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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. 
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.

Conclusion:
· Study further whether/how to support the following scenarios for the handling of two unicast PDSCHs:
· 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 
· 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.
· 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.

For this meeting, companies’ contributions [xx-xx] provide discussions related to out-of-order HARQ, uplink scheduling and PDSCH collision as summarized in Sections 2, 3 and 4, repesctively. The additional topics are summarized in Section 5. Section 6 presents the proposals for discussion during RAN1#99.
Out-of-Order PDSCH-to-PUCCH
This section summarizes the proposals from the companies on whether different processing timing capabilities should be allowed on the same cell for PDSCH scheduling, and their views about the four different solutions.

	Company
	Proposals

	Huawei/HiSi
	· The case of single processing timeline on a given cell with no overlap should be supported.
· The case of multiple processing timelines configured on a given carrier should be discussed further.
· The case of additional DMRS and cap#2 configured on a given carrier should be supported.
· For CBG-based PDSCH, define the scheduling condition of solution 4-2 with reference to the last decoded CBG.
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	vivo
	· When a single DL processing time is configured on the same serving cell and two non-overlapping PDSCHs with out of order HARQ operation. 
· If UE supports this capability, both PDSCHs are always processed, except 
· The Rel. 15 UE fallback to capability 1 and dropping behaviour for SCS = 30KHz when a UE reports pdsch-ProcessingType2-Limited. 

· The case of multiple minimum processing timelines configured on a given carrier is supported in Rel. 16 URLLC.

· When both minimum processing timeline Capability #1 and Capability #2 are configured on the same serving cell and two non-overlapping PDSCHs with out of order HARQ operation, the following UE capabilities should be supported 
· Capability A: The UE always processes both PDSCHs. The minimum processing of PDSCHs is derived by CORESET where the scheduling DCI is detected or DCI size of scheduling DCI.
· When both minimum processing timeline Capability #1 and Capability #2 are configured on the same serving cell and two non-overlapping PDSCHs with out of order HARQ operation, the following UE capabilities should be supported
· Capability B: The UE always processes the PDSCH associated with capability 2. UE may skip decoding the PDSCH associated with capability 1.
·  It should be clarified whether it needs that the minimum processing timeline is known by the UE before decoding the DCI. If it needs, the minimum processing timeline indication can base on CORESET where the scheduling DCI is detected or DCI size of scheduling DCI.

	Ericsson
	· [bookmark: _Toc24158041][bookmark: _Toc21381608]Support UE type X for out-of-order  operation in downlink on a single carrier with different minimum processing time capability. In case of overlapping PDSCHs, the high priority PDSCH is processed with faster capability processing chain and the low priority PDSCH is processed with the slower capability chain.
· [bookmark: _Toc24158042]Support UE type Y for out-of-order operation in downlink for both PDSCHs on a single carrier with single minimum processing time capability. In case of overlapping PDSCHs, the high priority (i.e., later) PDSCH is processed and the low priority (i.e., earlier PDSCH may not be processed.
· [bookmark: _Toc24158043]Regardless of a UE type with single or multi-processing cpability, all DCI formats should be available for its processing on either processing chain.
· Out-of-order operation between the PDSCHs of different SPS allocations should be allowed.




	Intel
	· At least the following cases are supported in Rel-16
· Support of OoO HARQ-ACK two unicast and non-overlapping PDSCHs on a carrier with a single minimum processing timeline capability

	Sony
	· Support Case 2, i.e. the case where 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 for this case.
· For Out-of-Order HARQ-ACK operation with different minimum processing timeline capabilities:
· A low priority PDSCH is associated with UE processing timeline capability 1
· A high priority PDSCH is associated with UE processing timeline capability 2
· The UE signals to the network whether it uses a single processing timeline capability or two processing timeline capabilities for PDSCH with different priority levels.

	LGE
	· The case of single processing time on a carrier with and without overlap across the PDSCHs is supported. In case of overlap, a UE capability to process both PDSCHs as well as a UE capability to only process a high priority PDSCH are supported.

· The case of multiple processing timelines configured on a carrier is supported. The UE capability to process both PDSCHs as well as a UE capability to only process the high priority PDSCH under some scheduling constraints is supported.

	Panasonic
	· The out-of-order HARQ operation for two unicast and non-overlapping PDSCHs on a carrier with a single minimum processing timeline capability” should be supported for Rel.16 NR URLLC.
· Case 2 in the offline proposal in the last meeting “Collision handling between two overlapping unicast PDSCHs on a carrier configured with a single minimum processing timeline capability’ should be supported for Rel.16 NR URLLC. In addition, agree the contents under Case 2 in the offline proposal in the last meeting.
· Although there is no strong motivation to support Case 3 “Both minimum processing timeline Capability 1 and Capability 2 for UE can be configured on a given carrier and different PDSCHs can be associated with different minimum processing timeline on a given carrier,” the contents under Case 3 in the offline proposal in the last meeting is reasonable, and we are OK to support Case 3 and to agree the contents under Case 3.

	InterDigital
	· A UE with capability “A” can report a maximum number of PDSCHs that can be processed in parallel for each type of processing capability (capability 1 or capability 2).
· A UE with capability “A” can be configured to enable parallel PDSCH processing on a serving cell, where one PDSCH follows capability 1 and a second PDSCH follows capability 2.
· A UE with capability “B” can report a maximum number of carriers for which the UE always processes the PDSCH associated with processing capability #2 and processes the PDSCH associated with the processing capability #1 under some scheduling conditions.
· RRC configures separate search space sets corresponding to each PDSCH processing capability configured on the same carrier.
· UE does not expect that a PDCCH candidate in a search space set corresponding to a first configured PDSCH processing capability uses a same set of CCEs for the same DCI size as a PDCCH candidate in a search space set corresponding to a second configured PDSCH processing capability.

	ZTE
	· Support out-of-order HARQ with a single processing timeline and non-overlapping PDSCHs.
· Support out-of-order HARQ with two different processing timelines when additional DMRS and cap#2 are configured on a carrier.

	MTK
	· Support Out-of-order HARQ-ACK operation with a single processing time capability in the same carrier.
· Case-1 shouldn’t be considered in Rel-16 and could be evaluated and specified in the power saving WI if needed. 
· Case-2 is not relevant to the mobility scenarios identified in the URLLC use cases and shouldn’t be considered further in this WI. 
· No association between the CORESETs, the search space or the DCI size and the minimum processing timelines. 
· The minimum processing timeline of a given PDSCH is inferred from the DCI (such as RB allocation, time domain allocation, etc.)
· Remove the support of mixed minimum processing timeline Capability #1 and Capability #2 on the same carrier from the proposal.

	CATT
	· Support the scenario where a single processing time is configured on a given carrier and there is no overlap.
· Support the scenario where additional DMRS and cap#2 are configured on a carrier.

	Samsung
	· The case of a single processing timeline on a carrier with no overlap should be supported.
· The case where the UE is configured with cap#2 and additional DMRS on a carrier should be supported. The UE always processes the high priority PDSCH, and may drop the low priority PDSCH if the scheduling conditions are not satisfied.

	OPPO
	· When the PHY identification of HARQ-ACK codebook is configured, the UE does not expect the priority of the later PDSCH with earlier HARQ-ACK feedback is lower than the earlier PDSCH with later HARQ-ACK feedback.
· Different PDSCHs for different service types should follow different PDSCH processing time capabilities to save UE power.

	Nokia/NSB
	· Support out-of-order HARQ-ACKs between two non-overlapping PDSCHs for the PDSCHs associated with the same processing time. 
· Support out-of-order HARQ-ACKs for the case when additional DMRS and PDSCH processing time capability #2 can be configured simultaneously on the same carrier and the PDSCH with additional DMRS follows the minimum PDSCH processing time capability #1.  
· RAN1 should specify a hybrid solution combining solution 3 and solution 4 alternative 2 for the support of out-of-order HARQ-ACK for two non-overlapping PDSCHs. If the restriction condition(s) of the solution 3 capability are fulfilled, the UE will process both PDSCHs without any further conditions. Otherwise, the solution 4-2 scheduling conditions apply. 
· On dropping the processing of the first PDSCH in Solution 4, support dropping the processing of the first PDSCH on the same serving cell only.

	III
	· Support the case of a single processing timeline on a carrier, two processing timelines configured on a carrier as well as the case where the UE is configured with additional DMRS and cap#2 on a carrier.

	Apple
	· Using Proposal #2-10 [20] as a starting point for further discussion on OOS for PDSCHs, focus on Case 3-a and Case 3-b, and further clarify points under Case 3-a and Case 3-b, including the control channel aspect.

	NTT DOCOMO
	· Support the proposal #2-10 in [20] with an exception, which is to remove the last sentence saying “Both Options 1 and 2 of enhanced PDCCH design under AI 7.2.6.1 for Rel. 16 URLLC are supported.”

	Qualcomm
	· Support the case where the UE is configured with two minimum processing timelines on a given carrier. 
· Different CORESETs are used to schedule PDSCHs with different processing timelines.
· The UE processes all PDSCHs without dropping using a CA framework.



Handling Collision between Two Unicast PDSCHs 
	Company
	Proposals

	Huawei/HiSi
	· The case of overlapping PDSCHs should be supported for both when a single or multiple processing timelines are assumed on a carrier.
· For the UE which has the capability of processing both overlapping PDSCHs, the UE behavior should be the same in Scenario 1-1 and in Scenario 1-2.
· For the UE which doesn’t have the capability of processing both overlapping PDSCHs, no scheduling condition should be identified. The UE only processes the high priority PDSCH and the UE always skips decoding the low priority PDSCH.

	vivo
	· When a single DL processing time is configured on the same serving cell and two overlapping PDSCHs with out of order HARQ operation, the following UE capabilities should be supported 
· Capability A :The UE always processes both PDSCHs under both Scenario 1-1 and 1-2. 
· Capability B: The UE always processes the high priority PDSCH and may skip decoding the low priority PDSCH under both Scenario 1-1 and 1-2. 
· When a single DL processing time is configured on the same serving cell and two overlapping PDSCHs with out of order HARQ operation, PDSCH priority is determined based an addition of a bit in the DCI.
· When both minimum processing timeline Capability #1 and Capability #2 are configured on the same serving cell and two overlapping PDSCHs with out of order HARQ operation, the following UE capability should be supported 
· Capability A: The UE always processes both PDSCHs, the minimum processing of PDSCHs is derived by CORESET where the scheduling DCI is detected or DCI size of scheduling DCI.
· When both minimum processing timeline Capability #1 and Capability #2 are configured on the same serving cell and two overlapping PDSCHs with out of order HARQ operation, the following UE capability should be supported 
· Capability B: The UE processes the high priority PDSCH and may skip decoding the low priority PDSCH, the priority determination can base on CORESET or DCI size.
· It should be clarified whether it needs that the minimum processing timeline is known by the UE before decoding the DCI. If it needs, the minimum processing timeline indication can base on CORESET where the scheduling DCI is detected or DCI size of scheduling DCI.

