [2]. The agreement is given in Appendix. In the agreement, the out-of-order PUSCHs are defined as follows:
· PUSCH #1 and PUSCH #2 are scheduled by PDCCH #1 and PDCCH #2, respectively. The PUSCH #1/#2 and PDCCH #1/#2 satisfy the below conditions:
· PUSCH #1 is associated with HARQ process x and PUSCH #2 is associated with HARQ process y, where x !=y;
· PDCCH #2 does not end earlier than the ending symbol of PDCCH #1, as shown in Figure 1;
· PUSCH #2 starts earlier than the ending symbol of PUSCH #1, as shown in Figure 2 (a) or Figure 2 (b).
Intention of this contribution
In this contribution, we would like to draw a conclusion that, if the scheduling PDCCH in out-of-order scheduling PUSCHs discussions is replaced by the instruction from MAC layer to indicate PHY layer for the generation of physical UL data transmission, the most of discussions/agreements on out-of-order scheduling PUSCHs could be extended to scenario 2/new 1.
Discussions
Instruction of generating PUSCH transmission from MAC layer to PHY layer
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[bookmark: _Ref5031633]Figure 3 UL grant processing in MAC Layer

Figure 3 shows the UL grant processing in MAC layer. This is based on the MAC layer functionality given in TS 38.321 sections 5.4.1 and 5.4.2 [3].
“Uplink grant is either received dynamically on the PDCCH, in a Random Access Response, or configured semi-persistently by RRC. The MAC entity shall have an uplink grant to transmit on the UL-SCH. To perform the requested transmissions, the MAC layer receives HARQ information from lower layers.” [3]
In Figure 3, the grant processed in the ‘UL grant reception’ part could be either dynamic grant or configured grant. If this is a dynamic grant on PDCCH or in RAR, it could be delivered from PHY layer to MAC layer. If this is a type 1 uplink configured grant, it is stored in MAC layer based on the information provided by RRC. If this is a type 2 uplink configured grant, it is stored based on PHY layer signalling indicating configured uplink grant activation as well as the information provided by RRC.
It can be seen that no matter the grant is dynamic or configured, after the grant is verified as a valid grant, MAC layer would instruct PHY layer to generate a transmission according to the grant. If the grant is for an initial transmission, a PDU is obtained for this grant before the PUSCH generating instruction. If the grant is for a retransmission, no new PDU is obtained.
Observation 1: Regardless that the type of a grant is dynamic or configured, the corresponding PHY layer transmission is generated only after the MAC layer instruction.
Extend discussions on out-of-order PUSCHs for scenario 3 to scenario 2/scenario new 1
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[bookmark: _Ref5134517]Figure 4 Timing of instructions from MAC layer to indicate PHY layer generate transmissions of out-of-order PUSCHs.
Similar to scenario 3 (DG&DG), two PUSCHs are involved in scenario 2 (CG&DG) and scenario new 1 (CG&CG). If the definition of out-of-order PUSCHs could be update in following way, the most of discussions on out-of-order PUSCHs for scenario 3 could be easily extended to scenario 2/scenario new 1.
· Updated definition of out-of-order PUSCHs:
· MAC layer instructs PHY layer to generate the transmission of PUSCH #1 is not later than MAC layer instructs PHY layer to generate the transmission of PUSCH #2, as shown in Figure 4: 
· PUSCH #1 is associated with HARQ process x and PUSCH #2 is associated with HARQ process y, where x !=y;
· PUSCH #2 starts earlier than the ending symbol of PUSCH #1, as shown in Figure 2 (a) or Figure 2 (b).
Observation 2: The most of discussions on out-of-order PUSCHs for scenario 3 could be easily extended to scenario 2 and scenario new 1, if the PDCCHs scheduling out-of-order PUSCHs in scenario 3 are replaced by instructions of generating out-of-order PUSCHs’ transmissions from MAC layer to PHY layer.
Conclusion
In this contribution, we have following observations:
Observation 1: Regardless that the type of a grant is dynamic or configured, the corresponding PHY layer transmission is generated only after the MAC layer instruction.
Observation 2: The most of discussions on out-of-order PUSCHs for scenario 3 could be easily extended to scenario 2 and scenario new 1, if the PDCCHs scheduling out-of-order PUSCHs in scenario 3 are replaced by instructions of generating out-of-order PUSCHs’ transmissions from MAC layer to PHY layer.
Based on the observations, we propose:
Proposal: 
· Consider combine the discussions on handling resource conflicts in scenario 2 and scenario new 1 with the discussion on the out-of-order scheduling PUSCHs in agenda 7.2.6.4.
· Consider extend the agreements on the out-of-order scheduling PUSCHs for scenario 3 to scenario 2 and scenario new 1.
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Appendix
	RAN1 #96 meeting

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 scheduled 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.
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