3GPP TSG RAN WG1 #98bis		R1-1910991
Chongqing, China, 14th – 20th October 2019

Source:	Panasonic
Title: 	Discussion on scheduling/HARQ enhancement for URLLC
Agenda Item:		7.2.6.4
Document for:	Discussion
Introduction
A work item on physical layer enhancements for NR URLLC was approved [1]. One of objectives of this work item is specification of scheduling/HARQ enhancements, which includes
· Out-of-order HARQ-ACK associated with PDSCHs with different HARQ process ID
· 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 document provides our view on scheduling/HARQ enhancement for URLLC. The agreements related to this topic made in previous RAN1 meetings are summarized in Appendix.
This document is update of R1-1908800 [2].
Out-of-order HARQ and intra-UE DL prioritization
After RAN1#98, downlink out-of-order operation has been discussed in email discussion [98-NR-15] and following proposals were made.
	Proposal #1’: For Rel.16 NR URLLC, the following cases are supported:
· Case 0: Out-of-order HARQ-ACK operation is supported with a single processing time capability in the same carrier.
· Case 1: Different minimum processing timeline capabilities can be configured to the PDSCH on the same carrier. Out-of-order HARQ-ACK operation is supported across PDSCHs of different minimum processing timeline capabilities.
· 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. Out-of-order HARQ-ACK operation is supported across PDSCHs of different processing timeline capabilities.
Proposal #2’: For Rel.16 NR, the following capabilities are supported:
· Capability A: When minimum processing timing capability #1 and #2 are mixed on the same carrier, and for the case of non-overlapping PDCHs, a capability under which the UE processes all PDSCHs without dropping.
· FFS the details of the capability signalling
· FFS how the minimum processing time of the PDSCHs is defined and indicated
· Capability B: When minimum processing timing capability #1 and #2 are mixed on the same carrier, and for the case of non-overlapping PDSCHs, a capability under which the UE processes the PDSCH associated with minimum processing timeline capability #2 and processes the PDSCH associated with the minimum processing timeline capability #1 under some scheduling conditions.
· FFS the details of the capability signalling
· FFS the scheduling conditions
· If the scheduling conditions are not satisfied, FFS whether the UE skips decoding the low priority PDSCH or delay its processing.
· FFS how the minimum processing time of the PDSCHs is defined and indicated
· Capability C: When a single minimum processing capability is configured on a given carrier, and for the case of non-overlapping PDSCHs with out-of-order HARQ, a capability under which the UE processes all PDSCHs without dropping.
· FFS the details of the capability signalling
Proposal #3’: For Rel.16 NR, the following UE capabilities should be introduced for handling the collision between two unicast PDSCHs:
· Capability A: A capability under which a UE processes both PDSCHs under Scenario 1-1
· Capability B: A capability under which a UE processes both PDSCHs under Scenario 1-2
· FFS the UE behaviour for processing the overlapping resources in the frequency domain under Scenario 1-2.
· Capability C: A capability under which a UE processes the high priority PDSCH and processes the low priority PDSCH under some scheduling conditions.
· FFS the scheduling conditions
· If the scheduling conditions are not satisfied, FFS whether the UE skips decoding the low priority PDSCH or delay its processing.
· FFS: In case the lower priority channel is dropped, the UE processing time of the high priority channel may be extended by “d” symbols
· FFS how the priority of the PDSCHs is defined and indicated.
· Note: Under Scenario 1-2, the gNB pre-empts the transmission of the low priority PDSCH and only transmits the high priority PDSCH over the overlapping resources in the frequency domain.
Proposal #4’: The previous working assumption “When the two unicast PDSCHs for a UE are overlapping, the UE generates HARQ-ACK for both of the PDSCHs” is updated as follows:
When two unicast PDSCHs for a UE are overlapping, and in case their HARQ-ACK bits are associated with different Type-2 HARQ-ACK codebooks, the UE generates HARQ-ACK for both of the PDSCHs.
· FFS if any limitation/enhancement is needed for type-1 HARQ-ACK codebook
· FFS if both Type-1 and Type-2 codebooks are configured for a UE
· FFS if the HARQ-ACK bits of overlapping PDSCHs can be associated with the same HARQ-ACK codebook and the associated UE behaviour.