	CATT
	· 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.

	Samsung 
	· Define a capability under which the UE processes both PDSCHs under Scenario 1-1, under scenario 1-2 and a capability under which the UE only processes the high priority PDSCH. 
· First scheduled PDSCH is lower priority PDSCH and second scheduled PDSCH is higher priority PDSCH.

	Ericsson
	· Support UE type X for out-of-order  operation in downlink on a single carrier with different minimum processing time capability. In case of overlapping PDSCHs, the high priority PDSCH is processed with faster capability processing chain and the low priority PDSCH is processed with the slower capability chain.
· Support UE type Y for out-of-order operation in downlink for both PDSCHs on a single carrier with single minimum processing time capability. In case of overlapping PDSCHs, the high priority (i.e., later) PDSCH is processed and the low priority (i.e., earlier PDSCH may not be processed.
· Regardless of a UE type with single or multi-processing cpability, all DCI formats should be available for its processing on either processing chain.
· [bookmark: _Toc16899541][bookmark: _Toc21381606][bookmark: _Toc24158048]If UE processes the earlier PDSCH punctured (overlapping) with the later PDSCH, then the UE may assume that the earlier PDSCH processing does not include the punctured part belonging to the later PDSCH. 

	LGE
	· The case of single processing time on a carrier with and without overlap across the PDSCHs is supported. In case of overlap, a UE capability to process both PDSCHs as well as a UE capability to only process a high priority PDSCH are supported.
· The case of multiple processing timelines configured on a carrier is supported. The UE capability to process both PDSCHs as well as a UE capability to only process the high priority PDSCH under some scheduling constraints is supported.

	Nokia/NSB
	· For handling the two overlapping PDSCHs with Capability C, the UE always processes the high priority (later scheduled) PDSCH and drops the low priority (earlier scheduled) PDSCH without any scheduling condition under both Scenarios 1-1 and 1-2. The UE does not expect to receive the earlier scheduled PDSCH from the starting symbol of the later scheduled PDSCH.
· The overlapping PDSCHs can be associated with the same or different minimum processing timelines.
· The later scheduled PDSCH has higher priority than the earlier scheduled PDSCH in case a UE receives two DL assignments that indicate PDSCH resource allocations overlapping in time.
· Generate HARQ-ACKs for both of the two overlapping PDSCHs when HARQ-ACKs of the two overlapping PDSCHs are associated with the same or different HARQ-ACK codebook construction procedures for both type-1 and type-2 HARQ-ACK codebook constructions. In case the HARQ-ACKs bits of the two overlapping PDSCHs are associated with the same type-1 codebook construction, the bit-index allocation is based on the timing gap between the starting symbols of the current and the next PDSCH candidates.

	Panasonic
	· 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.

	III
	· Support UEs decode both the high priority PDSCH and the low priority PDSCH in overlapping Scenario 1-1 under some scheduling conditions. 
· Confirm the working assumption “When the two unicast PDSCHs for a UE are overlapping, the UE generates HARQ-ACK for both of the PDSCHs.” 

	MTK
	· Case 2-b and Case 2-c (UE processing all PDSCHs in case of overlap or drop the low priority PDSCH) should be supported by Rel-16 UEs for the handling of the collision between two overlapping unicast PDSCHs on a carrier configured with a single processing timeline capability. 
· Priority could be deduced from the starting symbol of the PDCCH for Case 2-b. 

	Qualcomm
	· In case two unicast PDSCHs overlap, under both Scenario 1-1 and 1-2, they should be assumed to be assigned different priorities.
· The HARQ-ACK codebook indicator is used to indicate the priority of PDSCHs under both Scenario 1-1 and 1-2. If two minimum processing time capabilities are configured on a carrier, the PDSCH associated with timing capability #2 should be associated with a high priority codebook, and the PDSCH associated with the timing capability #1 should be associated with a low priority codebook.

	NTT DOCOMO
	· Support the proposal #2-10 with an exception, which is to remove the last sentence saying “Both Options 1 and 2 of enhanced PDCCH design under AI 7.2.6.1 for Rel. 16 URLLC are supported.”

	ZTE
	· Collision handling between two overlapping unicast PDSCHs on a carrier configured with a single minimum processing timeline capability, 
· Case 2-a: The UE always processes both PDSCHs under both Scenario 1-1 and 1-2 
· Both PDSCHs are decoded without any modification in Scenario 1-2
· Case 2-b: The UE always processes the high priority PDSCH and may skip decoding the low priority PDSCH under both Scenario 1-1 and 1-2 
· The two unicast PDSCHs are scheduled by respective PDCCHs with different starting symbols.
· For each of Case 2-a and 2-b, the UE reports whether the case is supported or not.
· A unified solution for explicit PDSCH priority indication is supported for both Case 2-a and 2-b, 
·  Support relative indication for explicit PDSCH priority indication relative to the previous scheduled data. 
· Different DL processing times are associated with different PDSCHs on the same serving cell,
· The UE always processes the PDSCH associated with capability 2
· The UE processes the PDSCH associated with capability 1 if its last symbol is at least N1 symbols before the start of the PDSCH associated with capability 2. 
· N1 is the minimum processing timeline for capability 1.
· Otherwise, the UE may skip decoding the PDSCH associated with capability 1. 
· HARQ-ACK should be reported for the PDSCH associated with capability 1.

	Intel
	· At least the following cases are supported in Rel-16
· Support of two overlapping unicast PDSCHs on a carrier configured with a single minimum processing timeline capability
· For this case, the baseline UE behavior is based on prioritization and dropping of the earlier-scheduled PDSCH.

· PHY layer service differentiation or explicit priority assignment are not necessary for DL intra-UE prioritization. 

· In case of DL data/data resource conflicts for overlapping PDSCHs in time-domain for both Scenarios 1-1 and 1-2, scheduled by dynamic DL assignments, following Capability C (UE processes the high priority PDSCH and processes the low priority PDSCH under some scheduling conditions), the UE prioritizes the second scheduled PDSCH and may terminate the processing of the earlier scheduled PDSCH.
· The UE shall generate a NACK if the processing of the first scheduled PDSCH is terminated.
· The UE is not expected to receive the first scheduled PDSCH from the starting symbol of the time-domain overlap.

	OPPO
	· When multiple PDSCHs are scheduled with time-domain overlapping, the UE shall decode the PDSCH with highest priority, and the UE may or may not decode/buffer the PDSCH with lower priority based on UE implementation, if no preemption indication to the PDSCH with lower priority is received.

	InterDigital
	· In case of overlap between PDSCHs, the UE determines the priority of a PDSCH based on HARQ-ACK priority indication from associated DCI, unless the UE reports a capability to derive PDSCH priority based on DCI timing.



Out-of-Order PDCCH-to-PUSCH 
	Company
	Proposals

	ZTE
	· If the first scheduled PUSCH and the second scheduled PUSCH are colliding in the time domain and the first scheduled PUSCH has started transmission, define the ending symbol from where the UE should stop transmission of the first PUSCH.


· In case UCI was present in the dropped portion of the PUSCH, study how to handle it.

	CATT
	· 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 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.

	Samsung
	· For same minimum processing capability, solution 2 should be the baseline. In case of overlap between the PUSCHs, the UE drops the first scheduled PUSCH. In case of first scheduled PUSCH repetition, the UE drops a repetition of the first scheduled PUSCHs individually that overlaps with the second scheduled PUSCH in the time domain. 

	Ericsson 
	· Unlike the downlink out-of-order operation where UEs can be supported with multiple capabilities, in case of uplink, the UE should always be configured single capability (single processing chain), and thus, the out-of-order operation behavior can be characterized accordingly whether the different PUSCHs (e.g., earlier high priority URLLC PUSCH followed by low priority eMBB PUSCH) overlap or not.

	OPPO
	· 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.

	Intel
	· 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 end 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. Under the condition that the two PUSCHs do not overlap in time:
· The UE only expects a maximum of one OOO PDCCH-to-PUSCH flow on the active BWP of a given serving cell.
· The UE processes both the first scheduled and second scheduled PUSCHs as a UE capability (e.g., oOO-PUSCH-processBoth) with no new condition (Solution 2).
· A UE that does not indicate support of this capability may still support the capability of processing the second UL grant and transmit the corresponding PUSCH in case of OOO PUSCH scheduling and may drop transmission of the first PUSCH (referred to here as oOO-PUSCH-processSecond).

· 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 end 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. 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.

