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Introduction
[bookmark: OLE_LINK11]According to the WID on physical layer enhancements for NR URLLC[1], scheduling/HARQ enhancements including the following will be specified in 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 
Till RAN1#98bis meeting, very few progress was made. In this contribution, we further discuss the proposed cases and corresponding solutions taking the following offline proposal as a starting point [2]. 
	Proposal: 
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.


Cases for handling of two unicast PDSCHs 
As discussed back and forth in several RAN1 meetings, mainly three cases are on the table now. In this section, we give further considerations about these cases and discuss the dependency among the cases. 
· 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
There is no UE processing pipeline issue for this case, the UE only needs to buffer the ACK/NACK for the first PDSCH and transmits it later. Thus, it is not a big issue for the UE implementation and should be supported then.
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.
· Case 2: Collision handling between two overlapping unicast PDSCHs on a carrier configured with a single minimum processing timeline capability. 
This case which is included in the WI should be supported, including the following scenarios agreed before for two overlapping PDSCHs:
· 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
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. 
· Case 3: Different DL processing times are associated with different PDSCHs on the same serving cell
There will be pipeline issue even the two PDSCHs are non-overlapping in case when a slow processing time e.g., processing capability #1, is associated with the first PDSCH and a fast processing time e.g., processing capability #2, is associated with the second PDSCH. Thus, it needs to further investigate the sub-scenarios proposed by companies that can cause different PDSCHs associated with different DL processing times. 
· Scenario 1-1: Different DL processing capability #1 and #2 can be configured for different services on the same serving cell. In Rel-15, once a UE reports that it has DL processing capability #2, it means the UE can process all the  DL transmission by capability #2 regardless of the service types. The same philosophy can be applied in Rel-16 for URLLC. Therefore, the motivation to configure different services on the same serving cell with different DL processing capabilities should be first justified.   
· Scenario 1-2: When the UE is configured with additional DMRS and DL processing capability #2 on a given serving cell, a PDSCH with additional DMRS follows DL processing capability#1 and a PDSCH without additional DMRS follows capability #2. In Rel-16 URLLC, the only fast speed scenario identified  is Transport Industry which has relatively large latency budget. It means network can configure capability #1 for both eMBB and URLLC to avoid some possible dropping of eMBB or some scheduling conditions. If network wants to configure capability #2, it is not a big restriction for limiting eMBB without using additional DMRS compared to using additional DMRS while dropping eMBB due to mixed capabilities. On the other hand, anyway this case offers more scheduling flexibility to network, we don’t have a strong position here. If this scenario is supported, we think the UE, which is a high-end UE supporting capability #2 processing, should be able to follow the relatively faster processing time of capability #1, i.e., the one without additional DMRS. 
· Scenario 1-3: For UE processing capability 2 with SCS=30KHz, and the scheduled RB allocation exceeds 136 RBs, the UE defaults to capability#1 processing time. This scenario is specified in Rel-15 and will cause the processing time for the first PDSCH is slower than the second PDSCH, i.e., it will cause pipeline issue. However, Rel-15 has already specify a scheduling restriction by introducing a gap of 10 symbols between the ending of the first PDSCH and the starting of the second PDSCH.
· [bookmark: OLE_LINK4]Scenario 1-4: When the first PDSCH is mapping Type A and the last symbol of the PDSCH is symbol i with i < 7, additional (7-i) symbols (up to 5 symbols) are added to the processing time. This scenario already exists in Rel-15. We believe that gNB can avoid the occurrence of this scenario through scheduling, the same as Rel-15. For instance, it is not allowed to schedule a first PDSCH with Type A with a last symbol of i=2 or 3, and followed a second PDSCH with Type B with a length of 4 symbols. This is not a big limitation.
· Scenario 1-5: When the first PDSCH is mapping Type B, additional symbols (up to 3 symbols) may be added depending on the overlapping of PDCCH and PDSCH. This scenario already exists in Rel-15. We believe that gNB can avoid any pipeline issue in this scenario through scheduling, the same as Rel-15.
Overall for this case, there has already specified some scheduling conditions(including gNB implementation) in Rel-15 for Scenario 1-3/1-4/1-5, and there is no motivation to relax Rel-15 configuration restrictions for Scenario 1-1. We are fine with scenario 1-2 if most companies think it is justified.  
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.
Solutions for handling of two unicast PDSCHs
· Solutions for handling of 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)
Given there is no UE processing pipeline issue for this case, and the UE only needs to buffer the ACK/NACK for the first PDSCH, both PDSCH could be processed if a UE reports the support for out-of-order HARQ handling. Of course, the Rel-15 conditions on dropping behaviour due to fallback to capability 1 in case of scenario 1-3 discussed in section 2 could be kept. The offline proposal for this case in [2] is fine for us. 