Case 0 in Proposal #1’ should be supported. Since there is no pipeline issue in the Case 0, Capability C in Proposal #2’ should also be supported. To support Case 1 and 2 in Proposal #1’ can multiplex eMBB and URLLC on the same serving cell efficiently, assuming that the PDSCH processing capability 1 is configured for eMBB and PDSCH processing capability 2 is configured for URLLC. Case 1 would provide power saving gain by operating eMBB with slower processing capability and potentially provide more suitable operation for eMBB (no RB limitation and larger number of carriers may be reported). Case 2 can avoid the operating restriction on usage of additional DMRS for eMBB, providing more suitable operation in high-speed scenario. In our view, since to configure PDSCH processing capability 2 for both eMBB and URLLC could work, and then, given the amount of the available standardization time, only to support Case 0 is one of options. On the other hand, regardless of Case 1 and/or Case 2 is supported or not, UE capabilities and/or solutions to handle lower priority PDSCH should be specified in the case of overlapping PDSCHs. The solution can be unified for overlapping PDSCH and non-overlapping PDSCH with different minimum processing timeline capabilities. In this sense, we are acceptable to support Case 1 and 2. Comparing Case 1 and Case 2, we think the motivation to support Case 2 is more justified. 
[bookmark: _Hlk21083917]Proposal 1: At least Case 0 in Proposal #1’ should be supported for Rel.16 NR URLLC.
· Case 0: Out-of-order HARQ-ACK operation is supported with a single processing time capability in the same carrier.
Proposal 2: Capability C in Proposal #2’ should be supported for Rel.16 NR URLLC.
Observation 1: To support Case 1 and Case 2 in Proposal #1’ for Rel.16 NR URLLC can be considered. The order of priorities of the cases should be Case 2 > Case 1.
· Case 1: Different minimum processing timeline capabilities can be configured to the PDSCH on the same carrier. Out-of-order HARQ-ACK operation is supported across PDSCHs of different minimum processing timeline capabilities.
· 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. Out-of-order HARQ-ACK operation is supported across PDSCHs of different processing timeline capabilities.

If Case 1 and/or Case 2 is supported, Proposal #2’ is reasonable. Capability A is possible by using CA capability. For Capability B, the following solutions identified in the previous meeting should be discussed for the scheduling conditions.
· Solution 1: The UE always processes the second PDSCH. The UE may or may not drop the processing of the first channel.
· Solution 4-1: The UE always drops the first PDSCH.
· Solution 4-2: Some scheduling conditions should be defined. If not satisfied, the UE drops the processing of the first channel.
In Solution 1 whether UE drop the process of the first channel is up to UE implementation. In order to avoid HARQ-ACK codebook mismatch between gNB and UE, NACK should be provided for HARQ-ACK codebook construction in case UE is not able to process/decode the first channel similar to the case when the two unicast PDSCHs for a UE are overlapping (i.e., working assumption in RAN1#96bis). Note that whether UE actually send NACK for the first channel or not is up to the result of intra-UE Tx prioritization/multiplexing rule. In our view, the handling of higher priority unicast PDSCH after lower priority unicast PDSCH is similar to the case the effective channel code rate is higher than certain value. TS38.214 Section 5.1.3 describes following.
[…]
The UE may skip decoding a transport block in an initial transmission if the effective channel code rate is higher than 0.95, where the effective channel code rate is defined as the number of downlink information bits (including CRC bits) divided by the number of physical channel bits on PDSCH.
[…]
If the UE skips decoding, the physical layer indicates to higher layer that the transport block is not successfully decoded.
[…]

If UE skips decoding, not successfully decoded is clarified. Based on current NR specification, we propose the modification of the wording of Solution 1 as “The UE always processes the second PDSCH. The UE may skip decoding a transport block of the first channel.” Solution 1 is the simplest from specification impacts and UE implementation perspective. Note that our understanding that Solution 1 means not only to process the first channel or not, but it can be 1) not decode but to keep soft buffer, 2) not decode and not keep soft buffer, and 3) to decode it. Any of three are allowed as UE implementation. 
Solution 4-1 would also be simple solution but since it always mandates to drop the first PDSCH, performance degradation would be the issue. When CBG-based retransmission is operated, there might be possibility that some of CBGs could be ACK even if all PDSCH couldn’t be decoded in UE. Solution 4-1 cannot handle such situation. Solution 4-2 will provide best performance, but implementation will be complex and there would be much specification impact to decide the conditions.
Based on above, our view is the scheduling condition for Capability B in Proposal #2’ should be up to UE choice.
Proposal 3: If Case 1 and/or Case 2 is supported, Capability A and B in Proposal #2’ are supported.
· Capability A: When minimum processing timing capability #1 and #2 are mixed on the same carrier, and for the case of non-overlapping PDCHs, a capability under which the UE processes all PDSCHs without dropping.
· Capability B: When minimum processing timing capability #1 and #2 are mixed on the same carrier, and for the case of non-overlapping PDSCHs, a capability under which the UE processes the PDSCH associated with minimum processing timeline capability #2 and processes the PDSCH associated with the minimum processing timeline capability #1 under some scheduling conditions.
Proposal 4: For Capability B in Proposal #2’, the scheduling condition should be up to UE choice, i.e., the UE may skip decoding a transport block of the PDSCH associated with the minimum processing timeline capability #1.
Proposal 5: For out-of-order HARQ-ACK operation, when UE skip decoding a transport block of the PDSCH associated with the minimum processing timeline capability #1, UE generates NACK for the PDSCH.

