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1. Introduction
In this contribution, we present our views on enhancements to scheduling/HARQ according to the following WID scope [1].
	· [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 



2. Discussions
2.1. Handling of multiple unicast PDSCHs for out-of-order HARQ-ACK and DL collisions
At the last meeting, the following agreements were achieved [2]. However, whether the discussed cases are supported in Rel-16 or not is not determined yet. In the following, we summarize the cases and show the necessity of supporting them.

	Agreements:
If RAN1 supports 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.
Agreements:
If RAN1 supports Case 1 and/or 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



The considerable cases for out-of-order HARQ-ACK and intra-UE DL collisions are summarized based on the conclusion at the RAN1 #97 meeting as follows [3]:
· Case A: 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. (referred to as “Case 0” in the email discussion)
· Case B: When different DL processing times are associated with different PDSCHs on the same serving cell, and the two PDSCHs are non-overlapping.
· Case B-1: different minimum processing timeline capabilities can be configured for PDSCHs on the same carrier. (referred to as “Case 1” in the email discussion)
· Case B-2: additional DMRS and PDSCH processing time capability #2 can be configured simultaneously on the same carrier. (referred to as “Case 2” in the email discussion)
· Case B-3: processing timeline capability #2 is configured but UE fallbacks to capability #1 due to the PRB limitation (>136PRBs)
· Case C: 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.
In the following, we discuss whether or not to support the cases above. Regarding Case A, it is assumed that same DL processing capability is configured with different PDSCHs. One possible use case is that to support various URLLC traffic types. Considering wide range of URLLC applications having different requirements in terms of reliability and latency, if only one capability, e.g. capability #2, is defined to cover the various URLLC traffic types, this case may happen. Thus, it would be better to support case A in this WI. Note that configuring capability #1 for SCS=120kHZ for both PDSCHs should not be excluded either given that FR2 is also an important case for URLLC.
Regarding Case B-1, it would be beneficial for UE supporting both eMBB requiring high data rate and URLLC requiring low latency. Such a UE would not be necessary to apply capability #2 all the times. In this sense, it should be feasible to support this case. In addition, it could be a use case of Case B-1 that UE multiplexes URLLC traffics having different priorities. For example, some URLLC traffics may be slightly non-urgent whose suitable capability is #1. On the other hand, typical URLLC traffics require faster capability #2 in most cases. To multiplex the both URLLC traffics, Case B-1 is supportable. Additionally, as some companies mentioned, this case would save battery consumption by associating appropriate capability to each traffic type e.g. capability #1 for eMBB traffic and capability #2 for URLLC traffic. Therefore, Case B-1 can be supported as long as the benefits are identified. 
For Case B-2, assuming that UE needs to support stringent low latency requirement and high-mobility scenario at the same time, it is beneficial to support this case, too. UE would apply capability #2 for PDSCHs requiring low latency and capability #1 for PDSCHs with additional DMRS, and thereby, different capabilities coexist on the same serving cell.
For case B-3, it is assumed that different DL processing capabilities such as capability #1 and #2 are configured with different PDSCHs. When processingType2Enbled and pdsch-ProcessingType2-Limited are configured in Rel-15, UE capability would be multiplexed in a given serving cell depending on the scheduled RBs. For example, when UE reports to support capability #2 and gNB schedules PDSCH of more than 136 RBs with 30 kHz SCS, UE processes the PDSCH with capability #1 and later goes back to capability #2 when gNB schedules PDSCH of less than 136 RBs with 30 kHz. For this case, Rel-15 already handles UE pipelining impact in case the later PDSCH starts within 10 symbols from the end of the earlier PDSCH. Specifically, UE may skip decoding a number of PDSCHs with more than 136 RBs, which follow capability #1, within 10 symbols before the start of a PDSCH that is scheduled to follow capability #2. Indeed, this case could be an out-of-order case, and thus, this case has to be supported.
Case C covers handling DL data conflicts within a UE for overlapping PDSCHs in at least time-domain, which is the scope of this WI. Therefore, this case also has to be supported for URLLC requirements.
In summary, we prefer to support all the three cases with prioritizing Case A > Case B-2/3 > Case B-1 and case C considering the balance of use case and work load in WI phase. In our understanding, to support Case A has neither big impacts on implementation nor specification complexity.
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 