	Sony
	For an Out-of-Order PUSCH scheduling where a 1st UL Grant schedules a 1st PUSCH and a 2nd UL Grant schedules a 2nd PUSCH and the 1st UL Grant is sent before the 2nd UL Grant but the 1st PUSCH is transmitted after the 2nd PUSCH,  the UE can prepare and transmit both PUSCHs if the time between the end of the 1st UL Grant and the start of the 1st PUSCH is greater than a threshold.  Otherwise the UE drops the 1st PUSCH.
[image: ]

	LGE
	· 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 all PUSCHs without dropping.
· Indicate the number of carriers that the UE is capable of processing both two PUSCHs simultaneously 
· FFS how the minimum processing time of the PUSCHs is indicated.
· Capability B: 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. 
· Indicate the number of carriers that the UE is capable of processing both two PUSCHs simultaneously with the scheduling condition 
· The scheduling conditions includes
· Timing gap between two PDCCHs scheduling PUSCHs
· Timing gap between two PUSCHs
· If the scheduling conditions are not satisfied, the UE skips decoding the low priority (or the earlier scheduled) PUSCH.
· FFS how the minimum processing time of the PUSCHs is indicated.
· FFS on how to handle UCI of the first scheduled PUSCH if the PUSCH is dropped/terminated/skipped.
· Capability C: When a single minimum processing capability is configured on a given carrier, and for the case of non-overlapping PUSCHs, a capability under which the UE processes all PUSCHs without dropping.
· FFS the details of the capability signaling

	Nokia/NSB
	· For the support of out-of-order PUSCH scheduling, consider further solutions 2, 3 and 4-2 taking into account the potential pipelining impact.
· On dropping the processing of the first scheduled PUSCH in Solution 4, support dropping the processing of the first scheduled PUSCH on the same serving cell only.
· Support out-of-order scheduling only for the case two PUSCHs are associated with the same PUSCH processing capability. 
· When the low priority PUSCH and the high priority PUSCH are colliding in the time domain, the UE cancels (including stopping) the transmission of the low priority PUSCH as early as possible but no later than the first symbol of the high priority PUSCH transmission.
· In case the colliding PUSCHs have the same priority, the UE cancels (including stopping) the transmission of the first scheduled PUSCH as early as possible but no later than the first symbol of the second scheduled PUSCH transmission.

	Panasonic
	· At least following case should be supported for Rel.16 NR URLLC.
· The out-of-order PUSCH operation for two unicast and non-overlapping PUSCHs on a carrier with a single minimum processing timeline capability
· Collision handling between two overlapping unicast PUSCHs on a carrier configured with a single minimum processing timeline capability.

	Qualcomm
	· Support the case where the UE is configured with two minimum processing timelines on a given carrier. 
· Different CORESETs are used to schedule PUSCHs with different processing timelines.
· The UE processes all non-overlapping PUSCHs without dropping using a CA framework.
· In case two PUSCHs overlap in the time domain, the UE processes the high priority PUSCH and drops the low priority PUSCH. The priority of PUSCH is indicated explicitly at the PHY layer.



Additional Aspects:
TPC Accumulation under the Out-of-Order Uplink 
DOCOMO:
This paper argues that with out-of-order operation, some of the TPCs may be outdated, and proposes to consider TPC overwriting to handle the issue.
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· Overwriting TPC should be considered for out-of-order of PUSCH scheduling
· UE may transmit first scheduled PUSCH with more up-to-date TPC to second scheduled PUSCH.

TPC accumulation with different adjustment state for different traffics should be supported in case of eMBB/URLLC multiplexing regardless of whether OOO happens
TPC command for eMBB traffic should be accumulated for both eMBB and URLLC traffic, while TPC command for URLLC traffic should be accumulated only for URLLC traffic.

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.

Nokia:
This paper argues that there is no issue with TPC accumulation even when PUSCHs are out of order. The reason is that the TPC accumulation is based on the PDCCH orders, which are always in order.
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Example of in order TPC commands accumulation.
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Example of out-of-order TPC commands accumulation.
InterDigital:
When HARQ-ACK or PUSCH are scheduled out-of-order, application of closed-loop TPC adjustments do not work as intended, resulting in unwanted excessive adjustments for PUCCH or PUSCH transmissions scheduled with a longer delay.
· The PUCCH power control adjustment state is specific to the priority level of the carried HARQ-ACK/SR.
· The PUSCH power control adjustment state is specific to the priority level of PUSCH.

New Rate-Matching Behavior for PDSCH/PDCCH Collision 
In [3], the issue of scheduling a second, more urgent, transmission via a second PDCCH is investigated, and the cases depicted in the figure below are identified:
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Intra-UE DL prioritization cases with PDCCH.
As shown in the figure, the second PDCCH or the second PDSCH may overlap with the first PDSCH. For these cases, it is proposed that:
Proposal: Rel. 16 supports rate-matching or puncturing rules for PDSCH w.r.t. received PDCCHs that did not schedule the PDSCH.
PHY-Layer Differentiation for DL-PI
To make sure that the UE supports both URLLC and eMBB does not flush its buffer associated with URLLC, a PHY-layer differentiation to indicate the priority of the PDSCHs should be introduced [2].
Overlapping PDCCH and PDSCH
This issue is raised in [2]. The UE can monitor DCI on resources that are already allocated to a PDSCH. If a DCI is detected, the corresponding eMBB resources are assumed to be punctured in the PDSCH decoding, or, alternatively the earlier scheduled PDSCH is dropped. The PDSCH processing time N1 of the PDSCH may need to be extended.
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Out-of-Order Operation with BWP Switching
This issue is raised in [2]. According to 38.213, when the active BWP is switched by a scheduling DCI, the UE is not required to send or to receive until the start of the slot that contains the scheduled transmission. This is valid for both UL and DL.
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For Rel-16 it is proposed in [2] that a UE can expect to receive and to transmit (at least for high priority service data scheduling) in the beginning of the slot directly after the BWP switch delay.  

Number of PDSCHs/PUSCHs per Slot as a UE Capability
The following issue is raised in [11]: FG 5-11 to FG 5-13 describe the number of unicast PUSCHs or PDSCHs UE can support. In case of overlapping PUSCH/PDSCH, DL reception/UL transmission will be partially or fully cancelled. All these cases involve a UE at least potentially partially processing PDSCH and PUSCH, and hence, those PDSCH and PUSCH should be counted. 
PHR for Out-of-Order PUSCH
The following issue is raised in [11]:
In Rel-15, multiple type-B mapping PUSCHs in one slot are scheduled by in-order UL grant, if multiple PUSCHs in one slot overlap with a slot of PHR carrying PUSCH, the first PUSCH is used to calculate PHR. In Rel-16, multiple type-B mapping PUSCHs in one slot are scheduled by out-of-order UL grant, if multiple PUSCHs in one slot overlap with a slot of PHR carrying PUSCH, the DCI scheduling the first PUSCH may be later than the DCI scheduling PHR carrying PUSCH (does not meeting processing requirement), and the DCI scheduling the second PUSCH may be earlier than the DCI scheduling PHR carrying PUSCH (meeting processing requirement), therefore, the first PUSCH meeting processing requirement in the slot overlaps with a slot of PHR carrying PUSCH is used to calculate PHR as shown in Figure. 



The first PUSCH meeting processing requirement in the slot overlaps with a slot of PHR carrying PUSCH is used to calculate PHR.
Proposals for RAN1 #99
Proposal #1: For Rel. 16 URLLC, the following UE capabilities and behaviors are supported:

UE capability Z:
· The out-of-order HARQ operation for two unicast and non-overlapping PDSCHs on a carrier with a single minimum processing timeline capability
· Both PDSCHs are always processed by the UE except:
· When the UE has reported pdsch-ProcessingType2-Limited; in that case, the Rel. 15 UE fallback to capability 1 and dropping behaviour for SCS = 30KHz is supported. 
· All PDSCHs satisfy all Rel-15 TB processing limitations that are applicable to TBs within a CC, e.g. the 14-symbol data rate limitation in Section 5.1.3 of 38.214; if the limitations are not satisfied, the UE considers the event as an error case.
· Note: This capability only requires a UE to perform HARQ-ACK buffering for the earlier PDSCH in case PDSCH-to-PUCCHs are scheduled in an out-of-order manner. No other enhancement is expected to be supported by a UE as compared to Rel. 15 NR.
· Note: Handling PUCCH collision with different priorities is not part of this UE capability.
· This capability is reported separately for when the single minimum processing time is Capability #1 or Capability #2.
· 
UE capability A: 
· Minimum processing timeline Capability #1 and Capability #2 for a UE are configured on a given carrier and different PDSCHs can be associated with different minimum processing timeline on a given carrier.
· The minimum processing timeline is known by the UE before decoding the DCI.
· FFS how the minimum processing of PDSCHs is derived, e.g., by CORESET, non-overlapping search space, DCI formats with non-aligned sizes.  
· The UE processes PDSCHs associated with different minimum processing timelines without dropping when they are non-overlapping or overlapping under both Scenario 1-1 and Scenario 1-2. 
· Both PDSCHs are decoded without any modification in Scenario 1-2.
· The PDSCHs associated with the same minimum processing time capability should not be overlapped in the time domain.
· The PDSCHs associated with the same minimum processing time capability should not be scheduled with an out-of-order PUCCH.
· Out-of-order PUCCH across PDSCHs configured with different minimum processing time capabilities is supported. 
· If the UE reports pdsch-ProcessingType2-Limited, for PDSCH(s) scheduled with PDCCH associated the same minimum processing time capability at Cap #2, the Rel. 15 UE fallback to capability 1 and dropping behaviour for SCS = 30KHz is supported.
· The PDSCHs associated with the same minimum processing time capability satisfy all Rel-15 TB processing limitations that are applicable to TBs within a CC, e.g., the 14-symbol data rate limitation in Section 5.1.3 of 38.214.
· The PDSCHs associated with different minimum processing time capability do not need to jointly satisfy those Rel-15 TB processing limitations that are applicable to TBs within a CC, e.g., the 14-symbol data rate limitation in Section 5.1.3 of 38.214.
· Additional DMRS can be configured simultaneously on the same carrier configured with minimum processing timeline Capability #2 and capability #1.
· Additional DMRS is not applicable to the PDSCH associated with Capability #2.
· Note: If the UE reports the support for capability A, the UE supports capability Z as well. The gNB can configure the UE to operate based on either capability Z or capability A on a given carrier.
UE capability B:
· Collision handling between two overlapping unicast PDSCHs on a carrier configured with a single minimum processing timeline capability:
· The PDSCH that is scheduled by a PDCCH with the later starting symbol is of a higher priority.
· The low priority and high priority PDSCHs are scheduled by respective PDCCHs with different starting symbols. 
· The UE always processes the high priority PDSCH and may skip decoding the low priority PDSCH under both Scenario 1-1 and 1-2.
· The minimum processing timing capability of the high priority PDSCH is extended by d symbols. FFS the value of d per SCS. FFS if d per SCS can be reported as a UE capability. 
· The value of d is smaller than or equal to 2 symbols for all SCSs.
· This capability is reported separately for when the single minimum processing time is Capability #1 or Capability #2.
· Additional DMRS and capability #2 can be configured simultaneously on the same carrier. A PDSCH with an additional DMRS follows minimum processing timing capability #1.
· The UE may drop the processing of a first PDSCH if (i) the first PDSCH is scheduled with more than 4 symbols duration and (ii) the second PDSCH, scheduled with no more than 4 symbols duration, starts within N1 symbols from the end of the first PDSCH; otherwise, the UE processes all non-overlapping PDSCHs.
· N1 is the minimum processing timeline of the PDSCH with additional DMRS.
· These two PDSCH-to-PUCCHs can be in order or out of order.
· Note: If the UE reports the support for capability B, the UE supports capability Z as well. The gNB can configure the UE to operate based on capability Z and capability B on a given carrier.

