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[bookmark: _Ref521334010]Introduction
Rel-16 URLLC work item was approved in RAN#83 in [1]. One of the objectives is to specify enhancements to scheduling/HARQ including the support of out-of-order HARQ and out-of-order PUSCH for different HARQ processes and the support of scenario 1 (dynamic PDSCH and dynamic PDSCH conflict in time) and scenario 3 (dynamic PUSCH and dynamic PUSCH conflict in time) as defined in TR38.825[2].
· [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 
In RAN1#96bis meeting, the following agreements 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.
In RAN1#97, the following conclusion was reached regarding out-of-order HARQ.
Conclusion:
Study further whether/how to support the following scenarios for the handling of two unicast PDSCHs:
1. When different DL processing times are associated with different PDSCHs on the same serving cell, and the two PDSCHs are non-overlapping.
· Note: The PDSCH-to-PUCCHs can be out-of-order or in-order.
· Note: The solution(s) should address the UE processing pipelining issue.
· Two PDSCHs follow DL processing timing capability #1 and #2, respectively, on the same serving cell.
· FFS if any different solutions are necessary to address different scenarios when the above condition occurs 
2. When the same DL processing time is configured on the same serving cell, and the two PDSCHs are non-overlapping, and the PDSCH-to-PUCCHs are out of order.
· Note: There is no UE processing pipelining issue.
· Note: the in-order PDSCH-to-PUCCHs are already handled in Rel-15.
3. The two unicast PDSCHs are overlapping at least in the time domain, regardless of whether the same or different DL processing times is configured on the same serving cell.
· Note: The solution(s) should address the UE processing pipelining issue in this case.
This contribution discusses out-of-order scheduling and out-of-order HARQ taking the above agreements into account.
Discussion
Out-of-order HARQ for non-overlapping PDSCHs in time
It was discussed in RAN1#97 that if Rel-15 NR configuration and scheduling limitations are maintained, out-of-order HARQ can be supported by just buffering the HARQ-ACK for the earlier PDSCH without impact on UE pipeline processing [3]. 
Proposal 1: Support out-of-order HARQ for non-overlapping PDSCHs in time if Rel-15 NR configuration and scheduling limitations are maintained.
Otherwise if Rel-15 NR configuration and scheduling limitations are relaxed, 2 cases were identified that UE pipeline processing may potentially be impacted regardless of in-order or out-of-order HARQ:
· Case 1: different minimum processing timeline capabilities can be configured for PDSCHs on the same carrier. The minimum processing timeline capability for each PDSCH is indicated at the PHY layer.
· Case 2: additional DMRS and PDSCH processing time capability #2 can be configured simultaneously on the same carrier. A PDSCH with additional DMRS follows the minimum PDSCH processing time capability #1.
The motivation of case 1 is for UE power saving by allowing UE to process eMBB PDSCH(s) with a more relaxed timeline. However, it is not clear whether/to what extent UE power saving can be achieved. In addition, more specification efforts are needed to define how to indicate the minimum processing timeline capability for each PDSCH which may or may not introduce additional overhead.
We think case 2 is a valid case for a UE with both eMBB and URLLC traffic types on the same carrier and with certain mobility requiring additional DMRS for better channel estimation performance. This case was not supported in Rel-15, i.e. additional DMRS cannot be configured if DL processing capability #2 is configured. In order to better support both eMBB and URLLC, it is useful to support configuring DL processing capability #2 and additional DMRS simultaneously on a given cell.
Case 2 is similar as in Rel-15 that a PDSCH fallback to DL processing capability#1 is followed by a PDSCH with DL processing capability #2, so that similar handling as in Rel-15 can be reused, i.e. the UE may skip decoding the earlier PDSCH if the gap between the end of the earlier PDSCH and the start of the latter PDSCH is shorter than N symbols. Furthermore, N can be N1 value for the earlier PDSCH based on DL processing capability #1. Following this handling, UE pipeline processing is still maintained.