On the FFS how the priority of the PDSCHs is defined and indicated in both Capability A and B in Proposal #2’, 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, it was agreed that the PHY identification of HARQ-ACK codebook is also used to determine the priority of the HARQ-ACK codebook for collision handling. Therefore, to follow this PHY identification is possible. However, if the later DL assignment does not have higher priority, the latter DL assignment should not be issued by gNB. Even if prioritization is identified in L1 grant, the case between earlier assignment with higher priority and later assignment with lower priority is just unreasonable gNB operation. Then 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 possibility. Although priority based on the order in time is one possibility, we think there are some scenarios to be considered whether the order in time can be still workable or not. For example, potential scenarios would be partial time overlap between CORESETs, CA with different numerologies, and analogue beamforming case. For partial time overlapped CORESETs and CA with different numerologies, which DCI is later should be clarified. Analogue beamforming case limits which CORESET to schedule DCI. Assuming such complex scenarios, we think to have the priority indication is simpler. The priority is based on the priority order in time for some conditions (e.g., as mentioned above) otherwise, the priority is based on order in time would also be possible.
For handling the collision between two unicast PDSCHs, Proposal #3’ is reasonable. Similar discussion for Proposal #2’ could be applicable for the scheduling conditions and the definition/indication of the priority of the PDSCHs.
Proposal 6: For Rel.16 NR, Capability A, B, and C in Proposal #3’ should be introduced for handling the collision between two unicast PDSCHs.
· Capability A: A capability under which a UE processes both PDSCHs under Scenario 1-1
· Capability B: A capability under which a UE processes both PDSCHs under Scenario 1-2
· Capability C: A capability under which a UE processes the high priority PDSCH and processes the low priority PDSCH under some scheduling conditions.
Proposal 7: For Capability C in Proposal #3’, the scheduling condition should be up to UE choice, i.e., the UE may skip decoding a transport block of the PDSCH associated with the low priority PDSCH.
Proposal 8: Whether the priority based on the order in time is workable for following potential scenarios should be clarified.
· Partial time overlap between CORESETs
· Analogue beamforming case limits which CORESET to schedule DCI 

On Proposal #4’, we agree with DOCOMO’s comment in the email discussion that there is no problem to support UE generate HARQ-ACK for both of the PDSCHs for following cases.
· HARQ-ACK bits are associated with different HARQ-ACK codebooks
· Both HARQ-ACK codebooks are Type 1
· Both HARQ-ACK codebooks are Type 2
· One codebook is Type 1 and the other codebook is Type 2
· HARQ-ACK bits are associated with the same HARQ-ACK codebook and the HARQ-ACK codebook is Type 2.
The remaining scenario to be further discussed would be the HARQ-ACK bits of overlapping PDSCHs are associated with the same HARQ-ACK codebook and the HARQ-ACK codebook is Type 1. In our view, as far as Type 2 codebook is configured is working, to design Type 1 codebook for the specific scenario that two overlapped PDSCHs correspond to the same HARQ-ACK codebook is not necessary and then, to configure such specific scenario is limited.
Proposal 9: When two unicast PDSCHs for a UE are overlapping, the UE generates HARQ-ACK for both of the PDSCHs.
· Following case is not supported in Rel.16: HARQ-ACK bits of overlapping PDSCHs are associated with the same HARQ-ACK codebook and the HARQ-ACK codebook is Type 1.