Additional Capabilities and notes added after the last official offline session:
UE capability C:
· Collision handling between two overlapping unicast PDSCHs on a carrier configured with a single minimum processing timeline capability:
· The UE processes both PDSCHs without dropping under both Scenario 1-1 and 1-2.
· This capability is reported separately for when the single minimum processing time is Capability #1 or Capability #2.
· Additional DMRS and capability #2 can be configured simultaneously on the same carrier. A PDSCH with an additional DMRS follows minimum processing timing capability #1.
· The UE may drop the processing of a first PDSCH if (i) the first PDSCH is scheduled with more than 4 symbols duration and (ii) the second PDSCH, scheduled with no more than 4 symbols duration, starts within N1 symbols from the end of the first PDSCH; otherwise, the UE processes all non-overlapping PDSCHs.
· N1 is the minimum processing timeline of the PDSCH with additional DMRS.
· These two PDSCH-to-PUCCHs can be in order or out of order.
· Both pdschs are decoded without any modification under scenario 1-2.
· Note: If the UE reports the support for capability C, the UE supports capability Z as well. The gNB can configure the UE to operate based on capability Z and capability C on a given carrier.

UE capability D: 
· Minimum processing timeline Capability #1 and Capability #2 for a UE are configured on a given carrier and different PDSCHs can be associated with different minimum processing timeline on a given carrier.
· The UE always processes the PDSCH associated with capability 2
· The UE processes the PDSCH associated with capability 1 if its last symbol is at least N1 symbols before the start of the PDSCH associated with capability 2. 
· N1 is the minimum processing timeline for capability 1.

· Otherwise, the UE may skip decoding the PDSCH associated with capability 1. 
· HARQ-ACK should be reported for the PDSCH associated with capability 1.
· If RAN1 supports extending the minimum processing of the PDSCH associated with capability #2 by d symbols in case the PDSCH associated with capability 1 needs to be dropped, the value of d should be less than or equal to 2 symbols at least for SCS = 15/30KHz.
· Note: If the UE reports the support for capability A2, the UE supports capability Z as well. The gNB can configure the UE to operate based on either capability Z or capability A2 on a given carrier.

The capability for UL collision handling can be reported separately for each of the above UE capabilities.



Proposal #2: For Rel. 16 URLLC, the following cases are supported:

UE capability A:
· When a single minimum processing timeline capability is configured on a given carrier:
· Out-of-order PUSCH scheduling for two unicast, one high priority and one low priority, and non-overlapping PUSCHs is supported. Both PUSCHs are processed by the UE.
· Collision handling between two overlapping unicast PUSCHs (at least in the time domain), one of high priority and one low priority, on a carrier configured with a single minimum processing timeline capability is supported.
· The UE always processes the high priority PUSCH and terminates the processing/transmission of the low priority PUSCH. The low priority PUSCH transmission should be stopped starting from the first overlapping symbol at the latest.
· The minimum processing timing capability of the high priority PUSCH is extended by d symbols. FFS the value of d per SCS. FFS if d per SCS can be reported as a UE capability. 
· The value of d is smaller than or equal to 2 symbols for all SCSs.
· The low priority and high priority PUSCHs need not be scheduled by respective PDCCHs with different starting symbols.
· Both minimum processing timeline Capability #1 and Capability #2 for a UE can be configured on a given carrier and different PUSCHs can be associated with different minimum processing timeline on a given carrier.
· The minimum processing timeline is known by the UE before decoding the DCI.
· FFS how the minimum processing of PUSCHs is derived, e.g., by CORESET, non-overlapping search space, DCI formats with non-aligned sizes.  
· The UE processes PUSCHs associated with capability #1 and #2 without dropping when they are non-overlapping.
· The UE always processes the PUSCH associated with capability #2 and terminates the processing/transmission of the PUSCH associated with capability #1 when they are overlapping at least in the time domain.
· The PUSCHs associated with the same minimum processing time capability should not be overlapped in the time domain.
· Out-of-order PUSCH scheduling across PUSCHs configured with different minimum processing time capabilities is supported. 

UE capability B:
· When a single minimum processing timeline capability is configured on a given carrier:
· Out-of-order PUSCH scheduling for two unicast and non-overlapping PUSCHs, one of high priority and one of low priority, is supported. Both PUSCHs are processed by the UE.
· Collision handling between two overlapping unicast PUSCHs, one of high priority and one low priority, on a carrier configured with a single minimum processing timeline capability is supported.
· The UE always processes the high priority PUSCH and terminates the processing/transmission of the low priority PUSCH. The low priority PUSCH transmission should be stopped starting from the first overlapping symbol at the latest.
· The low priority and high priority PUSCHs are scheduled by respective PDCCHs with different starting symbols. 
· The minimum processing timing capability of the high priority PUSCH is extended by d symbols. FFS the value of d per SCS. FFS if d per SCS can be reported as a UE capability. 
· The value of d is smaller than or equal to 2 symbols for all SCSs.
· Both minimum processing timeline Capability #1 and Capability #2 for a UE can be configured on a given carrier and different PUSCHs can be associated with different minimum processing timeline on a given carrier.
· FFS how the minimum processing of PUSCHs is derived, e.g., by CORESET, non-overlapping search space, DCI formats with non-aligned sizes.  
· If the two PUSCHs are non-overlapping:
· The UE always processes the PUSCH associated with capability 2.
· The UE processes the PUSCH associated with capability 1 if its first symbol is at least N2 symbols after the last symbol of the PUSCH associated with capability 2.
· N2 is the minimum processing timeline for capability 1.
· Otherwise, the UE may terminate the processing/transmission of the PUSCH associated with capability 1.
· The minimum processing timing capability of the high priority PUSCH is extended by d symbols. FFS the value of d per SCS. FFS if d per SCS can be reported as a UE capability. 
· The value of d is smaller than or equal to 2 symbols for all SCSs.
· If the two PUSCHs are overlapping, the UE always processes the high priority PUSCH and terminates the processing/transmission of the low priority PUSCH
· The minimum processing timing capability of the high priority PUSCH is extended by d symbols. FFS the value of d per SCS. FFS if d per SCS can be reported as a UE capability. 
· The value of d is smaller than or equal to 2 symbols for all SCSs.
· The low priority and high priority PUSCHs are scheduled by respective PDCCHs with different starting symbols. 
· Two PUSCHs associated with the same minimum processing time capability may overlap.
· Out-of-order PUSCH scheduling and PUSCH overlap across PUSCHs configured with different minimum processing time capabilities is supported.

The explicit PUSCH priority indication is supported, e.g., a bit in the DCI, RNTI, non-overlapping search space, CORESET and DCI formats with different sizes.
For the PUSCH priority indication, define two UE capabilities:
· The explicit indication of the PUSCH priority by the DCI is required.
· The explicit indication of the PUSCH priority by the DCI is not required, i.e., if the indication is absent, the PUSCH that is scheduled by a PUCCH with the later starting symbol is of higher priority.
Summary of the Proposals  

	Huawei/HiSi
	Proposal 1: Support Case 0, 
· For Rel-16 UE with a single processing capability in the same carrier, if the UE supports out-of-order HARQ operation and if PDSCHs are non-overlapping in the time domain, the UE processes all PDSCHs without dropping, except
· The Rel. 15 UE fallback to capability 1 and dropping behavior for a UE reporting pdsch-ProcessingType2-Limited is supported. 
Proposal 2: Case 1 needs to be further discussed and justified.
· Case 1: Out-of-order HARQ-ACK operation is supported across PDSCHs of different minimum processing timeline capabilities, when different minimum processing timeline capabilities is configured to the PDSCHs on the same carrier.
Proposal 3: Support Case 2, 
· Case 2: Out-of-order HARQ-ACK operation is supported across PDSCHs of different processing timeline capabilities when additional DMRS and PDSCH processing time capability #2 is configured simultaneously on the same carrier and a PDSCH with additional DMRS follows the minimum PDSCH processing time capability #1.
Proposal 4:  If RAN1 supports Case 2, if the UE is not capable of processing all PDSCHs under some condition(s), and if PDSCHs are non-overlapping in the time domain then:
· The UE always processes the PDSCH associated with capability 2 when UE reports scheduling limitation.
· The UE always processes the lower than 136RB PDSCH associated with capability 2 when using 30kHz SCS if UE reports no scheduling limitation.
Proposal 5: The case when the PDSCH associated with capability 2 is before the PDSCH associated with capability 1 should be avoided by implementation and not further considered.	
Proposal 6: If RAN1 supports Case 2, if the PDSCH associated with capability 1 does not satisfy N1 symbols, the UE skips decoding the subset of CBs (CBGs) of PDSCH until the gap between the end symbol of the remaining PDSCH associated with capability 1 and the start symbol of the PDSCH associated with capability 2 is larger than N1 symbols.
Proposal 7: Support scheduling PDSCHs on overlapping resources. It is applicable both for the same and for different capability processing times.
Proposal 8: For the UE which has the capability of processing both overlapping PDSCHs, the UE behavior should be the same in Scenario 1-1 and in Scenario 1-2.
Proposal 9: For the UE which doesn’t have the capability of processing both overlapping PDSCHs, no scheduling condition should be identified. The UE only processes the high priority PDSCH and the UE always skips decoding the low priority PDSCH.
Observation 1: Rate matching of eMBB – PDSCH around CORESETs is inefficient for eMBB traffic when the monitoring occasions are configured to ensure a low latency for URLLC traffic.
Proposal 10: The UE can monitor DCI on resources that are already allocated to a PDSCH. If a DCI is detected, the corresponding eMBB resources are assumed to be punctured in the PDSCH decoding, or, alternatively the earlier scheduled PDSCH is dropped. The PDSCH processing time N1 of the PDSCH may need to be extended. 