Figure 1: PDSCHs associated with different processing capabilities
[bookmark: OLE_LINK2][bookmark: OLE_LINK5]Proposal 2: Support out-of-order HARQ for non-overlapping PDSCHs in time when both additional DMRS and DL processing capability #2 are configured on a given serving cell and UE defaults to capability #1 for the PDSCH with additional DMRS. 
Proposal 3: If a first PDSCH following Capability 1 processing time is followed by a second PDSCH following Capability 2 processing time, UE may skip decoding the first PDSCH if the gap between the end of the first PDSCH and the start of the second PDSCH is shorter than PDSCH processing time N1 symbols based on the first PDSCH.
In addition, UE generates HARQ-ACK for both PDSCHs and gNB can schedule retransmission if needed.
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Proposal 4: On a given cell, if a first PDSCH associated with DL processing capability #1 is followed by a second PDSCH associated with DL processing capability #2, UE generates HARQ-ACK for both PDSCHs regardless whether UE decodes the PDSCH or not. UE shall generate NACK if UE skips decoding the PDSCH.
Similar as in Rel-15, no additional processing time is required for the second PDSCH if UE skips decoding the first PDSCH.
Proposal 5: On a given cell, if a first PDSCH associated with DL processing capability #1 is followed by a second PDSCH associated with DL processing capability #2, the minimum PDSCH processing time of the second PDSCH is not increased when the UE drops the processing of the first PDSCH.
Out-of-order HARQ for overlapping PDSCHs in time
For overlapping PDSCHs, we think the following options can be considered.
· Option 1: UE may skip decoding the low priority PDSCH
· Option 1-1: UE buffers the low priority PDSCH data if the PDSCH is not successfully decoded, i.e. legacy UE behavior
· Option 1-2: UE does not buffer the low priority PDSCH data if the PDSCH is not successfully decoded
· Option 2: UE always skips decoding the low priority PDSCH if UE is not capable of processing two PDSCHs overlap in time
The advantage of option 1 is that the UE behavior is the same for overlapping PDSCHs and non-overlapping PDSCHs. However, due to the uncertainty that UE may or may not decode the first PDSCH, gNB cannot stop transmitting the low priority PDSCH and reallocate the resources to other UEs in order not to corrupt the soft bits in the HARQ buffer. In order to give gNB the scheduling flexibility, option 1-2 can be considered. In this option, UE does not buffer the low priority PDSCH data if the PDSCH is not successfully decoded so that UE will not buffer the soft bits targeted for other UEs and gNB can transmit the low priority PDSCH or not. Alternatively, option 2 can be considered. In this option, UE always skips decoding the low priority PDSCH if UE is not capable of processing two PDSCHs overlap in time. Accordingly, gNB always stop transmitting the low priority PDSCH.
Proposal 6: For overlapping PDSCHs, select one option from 1) UE may skip decoding the low priority PDSCH and UE does not buffer the low priority PDSCH data if the PDSCH is not successfully decoded and 2) UE always skips decoding the low priority PDSCH if UE is not capable of processing two PDSCHs overlap in time.
It was agreed as a wording assumption that UE generates both HARQ-ACKs for the overlapping unicast PDSCHs.
Working assumption:
· When the two unicast PDSCHs for a UE are overlapping, the UE generates HARQ-ACK for both of the PDSCHs.
If both HARQ-ACKs are associated with the same Type-1 HARQ-ACK codebook, existing HARQ-ACK codebook design cannot support HARQ-ACK feedbacks for the overlapping PDSCHs. However, it is our view that the two overlapping PDSCHs are for different service types, i.e. with different priorities. Then the HARQ-ACKs for the two PDSCHs are expected to be associated with different HARQ-ACK codebooks according to the agreement that HARQ-ACK codebook identification mechanism is also used to determine the priority of HARQ-ACK. With the above understanding, we think the working assumption can be confirmed without impact on Type-1 HARQ-ACK codebook.
Proposal 7: 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 and the HARQ-ACK for the two PDSCHs are expected to be associated with different HARQ-ACK codebooks.