Out-of-order PUSCH
In previous meeting, basically following 5 solutions were identified for out-of-order PUSCH.
· Solution 1: The UE always processes the second PUSCH. The UE may or may not drop the processing of the first scheduled PUSCH.
· Solution 2: The UE processes both the first and second scheduled PUSCHs as a UE capability with no condition.
· Solution 3: The UE processes both the first and second scheduled PUSCHs under some conditions, e.g., using the CA capability. The conditions are reported as a UE capability.
· Solution 4-1: The UE always drops the first scheduled PUSCH.
· Solution 4-2: Some scheduling conditions should be defined. If not satisfied, the UE drops the processing of the first scheduled PUSCH.
The discussion depends on the conclusion of DL out-of-order operation. The similar cases, capabilities, and solutions should be applied.
Proposal 10: At least following case should be supported for Rel.16 NR URLLC.
· Out-of-order PUSCH operation is supported with a single processing time capability in the same carrier.
Proposal 11: At least following capability is supported for Rel.16 URLLC.
· When a single minimum processing capability is configured on a given carrier, and for the case of non-overlapping PUSCHs with out-of-order, a capability under which the UE processes all PUSCHs without dropping.
Proposal 12: If following capability is supported, the scheduling condition should be up to UE choice, i.e., the UE may or may not drop the processing of the PUSCH associated with the minimum processing timeline capability #1.
· When minimum processing timing capability #1 and #2 are mixed on the same carrier, and for the case of non-overlapping PUSCHs, a capability under which the UE processes the PUSCH associated with minimum processing timeline capability #2 and processes the PUSCH associated with the minimum processing timeline capability #1 under some scheduling conditions.

On handling of overlapping PUSCH grant prioritization, RAN2 agreed that for the case when no PDU has been generated at all yet, and there are two grants where one will be de-prioritized (and there is data available for both grants), one PDU is generated. In this case, MAC selects between grants and then poses only the selected MAC PDU to PHY. On the other hand, when earlier grant schedules later PUSCH, our understanding is it is up to UE implementation whether MAC PDU is given to PHY just before PHY transmission or given to PHY in the order of grant reception/identification. We would like to keep this aspect up to UE implementation. It depends on the processing time realization of MAC and PHY. When possible, MAC selects between grants, and then passes only the selected MAC PDU to PHY. The exact condition of “when possible” is up to UE implementation. If not possible, MAC generates a MAC PDU for each grant and provide the assistance information to PHY and PHY makes the prioritization based on the assistance information. Note that even former case (i.e., selection is carried out in MAC), to provide the assistance information to PHY is necessary for the decision of the priority comparison with HARQ-ACK of PDSCH.
On the assistance information to PHY, in our view, regardless of dynamic grant and configured grant, the determination of UL-SCH priority can be logical channel priority based approach. UE MAC determines UL-SCH priority based on the highest priority of LCH in the MAC PDU. UE MAC delivers the MAC PDU and UL-SCH priority information to PHY. This approach can unify the UE’s priority determination between SR and UL-SCH. As discussion in our contribution [2], UL-SCH priority at PHY layer does not necessarily have the same granularity level as the logical channel priority. For example, logical channel priority has 16 levels but PHY-level priority can have smaller number of levels such as 2 (high or low). In this case, the association rule between PHY-level priority and logical channel priority should be defined in the specification or configured by RRC. UE PHY should decide prioritization based on the PHY-level priority of UCI/UL-SCH.
Although we prefer the same scheme between dynamic grant PUSCH and configured grant PUSCH, for dynamic grant PUSCH, gNB can set the priority based on SR/BSR from the UE with taking into the priority account among different UEs and UE PHY is able to know the priority of logical channel from dynamic priority indication in PHY. Therefore, for dynamic grant PUSCH, the determination of UL-SCH priority based on PHY indication can also be considered.
Proposal 13: Regardless of grant type (dynamic grant/configured grant), following UE behaviour for UL prioritization is supported.
· When possible, MAC selects between grants, and then passes only the selected MAC PDU to PHY. The exact condition of “when possible” is up to UE implementation.
· If not possible, MAC generates a MAC PDU for each grant and passes them to PHY. 
Proposal 14: UE MAC determines UL-SCH priority based on the highest priority of logical channel in the MAC PDU. UE MAC delivers the MAC PDU along with the UL-SCH priority information to PHY.
Proposal 15: The granularity of PHY-level priority can be different from the number of levels of logical channel priority. The association rule between PHY-level priority and logical channel priority is defined in the specification or configured by RRC.