Proposal 11: For Rel-16 URLLC UE, if URLLC/eMBB identification is introduced in physical layer, the URLLC traffic transmission of the UE which is monitoring DL PI should be excluded from the data flushing that is triggered by the DL PI.

For Out-of-Order operation when BWP switching：
Observation 2: Re-using the Rel-15 mechanism for BWP switch can block multiple slots in the new BWP from being used for URLLC. Alternatively, the eMBB scheduling flexibility would be severely degraded.   
Proposal 12: For Rel-16, modify the Rel-15 BWP switching operation specified in 38-213, section 12 as follows:
· If a Rel-16 UE detects a DCI format 1_1 indicating an active DL BWP change for a cell, the UE is not required to receive or transmit in the cell during a time duration from the end of the third symbol of a slot where the UE receives the PDCCH that includes the DCI format 1_1 in a scheduling cell until the beginning of a slot after the end of the BWP switch delay. beginning of a slot indicated by the slot offset value of the time domain resource assignment field in the DCI format 1_1.
· If a Rel-16 UE detects a DCI format 0_1 indicating an active UL BWP change for a cell, the UE is not required to receive or transmit in the cell during a time duration from the end of the third symbol of a slot where the UE receives the PDCCH that includes the DCI format 0_1 in the scheduling cell until the beginning of a slot after the end of the BWP switch delay. the beginning of a slot indicated by the slot offset value of the time domain resource assignment field in the DCI format 0_1.
· From the beginning of the slot after the BWP switch delay, the UE can expect to receive and to transmit  high priority service data that is scheduled by DCI format 0_0/0_1, DCI format 1_0/1_1



	Ericsson 
	Observation 1	A PDSCH may be pre-empted by later scheduled PDCCH.
Observation 2	Due to limited CORESET IDs within a slot, the priority indication using CORESET association of a DCI will significantly limit the usage of PDCCH resources.
Observation 3	If UE only processes the later scheduled PDSCH, and it may or may not process the earlier scheduled PDSCH, gNB can skip transmission of all or part of the earlier scheduled PDSCH.


Proposal 1	Support UE type X for out-of-order  operation in downlink on a single carrier with different minimum processing time capability. In case of overlapping PDSCHs, the high priority PDSCH is processed with faster capability processing chain and the low priority PDSCH is processed with the slower capability chain.
Proposal 2	Support UE type Y for out-of-order operation in downlink for both PDSCHs on a single carrier with single minimum processing time capability. In case of overlapping PDSCHs, the high priority (i.e., later) PDSCH is processed and the low priority (i.e., earlier PDSCH may not be processed.
Proposal 3	Regardless of a UE type with single or multi-processing cpability, all DCI formats should be available for its processing on either processing chain.
Proposal 4	Rel-16 supports rate-matching or puncturing rules for a PDSCH w.r.t received PDCCHs that did not schedule the PDSCH.
Proposal 5	Consider enhanced CORESET with dynamic allocation relative to the allocation of a PDSCH.
Proposal 6	Consider solutions to resolve the issue when later PDCCH overlaps with the earlier PDSCH.
Proposal 7	Priority indicator bit-field in DCI is supported in Rel-16.
Proposal 8	If UE processes the earlier PDSCH punctured (overlapping) with the later PDSCH, then the UE may assume that the earlier PDSCH processing does not include the punctured part belonging to the later PDSCH.
Proposal 9	Release-16 UE with advanced capability should be able to receive first and second PDSCHs without the overlapping part from the low-priority first PDSCH. Otherwise, for a UE without advanced capability, the first PDSCH may be fully dropped due to UE’s capability limitations.
Proposal 10	Out-of-order operation between the PDSCHs of different SPS allocations should be allowed.
Proposal 11	HARQ codebook construction method should support overlapping HARQ-ACKs associated with multiple SPS allocation. The HARQ-ACK bits for different SPS transmissions can be arranged in an order of transmission’s  resource allocation according to the sequence based on carrier, then time-slot resource and then the sorting order of SPS ID.
Proposal 12	For an uplink operation, the UE is always configured with a single capability.
Proposal 13	For an out-of-order PUSCH scheduling, the UE transmits both PUSCHs as long as they do not overlap. Otherwise, the lower priority PUSCH is dropped if overlapping with a higher priority PUSCH.




	ZTE
	Proposal 1: For Rel-16 URLLC, support the case that out-of-order HARQ operation for two unicast and non-overlapping PDSCHs on a carrier with a single minimum processing timeline capability.
Proposal 2: For Rel-16 URLLC, support the case that collision handling between two overlapping unicast PDSCHs on a carrier configured with a single minimum processing timeline capability. 
Proposal 3: Only consider the following Rel-16 use case with mixed processing time capabilities for Case 3:
· Additional DMRS and PDSCH processing time capability #2 can be configured simultaneously on the same carrier. A PDSCH with additional DMRS follows the PDSCH processing time capability #1.
Proposal 4: For Case 1, the out-of-order HARQ operation for two unicast and non-overlapping PDSCHs on a carrier with a single minimum processing timeline capability,
· Supported by a UE that reports the support for out-of-order HARQ handling 
· If supported by the UE, then both PDSCHs are always processed, except 
· The Rel. 15 UE fallback to capability 1 and dropping behaviour for a UE reporting pdsch-ProcessingType2-Limited is supported
Proposal 5: For Case 2, collision handling between two overlapping unicast PDSCHs on a carrier configured with a single minimum processing timeline capability, 
· Case 2-a: The UE always processes both PDSCHs under both Scenario 1-1 and 1-2 
· Both PDSCHs are decoded without any modification in Scenario 1-2
· Case 2-b: The UE always processes the high priority PDSCH and may skip decoding the low priority PDSCH under both Scenario 1-1 and 1-2 
· The two unicast PDSCHs are scheduled by respective PDCCHs with different starting symbols.
· For each of Case 2-a and 2-b, the UE reports whether the case is supported or not.
· A unified solution for explicit PDSCH priority indication is supported for both Case 2-a and 2-b, 
·  Support relative indication for explicit PDSCH priority indication relative to the previous scheduled data. 
Proposal 6: For Case 3, different DL processing times are associated with different PDSCHs on the same serving cell,
· The UE always processes the PDSCH associated with capability 2
· The UE processes the PDSCH associated with capability 1 if its last symbol is at least N1 symbols before the start of the PDSCH associated with capability 2. 
· N1 is the minimum processing timeline for capability 1.
· Otherwise, the UE may skip decoding the PDSCH associated with capability 1. 
· HARQ-ACK should be reported for the PDSCH associated with capability 1.
Proposal 7: If the first scheduled PUSCH and the second scheduled PUSCH are colliding in the time domain and the first scheduled PUSCH has started transmission, define the ending symbol from where the UE should stop transmission of the first PUSCH.
Proposal 8: Study the handling of UCI on the dropped PUSCH.




	vivo
	Proposal 1: When a single DL processing time is configured on the same serving cell and two non-overlapping PDSCHs with out of order HARQ operation.
· If UE supports this capability, both PDSCHs are always processed, except 
· The Rel. 15 UE fallback to capability 1 and dropping behaviour for SCS = 30KHz when a UE reports pdsch-ProcessingType2-Limited. 
Proposal 2: When a single DL processing time is configured on the same serving cell and two overlapping PDSCHs with out of order HARQ operation, the following UE capabilities should be supported
· Capability A :The UE always processes both PDSCHs under both Scenario 1-1 and 1-2. 
· Capability B: The UE always processes the high priority PDSCH and may skip decoding the low priority PDSCH under both Scenario 1-1 and 1-2. 
Proposal 3: When a single DL processing time is configured on the same serving cell and two overlapping PDSCHs with out of order HARQ operation, PDSCH priority is determined based on option 1-5.
Proposal 4: Case 1 can be supported. If necessity on optimizing high speed scenario for UEs with mixed eMBB and URLLC services is clarified, case 2 can be supported in addition.
Proposal 5: When both minimum processing timeline Capability #1 and Capability #2 are configured on the same serving cell and two non-overlapping PDSCHs with out of order HARQ operation, the following UE capabilities should be supported
· Capability A: The UE always processes both PDSCHs. The minimum processing of PDSCHs is derived by CORESET where the scheduling DCI is detected or DCI size of scheduling DCI.
Proposal 6 :When both minimum processing timeline Capability #1 and Capability #2 are configured on the same serving cell and two non-overlapping PDSCHs with out of order HARQ operation, the following UE capabilities should be supported
· Capability B: The UE always processes the PDSCH associated with capability 2. UE may skip decoding the PDSCH associated with capability 1.
·  It should be clarified whether it needs that the minimum processing timeline is known by the UE before decoding the DCI. If it needs, the minimum processing timeline indication can base on CORESET where the scheduling DCI is detected or DCI size of scheduling DCI.
Proposal 7: When both minimum processing timeline Capability #1 and Capability #2 are configured on the same serving cell and two overlapping PDSCHs with out of order HARQ operation, the following UE capability should be supported
· Capability A: The UE always processes both PDSCHs, the minimum processing of PDSCHs is derived by CORESET where the scheduling DCI is detected or DCI size of scheduling DCI.
Proposal 8: When both minimum processing timeline Capability #1 and Capability #2 are configured on the same serving cell and two overlapping PDSCHs with out of order HARQ operation, the following UE capability should be supported
· Capability B: The UE processes the high priority PDSCH and may skip decoding the low priority PDSCH, the priority determination can base on CORESET or DCI size.
· It should be clarified whether it needs that the minimum processing timeline is known by the UE before decoding the DCI. If it needs, the minimum processing timeline indication can base on CORESET where the scheduling DCI is detected or DCI size of scheduling DCI.
Proposal 9: A unified solution is applied for indication for HARQ-ACK codebook, PDSCH priority and minimum processing timing.
Proposal 10: The working assumption can be confirmed: when the two unicast PDSCHs for a UE are overlapping, the UE generates HARQ-ACK for both of the PDSCHs.