2.2. Solutions for out-of-order HARQ-ACK and DL collision
In the last meeting, the following proposal was discussed.
	Proposal #2-10: For Rel. 16 URLLC, the following cases are supported:
· 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
· Case 2: Collision handling between two overlapping unicast PDSCHs on a carrier configured with a single minimum processing timeline capability 
· Case 2-b: 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-c: The UE always processes the high priority PDSCH and may skip decoding the low priority PDSCH under both Scenario 1-1 and 1-2 
· Under Case 2-c, 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.
· The two unicast PDSCHs are scheduled by respective PDCCHs with different starting symbols.
· For each of Case 2-b and 2-c, the UE reports whether the case is supported or not.
· The explicit PDSCH priority indication is supported for both Case 2-b and 2-c, e.g., bit in the DCI, RNTI, non-overlapping search space, CORESET and DCI formats with different sizes
· For the PDSCH priority indication, define two UE capabilities for each of the Case 2-b and 2-c:
· The explicit indication of the PDSCH priority by the DCI is required.
· The explicit indication of the PDSCH priority by the DCI is not required, i.e., if the indication is absent, the PDSCH that is scheduled by a PDCCH with the later starting symbol is of higher priority.
· 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.
· Case 3-a: The UE processes both PDSCHs 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 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  
· 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 behavior for a UE reporting pdsch-ProcessingType2-Limited is supported.
· Case 3-b: 
· If the two PDSCHs are non-overlapping:
· 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 the two PDSCHs are overlapping, the UE always processes the high priority PDSCH and may skip decoding the low priority PDSCH. 
· The two unicast PDSCHs are scheduled by respective PDCCHs with different starting symbols.
· The explicit PDSCH priority indication is supported for Case 3-b, e.g., bit in the DCI, RNTI, non-overlapping search space, CORESET and DCI formats with different sizes
· The explicit indication can be configured. If absent, the PDSCH that is scheduled by a PDCCH with the later starting symbol is of higher priority.
· FFS how the association of the PDSCHs to the corresponding UE minimum processing time is determined for Case 3-b. 
· Under Case 3-b, 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.
· For Case 3-a, the PDSCHs associated with the same minimum processing time capability should not be overlapped in the time domain.
· For Case 3-b, two PDSCHs associated with the same minimum processing time capability may overlap.
· For both Case 3-a and 3-b, out-of-order PUCCH and PDSCH overlap across PDSCHs configured with different minimum processing time capabilities is supported.
· For each of Case 3-a and 3-b, the UE reports whether the case is supported or not.
· FFS: For Case 3-a, 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. in Section 5.1.3 of 38.214.
· FFS: For Case 3-a, the PDSCHs associated with different minimum processing time capability don’t need to jointly satisfy those Rel-15 TB processing limitations that are applicable to TBs within a CC, e.g. in Section 5.1.3 of 38.214.
· FFS: For Case 3b, the PDSCHs associated with same or different minimum processing time capability do need to satisfy those Rel-15 TB processing limitations that are applicable to multiple TBs within a CC, e.g. in Section 5.1.3 of 38.214.
· Both Options 1 and 2 of enhanced PDCCH design under AI 7.2.6.1 for Rel. 16 URLLC are supported. 
· FFS whether/how the support for Option 1 and 2 enhanced PDCCH design are linked with Case 1, Case 2, Case 3-a, and Case 3-b.



In our understanding, these UE capabilities are potential solutions for the considered cases described in section 2.1 as follows:
· Case 1 can be for Case A.
· Case 2 can be for Case C where two unicast PDSCHs are associated with same DL processing capability.
· Case 3 can be for Case B-1/B-2 and C where two unicast PDSCHs are associated with different DL processing capabilities.
Note that for Case B-3, as mentioned above, no enhancement is needed since Rel-15 can handle it. We can support the proposal 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.” This sentence contradicts the following agreement made on PDCCH enhancement at RAN1 #98 meeting [4]. Besides, it would be difficult for NW implementation and operation to accommodate UEs supporting both options in a system. If discussion is still controversial on this meeting, we would like to make an agreement at least case 1. Then, we could continue to discuss case 2 and case 3.

