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1.
Introduction

According to the approved NR eURLLC WID scope [1], enhancements to scheduling/HARQ is included and out-of-order (OOO) HARQ-ACK and PUSCH scheduling is listed as one of objectives as follows,
	· 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 


This contribution mainly reviews the RAN1 status and provide our considerations on potential RAN2 impact as per OOO HARQ-ACK and PUSCH scheduling.
2. Discussion
2.1
OOO PUSCH scheduling

In Rel-15, PUSCH scheduling follows the pipeline processing rule, which is captured in the following [3] 
“A UE shall upon detection of a PDCCH with a configured DCI format 0_0 or 0_1 transmit the corresponding PUSCH as indicated by that DCI. For any two HARQ process IDs in a given cell, if the UE is scheduled to start a PUSCH transmission in symbol j by a PDCCH in symbol i, the UE is not expected to be scheduled to transmit a PUSCH starting earlier than symbol j by a PDCCH starting later than symbol i.”

As shown in the Figure 1, if the HARQ ID 0 in Figure 2 is scheduled for eMBB traffic and the URLLC traffic arrives after the eMBB traffic using HARQ_ID 0, URLLC traffic with HARQ ID 1 has to be transmitted after PUSCH for eMBB, however the duration of eMBB PUSCH will be probably up to 1ms which may be beyond the latency boundary of URLLC packet, thus it may be not tolerable for URLLC traffic.  
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Figure 1. Out-of-order PUSCH scheduling in Rel-15
In RAN1#96 meeting, the following agreements have been made regarding OOO PUSCH scheduling, and a couple of candidate solutions are listed for potential down-selection in RAN1, e.g. whether the UE process both PUSCH or drop the processing of the first PUSCH (under some conditions), etc.
	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:


Note that above Rel-15 scheduling restriction is not reflected in MAC specification. Basically, as long as the uplink grant can be delivered to the MAC entity, the MAC entity will process the uplink grant and instruct the corresponding HARQ process to trigger the (re)transmission. However, the final call of transmission is up to PHY processing, e.g. whether to drop it due to OOO PUSCH scheduling in PHY is invisible to MAC. Regarding the functionality split in the specification between MAC and PHY for OOO PUSCH scheduling, our understanding is that, 

· MAC entity is responsible of UL grant reception and corresponding HARQ process.

· PHY determines whether to drop/terminate the processing of PUSCH or to process both PUSCH following OOO PUSCH scheduling.
One issue is that, in case of two overlapping CG and DG, according to Rel-15, CG will be skipped in the MAC entity and therefore PHY is unable to transmit a TB on CG any more. However, it has some relation with UL intra-UE prioritization for CG/DG, which is under discussion in IIOT. Other than that, we think the current functionality split between MAC and PHY is sufficient to accommodate OOO PUSCH scheduling.

Proposal 1: RAN2 assumes that out-of-order PUSCH scheduling has no significant impact to MAC functionality except for overlapping CG/DG, which will be addressed for intra-UE prioritization in IIOT.
2.2
OOO HARQ-ACK
In Rel-15, out-of-order HARQ-ACK was also discussed and finally the conclusion is that it was not supported for DL and for UL [2].   
	Agreements:
· For each HARQ process ID, the UE is not expected to receive a scheduled unicast PDSCH transmission with the same HARQ process ID until

·      The time after the end of the expected transmission of the HARQ-ACK for an earlier transmission on the same HARQ process ID

· FFS: the time condition under which soft combining for the same HARQ process ID can be assumed


For the same DL HARQ process ID, the UE is not expected to receive a new scheduling before the HARQ-ACK for the current PDSCH has been sent, i.e. the network is not allowed to use the HARQ timing shown in Figure 1. The agreement has been captured as the following description in the section 5.1 of TS 38.214 [3].

“The UE is not expected to receive another PDSCH for a given HARQ process until after the end of the expected transmission of HARQ-ACK for that HARQ process, where the timing is given by Subclause 9.2.3 of [6].”  
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Figure 2. Out-of-order HARQ-ACK in Rel-15
In order to meet the stringent URLLC latency requirements, it would be beneficial to allow a (re)transmission of the URLLC TB already before the HARQ A/N for the previous eMBB TB has been received by the gNB. Regarding the OOO HARQ, RAN1 has so far reached the following agreements.
	Agreement:
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:


The scenarios were also discussed in RAN1 and the following agreements were made in RAN1#96bis meeting, 

	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


According to the summary in [4], RAN1 agreed to resolve the scenario above for handling overlapping PDSCHs and different solutions were provided. Regardless of the solution, it requires PHY to be entitled to process the overlapping PDSCHs. In case both unicast PDSCHs are dynamic scheduling, according to the current MAC specification, after the downlink assignment has been received on the PDCCH or configured, the MAC entity will process the downlink assignment and instruct the PHY to receive the corresponding TB. However, a restriction is put in the MAC specification for overlapping configured downlink assignment and dynamic downlink assignment, which is inherited from legacy behavior,
	For each Serving Cell and each configured downlink assignment, if configured and activated, the MAC entity shall:

1>
if the PDSCH duration of the configured downlink assignment does not overlap with the PDSCH duration of a downlink assignment received on the PDCCH for this Serving Cell:
2>
instruct the physical layer to receive, in this PDSCH duration, transport block on the DL-SCH according to the configured downlink assignment and to deliver it to the HARQ entity;


It implies that in the case the two unicast overlapping SPS and dynamic PDSCH, the MAC entity will not instruct the physical layer to receive the SPS PDSCH. Therefore, it can be foreseen this MAC restriction may affect the OOO HARQ-ACK operation as the PDSCH. Provided the gNB has allocated an PDSCH resource for eMBB overlapping with a configured SPS in time domain, but URLLC service arrives right after the eMBB scheduling. In this case, gNB may have no choice but to serve URLLC over SPS resource. Without the MAC restriction, OOO HARQ-ACK operation in the PHY is able to process the URLLC PDSCH even it is later than the previous eMBB PDSCH. Therefore, we think the MAC restriction shall be revisited and need to confirm with RAN1 whether the scenario of overlapping SPS and dynamic PDSCH is identified for OOO HARQ-ACK. A draft LS can be found in [5].
Proposal 2: The MAC restriction that the configured downlink assignment is always skipped when overlapping with dynamic PDSCH shall be revisited to facilitate OOO HARQ-ACK.
Proposal 3: Send LS to RAN1 to ask their view on case of overlapping SPS and dynamic PDSCH.
3. Conclusion
In this contribution, we discuss and provide our views on OOO HARQ issues, and the following proposals are made,
Proposal 1: RAN2 assumes that out-of-order PUSCH scheduling has no significant impact to MAC functionality except for overlapping CG/DG, which will be addressed for intra-UE prioritization in IIOT.
Proposal 2: The MAC restriction that the configured downlink assignment is always skipped when overlapping with dynamic PDSCH shall be revisited to facilitate OOO HARQ-ACK.

Proposal 3: Send LS to RAN1 to ask their view on case of overlapping SPS and dynamic PDSCH.
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