	MTK
	Observation 1: OOO HARQ-ACK doesn’t require the support of mixed minimum processing timeline capabilities at the UE.
Observation 2: Supporting OOO HARQ-ACK by itself doesn’t create any processing pipelining issues at the UE. However, supporting mixed minimum processing timeline capabilities at the UE introduces pipelining issues.
Observation 3: Supporting mixed minimum processing timeline capabilities at the UE requires additional scheduling conditions regardless of the HARQ feedback order. 
Observation 4: The UE should be able to implement the adaptation of the processing time in a transparent way based on the information in the scheduling DCI.
Observation 5: If the UE is to save power when there is no URLLC traffic by switching to the slow clock, there will be an additional delay (switching clock and reducing voltage) that will degrade the URLLC latency. 
Observation 6: If the processing time capability is to be linked to search space, the gain in terms of power saving from using the slow clock as default will be minimal as the UE will keep switching the clock back and forth. 
Observation 7: The minimum processing timeline of a given PDSCH is inferred from the DCI (such as RB allocation, time domain allocation, etc.)

Proposal 1: Support Out-of-order HARQ-ACK operation with a single processing time capability in the same carrier.
Proposal 2: Case-1 shouldn’t be considered in Rel-16 and could be evaluated and specified in the power saving WI if needed. 
Proposal 3: Case-2 is not relevant to the mobility scenarios identified in the URLLC use cases and shouldn’t be considered further in this WI. 
Proposal 4: Case-1 should be supported by the Rel-16 UEs reporting the support of OOO HARQ. 
Proposal 5:  Case 2-b and Case 2-c should be supported by Rel-16 UEs for the handling of the collision between two overlapping unicast PDSCHs on a carrier configured with a single processing timeline capability.
Proposal 6:  Priority could be deduced from the starting symbol of the PDCCH for Case 2-b. 
Proposal 7: No association between the CORESETs, the search space or the DCI size and the minimum processing timelines. 
Proposal 8:  Remove the support of mixed minimum processing timeline Capability #1 and Capability #2 on the same carrier from the proposal. 
Proposal 9:  Support of the OOO HARQ capability should be disassociated from any other capability.
Proposal 10: NR Rel-16 supports out-of-order HARQ between HARQ-ACK codebooks with different priorities.




	CATT
	Proposal 1: Support Case 0 of Proposal 1’ of [98-NR-15].
Proposal 2: Support Case 2 of Proposal 1’ of [98-NR-15]. 
Proposal 3: 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 4: 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 5: 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 6: 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 7: For overlapping PUSCHs, UE transmits the second PUSCH and stops transmitting the first PUSCH from the start of the second PUSCH.
Proposal 8: 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.




	Intel
	Proposal 0:
· At least the following cases are supported in Rel-16:
· Support of OoO HARQ-ACK two unicast and non-overlapping PDSCHs on a carrier with a single minimum processing timeline capability
· Support of two overlapping unicast PDSCHs on a carrier configured with a single minimum processing timeline capability
· For this case, the baseline UE behavior is based on prioritization and dropping of the earlier-scheduled PDSCH.
Observation 1:
· PHY layer service differentiation or explicit priority assignment are not necessary for DL intra-UE prioritization. 

Proposal 1(modified Proposal 1’ from [98-NR-15]):
· 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 PDSCHs 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. Both in-order and out-of-order HARQ-ACK operation is supported across PDSCHs of different processing timeline capabilities.
· Case 2A: UE indicating pdsch-ProcessingType2-Limited capability and PDSCHs @ 30 kHz
Proposal 2:
· 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.
· The UE only expects a maximum of one OOO PDSCH-to-HARQ-ACK flow on the active BWP of a given serving cell.
· The UE processes both the first and second PDSCHs as a UE capability (e.g., oOO-HARQ-ACK-processBoth) with no new condition
· A UE that does not indicate support of this capability may still support the capability of processing the second PDSCH in case of OOO HARQ-ACK and may drop processing of the first PDSCH (referred to here as oOO-HARQ-ACK-processSecond).
· For a UE indicating capability of oOO-HARQ-ACK-processBoth and pdsch-ProcessingType2-Limited, 
· for a DL BWP with 30 KHz SCS in a serving cell configured with Cap #2 timing, the UE may drop the processing of the first PDSCH if (i) the first PDSCH is scheduled with more than 136 PRBs and (ii) the second PDSCH, scheduled with no more than 136 PRBs, starts within 10 symbols from the end of the first PDSCH.
Proposal 3:
· A UE may be configured with Capability #2 DL processing timing enabled as well as additional DMRS for PDSCH in a same serving cell
· For PDSCHs of duration > 4 symbols, additional PDSCH DMRS are present and Capability #1-based DL processing times apply for the PDSCH. For other cases, Capability #2-based DL processing times apply (subject to any other condition).
· The UE may drop the processing of the first PDSCH if (i) the first PDSCH is scheduled with more than 4 symbols duration and (ii) the second PDSCH, scheduled with no more than 4 symbols duration, starts within X symbols from the end of the first PDSCH.
· FFS: value of X 
· Note: The two PDSCHs may be in-order or out-of-order w.r.t. their PDSCH-to-HARQ-ACK timelines.
Proposal 4 (modified Proposal 2’ of [98-NR-15]):
· 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 PDSCHs, a capability under which the UE processes all PDSCHs without dropping.
· FFS the details of the capability signaling 
· FFS how the minimum processing time of the PDSCHs is 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 signaling 
· FFS the scheduling conditions 
· If the scheduling conditions are not satisfied, FFS whether the UE skips decoding the low priority PDSCH one or more PDSCHs associated with the minimum processing timeline capability #1 or delay its their processing.
· FFS how the minimum processing time of the PDSCHs is indicated.
· The minimum processing time of a PDSCH is determined based on: 
· the scheduled number of PRBs for the scheduled PDSCH for a UE indicating capability of pdsch-ProcessingType2-Limited when scheduled in a DL BWP with 30 kHz SCS; and
· the duration (in number of symbols) of the scheduled PDSCH for a UE may be configured with Capability #2 DL processing timing enabled as well as additional DMRS for PDSCH in a same serving cell.
· When the UE drops the processing of the PDSCH associated with processing timeline Capability #1, increasing the minimum PDSCH processing time (N1) of the PDSCH associated with Cap #2 by d symbols can be considered.
· FFS the value of d.
· 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 signaling
Proposal 5:
· 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 end 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. Under the condition that the two PUSCHs do not overlap in time:
· The UE only expects a maximum of one OOO PDCCH-to-PUSCH flow on the active BWP of a given serving cell.
· The UE processes both the first scheduled and second scheduled PUSCHs as a UE capability (e.g., oOO-PUSCH-processBoth) with no new condition (Solution 2).
· A UE that does not indicate support of this capability may still support the capability of processing the second UL grant and transmit the corresponding PUSCH in case of OOO PUSCH scheduling and may drop transmission of the first PUSCH (referred to here as oOO-PUSCH-processSecond).
Proposal 6:
· 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 end 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. 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.
Proposal 7 (Proposal 3’ from [98-NR-15]):
· In 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
· FFS the details of the capability signaling
· Capability B: A capability under which a UE processes both PDSCHs under Scenario 1-2
· FFS the details of the capability signaling
· FFS the UE behavior 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 details of the capability signaling
· FFS the scheduling conditions 
· If no scheduling conditions is identified or the scheduling conditions are not satisfied, FFS whether the UE skips decoding the low priority PDSCH or delay its processing.
· In case the low priority channel is dropped, increasing the minimum processing procedure time (N1) of the high priority PDSCH by “d” symbols can be considered. FFS the value of “d”. FFS how the priority of the PDSCHs is defined and indicated.
· Note: Under Scenario 1-2, the gNB preempts the transmission of the low priority PDSCH and only transmits the high priority PDSCH over the overlapping resources in the frequency domain.
Proposal 8:
· In case of DL data/data resource conflicts for overlapping PDSCHs in time-domain for both Scenarios 1-1 and 1-2, scheduled by dynamic DL assignments, following Capability C (UE processes the high priority PDSCH and processes the low priority PDSCH under some scheduling conditions), the UE prioritizes the second scheduled PDSCH and may terminate the processing of the earlier scheduled PDSCH.
· The UE shall generate a NACK if the processing of the first scheduled PDSCH is terminated.
· The UE is not expected to receive the first scheduled PDSCH from the starting symbol of the time-domain overlap.
Proposal 9 (modified Proposal 4’ from [98-NR-15]):
· 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 same or different Type-2 HARQ-ACK codebooks, or with different Type-1 HARQ-ACK CBs, or with Type-1 and Type-2 HARQ-ACK CBs respectively, 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 behavior.
· When two unicast PDSCHs for a UE are overlapping, and in case their HARQ-ACK bits are associated with same Type-1 HARQ-ACK codebook, the UE generates HARQ-ACK only for the latter-scheduled PDSCH.