	Agreements:
For a Rel-16 UE supporting enhanced PDCCH monitoring capability, down-select between option 1 and option 2: 
· Option 1: PDCCH monitoring based on Rel-15 capability for eMBB and PDCCH monitoring based on Rel-16 capability for URLLC can be configured to a UE on the same carrier
· UE monitors PDCCH for eMBB following reported Rel-15 capability, and monitors PDCCH for URLLC following reported Rel-16 capability 
· For Rel-16 PDCCH monitoring capability, the limit C on the maximum number of non-overlapping CCEs for channel estimation per PDCCH monitoring span is the same across different spans within a slot. Each span for Rel-16 PDCCH only cover USS for URLLC (FFS for CSS)
· Option 2: PDCCH monitoring for both eMBB and URLLC can be configured based on either Rel-15 capability or Rel-16 capability
·   gNB configures which capability is used 
· For Rel-16 PDCCH monitoring capability,
· The limit C on the maximum number of non-overlapping CCEs for channel estimation per PDCCH monitoring span is the same across different spans within a slot, each span can cover CSS and/or USS  
· Note: the value C is to be separately discussed 



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.”

2.3. TPC accumulation in case of eMBB/URLLC multiplexing
Transmit power control (TPC) for UL should be considered in case of eMBB/URLLC multiplexing. If the TPC command is set to be accumulated, further discussion is needed on how to accumulate it for the cases given in Fig. 2.

[image: ]
Fig.2 Potential TPC accumulation issue in case of eMBB/URLLC multiplexing and OOO

Following options can be considered as examples of TPC accumulation for eMBB/URLLC multiplexing:
· Option 1: PUSCH scheduling eMBB can use only accumulation for eMBB, while PUSCH scheduling URLLC can use only accumulation for URLLC in case of both non-OOO and OOO
· Option 2: PUSCH scheduling eMBB can use only accumulation for eMBB, while PUSCH scheduling URLLC can use accumulation for both eMBB and URLLC in case of both non-OOO and OOO 
· Option 3: PUSCH scheduling both eMBB and URLLC can use accumulation for both eMBB and URLLC in case of both non-OOO and OOO
With option 1, each PUSCH scheduling different traffic independently uses each dedicated accumulation. Thus, we simply need to consider different power control adjustment state for each traffic. In that case, current Rel-15 accumulation operation can be used without modifications. Besides, if a new TPC accumulation table is defined for URLLC as discussed in [5], it is possible to boost only URLLC transmission power for improving reliability compared to eMBB. However, if not defined, such an improvement cannot be achieved. With option 2, we   consider same power control adjustment state for both traffics. Then, PUSCH scheduling URLLC can use accumulation for both eMBB and URLLC. Therefore, it enables UE to boost URLLC transmission power for improving its reliability without the new table because this option can accumulate its accumulation in addition to that for eMBB. Regarding option 3, eMBB and URLLC can use both accumulations. Considering the difference in requirements between eMBB and URLLC, option 2 is reasonable. 
The above discussion is summarized in Table. 2 below:

[bookmark: _GoBack]Table 2: Analysis of possible solutions for TPC accumulation in eMBB/URLLC multiplexing
	Design aspect
	Option 1
	Option 2
	Option 3

	Description
	eMBB accumulates only eMBB
URLLC accumulates only URLLC
	eMBB accumulates only eMBB
URLLC accumulates both eMBB and URLLC
	both eMBB and URLLC accumulate both

	Pros.
	· Simple
· Different power control can be applied to different traffic types with different requirements
	· Power adjustments for URLLC traffic can be performed faster
· Different power control can be applied to different traffic types with different requirements
· Not necessary to introduce new TPC table for URLLC traffic
	· Power adjustments for eMBB traffic can be performed faster

	Cons.
	· Power adjustments for URLLC traffic cannot be performed faster
· New TPC table may be required for URLLC
	· a little complex compared to opt.1 
	· Faster processing of the TPC command is required for eMBB  



Based on the analysis, we prefer option 2 regardless of whether OOO happens since it can achieve power boosting faster for URLLC traffic in addition to that for eMBB without the new TPC command value table.

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.

3. Conclusion
In this contribution, we proposed following for enhancements to scheduling/HARQ.
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.
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