Out-of-order PUSCH
For out-of-order non-overlapping PUSCH, for a first PUSCH scheduled by an earlier DCI and a second PUSCH scheduled by a latter DCI, UE transmits the second PUSCH and omits transmitting the first PUSCH if the gap between the end of the second PUSCH and the start of the first PUSCH is shorter than N symbols. Furthermore, N can be PUSCH preparation time N2 based on the first PUSCH as shown in Figure 2. 


Figure 2: Out-of-order non-overlapping PUSCH in time
Proposal 8: For out-of-order non-overlapping PUSCH, for a first PUSCH scheduled by an earlier DCI and a second PUSCH scheduled by a latter DCI, UE transmits the second PUSCH and omits transmitting the first PUSCH if the gap between the end of the second PUSCH and the start of the first PUSCH is shorter than PUSCH preparation time N2 symbols based on the first PUSCH.
For overlapping PUSCHs, similarly, UE transmits the second PUSCH and stops transmitting the first PUSCH from the start of the second PUSCH as shown in Figure 3.


Figure 3: overlapping PUSCHs in time
Proposal 9: For overlapping PUSCHs, UE transmits the second PUSCH and stops transmitting the first PUSCH from the start of the second PUSCH.
Similar as proposal 5, it is proposed that the minimum PUSCH preparation time of the second PUSCH is not increased when the UE drops the processing of the first PUSCH.
Proposal 10: For out-of-order PUSCH, the minimum PUSCH preparation time of the second PUSCH is not increased when the UE drops the processing of the first PUSCH.
Conclusion
This contribution discussed out-of-order scheduling and out-of-order HARQ. A few proposals are as follows:
Proposal 1: Support out-of-order HARQ for non-overlapping PDSCHs in time if Rel-15 NR configuration and scheduling limitations are maintained.
Proposal 2: Support out-of-order HARQ for non-overlapping PDSCHs in time when both additional DMRS and DL processing capability #2 are configured on a given serving cell and UE defaults to capability #1 for the PDSCH with additional DMRS. 
Proposal 3: If a first PDSCH following Capability 1 processing time is followed by a second PDSCH following Capability 2 processing time, UE may skip decoding the first PDSCH if the gap between the end of the first PDSCH and the start of the second PDSCH is shorter than PDSCH processing time N1 symbols based on the first PDSCH.
Proposal 4: On a given cell, if a first PDSCH associated with DL processing capability #1 is followed by a second PDSCH associated with DL processing capability #2, UE generates HARQ-ACK for both PDSCHs regardless whether UE decodes the PDSCH or not. UE shall generate NACK if UE skips decoding the PDSCH.
Proposal 5: On a given cell, if a first PDSCH associated with DL processing capability #1 is followed by a second PDSCH associated with DL processing capability #2, the minimum PDSCH processing time of the second PDSCH is not increased when the UE drops the processing of the first PDSCH.
Proposal 6: For overlapping PDSCHs, select one option from 1) UE may skip decoding the low priority PDSCH and UE does not buffer the low priority PDSCH data if the PDSCH is not successfully decoded and 2) UE always skips decoding the low priority PDSCH if UE is not capable of processing two PDSCHs overlap in time.
Proposal 7: 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 and the HARQ-ACK for the two PDSCHs are expected to be associated with different HARQ-ACK codebooks.
Proposal 8: For out-of-order non-overlapping PUSCH, for a first PUSCH scheduled by an earlier DCI and a second PUSCH scheduled by a latter DCI, UE transmits the second PUSCH and omits transmitting the first PUSCH if the gap between the end of the second PUSCH and the start of the first PUSCH is shorter than PUSCH preparation time N2 symbols based on the first PUSCH.
Proposal 9: For overlapping PUSCHs, UE transmits the second PUSCH and stops transmitting the first PUSCH from the start of the second PUSCH.
Proposal 10: For out-of-order PUSCH, the minimum PUSCH preparation time of the second PUSCH is not increased when the UE drops the processing of the first PUSCH.
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