	SONY
	Proposal 1: Support Case 2, i.e. the case where 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 for this case.
Proposal 2: Out-of-order HARQ-ACK operation across PDSCHs (with 1 DMRS) of different minimum processing timeline capabilities in the same carrier is supported in Rel-16.
Proposal 3: For Out-of-Order HARQ-ACK operation with different minimum processing timeline capabilities:
· A low priority PDSCH is associated with UE processing timeline capability 1
· A high priority PDSCH is associated with UE processing timeline capability 2

Proposal 4: The UE signals to the network whether it uses a single processing timeline capability or two processing timeline capabilities for PDSCH with different priority levels.
Proposal 5: For an Out-of-Order PUSCH scheduling where a 1st UL Grant schedules a 1st PUSCH and a 2nd UL Grant schedules a 2nd PUSCH and the 1st UL Grant is sent before the 2nd UL Grant but the 1st PUSCH is transmitted after the 2nd PUSCH,  the UE can prepare and transmit both PUSCHs if the time between the end of the 1st UL Grant and the start of the 1st PUSCH is greater than a threshold.  Otherwise the UE drops the 1st PUSCH.




	LGE
	Proposal 1: For rel-16, the followings are supported:
· Case 1: When a single minimum processing capability is configured on a carrier
· Case 1-1: Out-of-order HARQ-ACK for two unicast and non-overlapped PDSCHs is supported
· Capability A: The UE reports whether to support case 1-1
· The UE always processes both PDSCHs
· The rel-15 fallback to capability 1 and dropping behavior for SCS=30kHz are supported in case the UE reports pdsch-ProcessingType2-Limited
· Case 1-2: Collision handling for two unicast and overlapped PDSCHs is supported
· Capability B: The UE reports the number of CCs that the UE is capable of processing both two PDSCHs simultaneously under case 1-2
· The UE always processes both PDSCHs.
· Capability C: The UE reports the number of CCs that the UE is capable of processing PDSCH with high priority under case 1-2
· The UE always processes PDSCH with high priority and may skip PDSCH with low priority.
· The PDSCH priority indication is defined. 
· FFS how to indicate the PDSCH priority indication
· Case 2: When both minimum processing timeline capability #1 and capability #2 can be configured on a carrier and different PDSCHs can be associated with different minimum processing timeline
· Case 2-1: Out-of-order HARQ-ACK for two unicast and non-overlapped PDSCHs is supported
· Capability D: The UE reports the number of CCs that the UE is capable of processing both two PDSCHs simultaneously under both case 2-1 and case 2-2
· The UE always processes both PDSCHs.
· Capability E: The UE reports the number of CCs that the UE is capable of processing PDSCH with capability #2 under case 2-1
· The UE always processes PDSCH associated with capability #2 and processes PDSCH associated with capability #1 if scheduling condition (e.g., timing gap between two PDSCHs, timing gap between two PUCCHs carrying HARQ-ACKs) is met; otherwise the UE may skip PDSCH associated with capability #1
· FFS how to associate PDSCH with minimum processing timeline capability
· Case 2-2: Collision handling for two unicast and overlapped PDSCHs is supported
· Capability F: The UE reports the number of CCs that the UE is capable of processing PDSCH with high priority under case 2-2
· The UE always processes PDSCH with high priority and may skip PDSCH with low priority
· The PDSCH priority indication is defined. 
· FFS how to indicate the PDSCH priority indication




	Samsung
	Proposal 1: It supports following updated agreement for out-of-order HARQ for case 0. 
	If RAN1 supports For Case 0 of Proposal 1’ of [98-NR-15], if the UE supports out-of-order HARQ operation, and if PDSCHs are non-overlapping in the time domain:
· The UE processes all PDSCHs without dropping, except
· The Rel. 15 UE fallback to capability 1 and dropping behaviour for a UE reporting pdsch-ProcessingType2-Limited is supported. 
· Note: Under Case 0, additional DMRS and capability 2 cannot be simultaneously configured on a given carrier.



Proposal 2: It supports following updated agreement for out-of-order HARQ. 
	If RAN1 supports Case 1 and/or For Case 2 of Proposal 1’ of [98-NR-15], and if the UE is not capable of processing all PDSCHs under some condition(s), and if PDSCHs are non-overlapping in the time domain then:
· The UE always processes the PDSCH associated with capability 2
· FFS whether or not subject to Rel-15 restrictions (if any)
· The UE processes the PDSCH associated with capability 1 if its last symbol is at least N1 symbols before the start of the PDSCH associated with capability 2. 
· N1 is the minimum processing timeline for capability 1.
· Further discussion offline whether or not to include the case when the PDSCH associated with capability 2 is before the PDSCH associated with capability 1 and if so, details
· Otherwise, the UE may skip decoding the PDSCH associated with capability 1. 
· HARQ-ACK should be reported for the PDSCH associated with capability 1.
· If RAN1 supports extending the minimum processing of the PDSCH associated with capability #2 by d symbols in case the PDSCH associated with capability 1 needs to be dropped, the value of d should be less than or equal to 2 symbols at least for SCS = 15/30KHz. 
· FFS: The exact value of d to be decided by RAN1 #99. 
· FFS: The value of d for other SCSs



Proposal 3: It supports following updated agreement for out-of-order PUSCH.

	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 in a same serving cell, 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. 
· In case of first scheduled PUSCH repetition, the UE drops a repetition of the first scheduled PUSCHs individually that overlaps with the second scheduled PUSCH in the time domain. 



Proposal 4: It supports following updated agreement for PDSCH confliction.

	Proposal 3’: In 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
· FFS the details of the capability signalling
· Capability B: A capability under which a UE processes both PDSCHs under Scenario 1-2
· FFS the details of the capability signaling
· If the UE reports Capability B, the UE also includes Capability A. 
FFS the UE behavior for processing the overlapping resources in the frequency domain under Scenario 1-2. 
· UE assumes that the overlapping resources are used for higher priority PDSCH
· Capability C: A capability under which a UE always processes the high priority PDSCH. The UE only processes the low priority PDSCH under some scheduling conditions.
· FFS the details of the capability signaling
· FFS the scheduling conditions 
· If no scheduling conditions is identified or the scheduling conditions are not satisfied, the UE skips decoding the low priority PDSCH. 
· FFS whether the UE can delay the processing of low priority PDSCH
· FFS whether the scheduling conditions are the same or different for handling Scenario 1-1 and Scenario 1-2.
· In case the low priority channel is dropped, increasing the minimum processing procedure time (N1) of the high priority PDSCH by “d” symbols can be considered. FFS the value of “d”.
· FFS whether the overlapping PDSCHs are associated with the same or different minimum processing timelines.
· FFS how the priority of the PDSCHs is defined and indicated.
· First scheduled PDSCH is lower priority PDSCH and second scheduled PDSCH is higher priority PDSCH
· Note: Under Scenario 1-2, the gNB preempts the transmission of the low priority PDSCH and only transmits the high priority PDSCH over the overlapping resources in the frequency domain.



Proposal 5: It supports following updated agreement for HARQ-ACK codebook in case of overlapping PDSCHs.

	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 and Type-1 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 UE does not expect that the HARQ-ACK bits of overlapping PDSCHs can be associated with the same HARQ-ACK codebook and the associated UE behavior.



Proposal 6: The first PUSCH meeting processing requirement in the slot overlaps with a slot of PHR carrying PUSCH is used to calculate PHR.





	OPPO
	Proposal 1: When the PHY identification of HARQ-ACK codebook is configured, the UE does not expect the priority of the later PDSCH with earlier HARQ-ACK feedback is lower than the earlier PDSCH with later HARQ-ACK feedback
Proposal 2: Different PDSCHs for different service types should follow different PDSCH processing time capabilities to save UE power.
Proposal 3: When multiple PDSCHs are scheduled with time-domain overlapping, the UE shall decode the PDSCH with highest priority, and the UE may or may not decode/buffer the PDSCH with lower priority based on UE implementation, if no preemption indication to the PDSCH with lower priority is received.
Proposal 4: If priority indication is supported and configured in UL grant, UE does not expect the priority of the earlier PUSCH with later UL grant is lower than the later PUSCH with earlier UL grant.
Proposal 5: 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.



	Nokia/NSB
	Proposal 1: Support out-of-order HARQ-ACKs between two non-overlapping PDSCHs for the PDSCHs associated with the same processing time. 
Proposal 2: Support out-of-order HARQ-ACKs for the case when additional DMRS and PDSCH processing time capability #2 can be configured simultaneously on the same carrier and the PDSCH with additional DMRS follows the minimum PDSCH processing time capability #1.  
Proposal 3: RAN1 should specify a hybrid solution combining solution 3 and solution 4 alternative 2 for the support of out-of-order HARQ-ACK for two non-overlapping PDSCHs. If the restriction condition(s) of the solution 3 capability are fulfilled, the UE will process both PDSCHs without any further conditions. Otherwise, the solution 4-2 scheduling conditions apply. 
Proposal 4: On dropping the processing of the first PDSCH in Solution 4, support dropping the processing of the first PDSCH on the same serving cell only.
Proposal 5: For handling the two overlapping PDSCHs with Capability C, the UE always processes the high priority (later scheduled) PDSCH and drops the low priority (earlier scheduled) PDSCH without any scheduling condition under both Scenarios 1-1 and 1-2. The UE does not expect to receive the earlier scheduled PDSCH from the starting symbol of the later scheduled PDSCH.
Proposal 6: The overlapping PDSCHs can be associated with the same or different minimum processing timelines.
Proposal 7: The later scheduled PDSCH has higher priority than the earlier scheduled PDSCH in case a UE receives two DL assignments that indicate PDSCH resource allocations overlapping in time.
Proposal 8: Generate HARQ-ACKs for both of the two overlapping PDSCHs when HARQ-ACKs of the two overlapping PDSCHs are associated with the same or different HARQ-ACK codebook construction procedures for both type-1 and type-2 HARQ-ACK codebook constructions. In case the HARQ-ACKs bits of the two overlapping PDSCHs are associated with the same type-1 codebook construction, the bit-index allocation is based on the timing gap between the starting symbols of the current and the next PDSCH candidates.
Proposal 9: For the support of out-of-order PUSCH scheduling, consider further solutions 2, 3 and 4-2 taking into account the potential pipelining impact.
Proposal 10: On dropping the processing of the first scheduled PUSCH in Solution 4, support dropping the processing of the first scheduled PUSCH on the same serving cell only.
Proposal 11: Support out-of-order scheduling only for the case two PUSCHs are associated with the same PUSCH processing capability. 
Observation 1: Rel-15 TPC as defined in Sec. 7.1.1 of TS 38.213 can be directly applied also to 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. 
Proposal 12: When the low priority PUSCH and the high priority PUSCH are colliding in the time domain, the UE cancels (including stopping) the transmission of the low priority PUSCH as early as possible but no later than the first symbol of the high priority PUSCH transmission.
Proposal 13: In case the colliding PUSCHs have the same priority, the UE cancels (including stopping) the transmission of the first scheduled PUSCH as early as possible but no later than the first symbol of the second scheduled PUSCH transmission.