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
· Solutions for handling of Case 2 (Collision handling between two overlapping unicast PDSCHs on a carrier configured with a single minimum processing timeline capability)
For UE capability point of view, two capabilities could be defined with either support of processing both PDSCHs (Case 2-a) or support of only processing the high priority PDSCH(Case 2-b). Considering, there could be more than 2 PDSCHs overlaps together, PDSCH priority indication is needed for Case 2-a. Take Figure 1 below for instance, network may first schedule overlapping PDSCH A and PDSCH B for a UE reporting Case 2-a capability. While later on, a high priority PDSCH C has to be scheduled as soon as possible, resulting in an overlap with low priority PDSCH B but not high priority PDSCH A. In this case, always assuming the later scheduled PDSCHs has high priority seems not proper, which may cause dropping of high priority PDSCH A. Thus, an explicit indication of the PDSCH priority by the DCI, e.g. 1-bit indication, can be considered. That is, a UE will know the the priority of PDSCH A and PDSCH B based on indication, then the UE will transmit the high priority PDSCH A and C with dropping the low priority PDSCH B.
However, 1-bit indication with ’0’ as low priority and ‘1’ as high priority may not work well for Case 2-b if two PDSCHs with the same priority are allowed to be overlapped. For example, two high priority PDSCHs overlap with each other and are both indicated with ‘1’. In such case, the UE would not know which PDSCH should be processed. To solve the issue for Case 2-b and also to unify the solution for both Case 2-a and Case 2-b, an indication relative to the previous scheduled data can be considered. For example, once the bit indication is toggled, the priority is changed relative to the previous scheduled PDSCH. If two overlapping PDSCHs both are indicated with ‘0’, the later scheduled PDSCH has the same or lower priority than the first scheduled PDSCH. If two overlapping PDSCHs both are indicated with ‘1’, the later scheduled PDSCH has the same or higher priority than the first scheduled PDSCH. 

[image: ]
Figure 1 PDSCH priority indication in case of more than 2 overlapping PDSCHs 
Therefore, we propose a following modification of the proposal for Case 2 in [2]. 
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. 
· Solutions for handling of Case 3 (Different DL processing times are associated with different PDSCHs on the same serving cell and the two PDSCHs are non-overlapping)
As discussed in Section 2, we only need to consider Scenario 1-2 for Case 3, i.e., additional DMRS and PDSCH processing time capability #2 can be configured simultaneously on the same carrier, and a PDSCH with additional DMRS follows the PDSCH processing time capability #1. 
For  Scenario 1-2 of Case 3, it is similar to the Scenario 1-3 (exceeding 136 RBs) in Rel-15. Thus, instead of defining Case 3-a and 3-b as in [2], we prefer to apply similar solutions as Rel-15 here also. That is, the UE always processes the PDSCH associated with capability 2, and if its last symbol is at least N1 symbols before the start of the PDSCH associated with capability 2, the UE processes the PDSCH associated with capability 1, otherwise, the UE may skip decoding the PDSCH associated with capability 1. 
Therefore, we propose a following modification of the proposal for Case 3 in [2]. 
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.
Handling of two unicast PUSCHs
For scenario when the first scheduled PUSCH and the second scheduled PUSCH are colliding in the time domain, we have already agreed that the UE drops the processing and the transmission of the first scheduled PUSCH and details are FFS. 
From our understanding, one detail that matters is when will a UE actually stop the transmission of the first PUSCH if a UE detects the second UL grant for URLLC. As shown in Figure 2, an eMBB PUSCH has already started its transmission on symbol#0, and is indicated by UL grant 1 to end on symbol#11. Then, the UE detects an UL grant2 on symbol#4/5 to schedule a URLLC PUSCH on symbol#11/12. When it starts to process URLLC PUSCH, the UE would not be able to process both eMBB PUSCH and URLLC PUSCH in parallel starting from a symbol, e.g., symbol #7 (It is assumed that the UE needs 2-symbol duration to decode UL grant2). Thus, the UE needs to stop transmitting the eMBB PUSCH starting from symbol #7.  In short, it needs to define the ending symbol from where the UE should stop transmission of the first PUSCH. It can be determined by N symbols after UL grant2, and the N symbols are the time used to decode the PDCCH. Meanwhile, the gNB can decode the eMBB PUSCH based on the valid symbols transmitted. 
[image: ]
Figure 2. Conflict between dynamic scheduled PUSCHs for URLLC and eMBB
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.
There is a possibility that there is UCI multiplexed in the dropped PUSCH. It is necessary to consider how to handle the UCI transmission, especially the HARQ-ACK. Whether/how the UCI piggybacks on the second PUSCH needs further study.
Proposal 8: Study the handling of UCI on the dropped PUSCH.
Conclusion
According to the analysis given above, we have the following proposals:
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. 
[bookmark: _GoBack]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.
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