Conclusion
In this contribution, we discussed enhancement of scheduling and HARQ in Rel.16 URLLC. Our observation and proposals are as follows.
DL out-of-order HARQ and overlapped PDSCHs
Proposal 1: At least Case 0 in Proposal #1’ should be supported for Rel.16 NR URLLC.
· Case 0: Out-of-order HARQ-ACK operation is supported with a single processing time capability in the same carrier.
Proposal 2: Capability C in Proposal #2’ should be supported for Rel.16 NR URLLC.
Observation 1: To support Case 1 and Case 2 in Proposal #1’ for Rel.16 NR URLLC can be considered. The order of priorities of the cases should be Case 2 > Case 1.
· Case 1: Different minimum processing timeline capabilities can be configured to the PDSCH on the same carrier. Out-of-order HARQ-ACK operation is supported across PDSCHs of different minimum processing timeline capabilities.
· 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. Out-of-order HARQ-ACK operation is supported across PDSCHs of different processing timeline capabilities.
Proposal 3: If Case 1 and/or Case 2 is supported, Capability A and B in Proposal #2’ are supported.
· Capability A: When minimum processing timing capability #1 and #2 are mixed on the same carrier, and for the case of non-overlapping PDCHs, a capability under which the UE processes all PDSCHs without dropping.
· Capability B: When minimum processing timing capability #1 and #2 are mixed on the same carrier, and for the case of non-overlapping PDSCHs, a capability under which the UE processes the PDSCH associated with minimum processing timeline capability #2 and processes the PDSCH associated with the minimum processing timeline capability #1 under some scheduling conditions.
Proposal 4: For Capability B in Proposal #2’, the scheduling condition should be up to UE choice, i.e., the UE may skip decoding a transport block of the PDSCH associated with the minimum processing timeline capability #1.
Proposal 5: For out-of-order HARQ-ACK operation, when UE skip decoding a transport block of the PDSCH associated with the minimum processing timeline capability #1, UE generates NACK for the PDSCH.
Proposal 6: For Rel.16 NR, Capability A, B, and C in Proposal #3’ should be introduced for handling the collision between two unicast PDSCHs.
· Capability A: A capability under which a UE processes both PDSCHs under Scenario 1-1
· Capability B: A capability under which a UE processes both PDSCHs under Scenario 1-2
· Capability C: A capability under which a UE processes the high priority PDSCH and processes the low priority PDSCH under some scheduling conditions.
Proposal 7: For Capability C in Proposal #3’, the scheduling condition should be up to UE choice, i.e., the UE may skip decoding a transport block of the PDSCH associated with the low priority PDSCH.
Proposal 8: Whether the priority based on the order in time is workable for following potential scenarios should be clarified.
· Partial time overlap between CORESETs
· Analogue beamforming case limits which CORESET to schedule DCI 
Proposal 9: When two unicast PDSCHs for a UE are overlapping, the UE generates HARQ-ACK for both of the PDSCHs.
· Following case is not supported in Rel.16: HARQ-ACK bits of overlapping PDSCHs are associated with the same HARQ-ACK codebook and the HARQ-ACK codebook is Type 1.

Out-of-order PUSCH
Proposal 10: At least following case should be supported for Rel.16 NR URLLC.
· Out-of-order PUSCH operation is supported with a single processing time capability in the same carrier.
Proposal 11: At least following capability is supported for Rel.16 URLLC.
· When a single minimum processing capability is configured on a given carrier, and for the case of non-overlapping PUSCHs with out-of-order, a capability under which the UE processes all PUSCHs without dropping.
Proposal 12: If following capability is supported, the scheduling condition should be up to UE choice, i.e., the UE may or may not drop the processing of the PUSCH associated with the minimum processing timeline capability #1.
· When minimum processing timing capability #1 and #2 are mixed on the same carrier, and for the case of non-overlapping PUSCHs, a capability under which the UE processes the PUSCH associated with minimum processing timeline capability #2 and processes the PUSCH associated with the minimum processing timeline capability #1 under some scheduling conditions.
Proposal 13: Regardless of grant type (dynamic grant/configured grant), following UE behaviour for UL prioritization is supported.
· When possible, MAC selects between grants, and then passes only the selected MAC PDU to PHY. The exact condition of “when possible” is up to UE implementation.
· If not possible, MAC generates a MAC PDU for each grant and passes them to PHY. 
Proposal 14: UE MAC determines UL-SCH priority based on the highest priority of logical channel in the MAC PDU. UE MAC delivers the MAC PDU along with the UL-SCH priority information to PHY.
Proposal 15: The granularity of PHY-level priority can be different from the number of levels of logical channel priority. The association rule between PHY-level priority and logical channel priority is defined in the specification or configured by RRC.
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Appendix:	Previous agreements
RAN1 #AH1901
Agreements: 
· For supporting the out-of-order PDSCH-to-HARQ and PDCCH-to-PUSCH between two HARQ processes on the active BWP of a given serving cell, the companies are encouraged to perform further analysis, including at least the following aspects:
· The details of the dropping rules if allowed
· The conditions (if any) under which the UE is expected to process the out-of-order channels

RAN1 #96
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 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.
· 
· 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 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.

RAN1#96bis
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.

RAN1#97
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 pipeline 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.
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