	InterDigital
	Proposal 1: A UE with capability “A” can report a maximum number of PDSCHs that can be processed in parallel for each type of processing capability (capability 1 or capability 2).
Proposal 2: A UE with capability “A” can be configured to enable parallel PDSCH processing on a serving cell, where one PDSCH follows capability 1 and a second PDSCH follows capability 2.
Proposal 3: A UE with capability “B” can report a maximum number of carriers for which the UE always processes the PDSCH associated with processing capability #2 and processes the PDSCH associated with the processing capability #1 under some scheduling conditions.
Proposal 4: RRC configures separate search space sets corresponding to each PDSCH processing capability configured on the same carrier.
Proposal 5: UE does not expect that a PDCCH candidate in a search space set corresponding to a first configured PDSCH processing capability uses a same set of CCEs for the same DCI size as a PDCCH candidate in a search space set corresponding to a second configured PDSCH processing capability.
Proposal 6: In case of overlap between PDSCHs, the UE determines the priority of a PDSCH based on HARQ-ACK priority indication from associated DCI, unless the UE reports a capability to derive PDSCH priority based on DCI timing.
Proposal 7: Support additional PUSCH power control configuration applicable to high-priority PUSCH transmission.
Proposal 8: Priority indication of DCI scheduling PUSCH indicates the applicable PUSCH power control configuration.
Proposal 9: The PUCCH power control adjustment state is specific to the priority level of the carried HARQ-ACK/SR.
Proposal 10: The PUSCH power control adjustment state is specific to the priority level of PUSCH.



	Panasonic
	Proposal 1: Case 1 in the offline proposal in the last meeting “The out-of-order HARQ operation for two unicast and non-overlapping PDSCHs on a carrier with a single minimum processing timeline capability” should be supported for Rel.16 NR URLLC.
Proposal 2: Case 2 in the offline proposal in the last meeting “Collision handling between two overlapping unicast PDSCHs on a carrier configured with a single minimum processing timeline capability’ should be supported for Rel.16 NR URLLC. In addition, agree the contents under Case 2 in the offline proposal in the last meeting.
Observation 1: Although there is no strong motivation to support Case 3 “Both minimum processing timeline Capability 1 and Capability 2 for UE can be configured on a given carrier and different PDSCHs can be associated with different minimum processing timeline on a given carrier,” the contents under Case 3 in the offline proposal in the last meeting is reasonable, and we are OK to support Case 3 and to agree the contents under Case 3.
Proposal 3: 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.
Proposal 4: At least following case should be supported for Rel.16 NR URLLC.
· The out-of-order PUSCH operation for two unicast and non-overlapping PUSCHs on a carrier with a single minimum processing timeline capability
· Collision handling between two overlapping unicast PUSCHs on a carrier configured with a single minimum processing timeline capability



	III
	Proposal 1: Support case 0, i.e., out-of-order HARQ-ACK operation with a single processing time capability in the same carrier for out-of-order HARQ-ACK operation. 
Proposal 2: Support case 1 and case 2 of mixed minimum PDSCH processing time capabilities on the same carrier for two non-overlapped unicast PDSCHs.
Proposal 3: For case1 and case2, if the UE is not capable of processing all PDSCHs under some condition(s), the new scheduling condition(s), as the consequence of d symbol dropping latency, to ensure processing the later PDSCH while dropping the first PDSCH should be verified.
Proposal 4: For case1 and case2, if the UE is not capable of processing all PDSCHs under some condition(s), UE’s follow up behavior after dropping the first PDSCH could follow the principle of PDSCH overlapping cases, i.e., always transmit NACK at the assigned PUCCH resource for the dropped PDSCH.
Proposal 5: Support UEs decode both the high priority PDSCH and the low priority PDSCH for overlapping Scenario 1-1 under some scheduling conditions. 
Proposal 6: Confirm the working assumption “When the two unicast PDSCHs for a UE are overlapping, the UE generates HARQ-ACK for both of the PDSCHs.” 



	Apple
	Observation 1: eMBB and uRLLC traffic mix cannot be supported on the same CC configured with Cap #1 only.
Observation 2: eMBB and uRLLC traffic mix is not well supported on the same CC configured with Cap #2 only.
Observation 3: Considering Observations 1 and 2, motivation for support out of order on the same processing timeline is lacking; and modification to Cap #1 will not deliver material benefits to uRLLC.
Proposal: Using Proposal #2-10 as a starting point for further discussion on OOS for PDSCHs, focus on Case 3-a and Case 3-b, and further clarify points under Case 3-a and Case 3-b, including control channel aspect.



	NTT DOCOMO
	Proposal 1:
It is beneficial to support all the cases. 
· Priority can be given as Case A > Case B-2/3 > Case B-1 and Case C 
Proposal 2:
Support the proposal #2-10 with an exception, which is to remove the last sentence saying “Both Options 1 and 2 of enhanced PDCCH design under AI 7.2.6.1 for Rel. 16 URLLC are supported.”
Proposal 3:
TPC accumulation with same adjustment state for different traffics should be supported in case of eMBB/URLLC multiplexing regardless of whether OOO happens
· TPC command for eMBB traffic should be accumulated only for eMBB traffic, while TPC command for URLLC traffic should be accumulated for both eMBB and URLLC traffic.



	Qualcomm
	Proposal 1: The out-of-order PDCCH to PDSCH is only supported for transmission of different TBs.
Proposal 2: A UE only expects a maximum of one out-of-order PDCCH-to-PDSCH flow on the active BWP of a given serving cell, i.e., only up to two overlapping PDSCHs are expected by the UE.
Observation 1: Regardless of whether the minimum processing timing capabilities are the same or different across two overlapping PDSCHs, the case of PDSCH collision is an example of out-of-order scheduling with an impact on UE processing pipeline.
Observatio 2: In case of collision between two unicast PDSCHs, from the system performance point of view, it is desirable to define a UE capability for processing both channels.
Proposal 3: In case two unicast PDSCHs overlap, under both Scenario 1-1 and 1-2, they should be assumed to be assigned with different priorities.
Proposal 4: If two unicast PDSCHs overlap, under both Scenario 1-1 and 1-2, their HARQ-ACK bits are associated with two different HARQ-ACK codebooks.
Proposal 5: The HARQ-ACK codebook indicator is used to indicate the priority of PDSCHs under both Scenario 1-1 and 1-2. If two minimum processing time capabilities are configured on a carrier, the PDSCH associated with timing capability #2 should be associated with a high priority codebook, and the PDSCH associated with the timing capability #1 should be associated with a low priority codebook.
Observation 3: With the limitations captured under Example #1 of Section 3, eMBB and URLLC cannot be multiplexed on the same serving cell efficiently. In particular, assuming large packet sizes for eMBB, where more symbols are needed, and due to doppler, additional DMRS should be used, the timeline of URLLC with small packets will considerably be impacted. To allow for efficient operation, a better solution is to allow the processing times of the channels to be separately configured. 
Observation 4: When timing capability #2 is configured for a cell, additional DMRS cannot be configured; hence, for long allocations, which are suitable for eMBB large packet sizes, the channel estimation will be impacted.
Observation 5: Adapting the UE processing timeline to the requirement of traffic allows the UE to be more power efficient and/or report a larger envelope.
Observation 6: From the operation point of view, allowing multiple processing timing capabilities on the same serving cell leads to efficient eMBB and URLLC multiplexing; the timeline for each channel can be set based on its allocation and its particular use case. On the same serving cell, URLLC can be scheduled to follow a fast timeline and eMBB can be scheduled to follow a slow timeline. 
Observation 7: For a UE capable of handling the case where two unicast PDSCHs, with the same timing capabilities, are overlapping, supporting a mixed of processing capabilities has no additional implementation burden. A solution adopted to address the former issue can be reused to handle the latter one. 
Proposal 6: If PDSCH overlap is allowed on any DL carrier of a given PUCCH group, the UE is expected to be configured with two HARQ-ACK codebooks.
Proposal 7: When the UE is configured with two HARQ-ACK codebooks, one codebook can be Type 1 and one Type 2 or both can be of Type 1.
Proposal 8: In Rel. 16 URLLC, out-of-order operation is supported only across channels with different timing capabilities. 
Proposal 9: For supporting out-of-order operation, Solution 2 is not supported in Rel. 16 NR. 
Observation 8: Adopting solutions 1, 4-Alt1 and 4-Alt2 degrades the performance of the low priority channels. Such impacts can and should be avoided.
Observation 9: Solution 3 allows for an efficient multiplexing of channels/services requiring different minimum processing timing capabilities on the same serving cell. Under Solution 3, all channels are guaranteed to be processed, and there is no scheduling restriction imposed on the gNB. The support for out-of-order operation under Solution 3 is not dependent on the UE CA capability; both the CA capable and CA incapable UEs can support the out-of-order operation.
Proposal 10: To support the out-of-order HARQ and uplink scheduling in Rel. 16, the UE indicates the number of CCs that can be supported for low priority channels and the number of CCs that can be supported for high priority channels. The channels associated with different priorities can be scheduled in an out-of-order fashion, but the channels of the same priorities should be kept in order. The UE processes both the low priority and the high priority channels without dropping except for the case that two PUSCHs are overlapping.
Proposal 11: The TPC accumulation of NR Rel. 15 is performed across the channels of the same priority separately, where the channel priority is given by a physical layer indication.
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