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1 [bookmark: _Ref490222521][bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In RAN1#98bis meeting, enhancement for Scheduling/HARQ are discussed. The following agreements are achieved  [1]:
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
In this contribution, we share our view on enhancement for Scheduling/HARQ.
2 Out-of-order HARQ
· Two non-overlapping PDSCHs 
As shown in Figure 1, for a UE with eMBB and URLLC services, URLLC DL service may arrive during an eMBB transmission. In this case, a UE can be scheduled with a URLLC PDSCH after an eMBB PDSCH is scheduled and HARQ-ACK is fed back before the HARQ-ACK transmission for the eMBB PDSCH, e.g. out of order HARQ. 
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Figure 1: Example of out-of-order HARQ-ACK in case of eMBB DL transmission and URLLC DL transmission
· Two overlapping PDSCHs in time within a slot
For a UE supporting both eMBB and URLLC services, it may be scheduled with eMBB and URLLC data transmission simultaneously, i.e. a URLLC PDSCH is scheduled in a slot that is already allocated to an eMBB PDSCH. In such case, the URLLC PDSCH and eMBB PDSCH are scheduled in the overlapped time resources, while non-overlapped or overlapped frequency resources are allocated to eMBB and URLLC PDSCH. 
In Figure 2(a), a UE is scheduled with an eMBB PDSCH. After that, a URLLC PDSCH is scheduled with non-overlapping frequency resources with eMBB PDSCH. 
For this case, i.e. scenario 1-1, handling the reception of PDSCHs from different services overlapping in time is needed. Since latency requirement needs to be satisfied for URLLC service, URLLC PDSCH reception should be prioritized. 
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[bookmark: _Ref513479899][bookmark: OLE_LINK9][bookmark: OLE_LINK26][bookmark: OLE_LINK35][bookmark: OLE_LINK8][bookmark: OLE_LINK18][bookmark: OLE_LINK19]Figure 2: Example of overlapping between eMBB PDSCH and URLLC PDSCH for a UE, (a) overlapping in time domain, (b) overlapping in both time and frequency domain
Another example is shown in Figure 2 (b). A URLLC PDSCH is scheduled with both overlapped frequency and time domain resources with eMBB PDSCH, i.e. scenario 1-2. The second scheduled PDSCH should have the higher priority. 
2.1 Single DL processing time is configured on the same serving cell
2.1.1 For two non-overlapping PDSCHs
In Rel-15, single DL processing time is supported on a serving cell. Even though single DL processing time is used on a serving cell, out-of-order HARQ operation may occur, i.e. gNB can indicate out of order HARQ-ACK timing within a slot. As shown in Figure 3, the starting symbol of PUCCH resource corresponding to the second PDSCH transmission is earlier than the start symbol of PUCCH resource corresponding to the first PDSCH. However, in Rel-15 UE will multiplex the two HARQ-ACK bits into one PUCCH resource within the slot such that there is no out-of-order issue for the actual PUCCH transmission. UE processes both PDSCH and feeds back the corresponding HARQ-ACK bits.
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Figure 3 Rel-15 scheduling
In Rel-16, it has been agreed that the PUCCH resource can base on sub-slot granularity. In this case, it is possible to support out-of-order HARQ-ACK feedback based on sub-slot granularity. For example, the HARQ-ACK corresponding to the second PDSCH can be transmitted in an earlier sub-slot, and the HARQ-ACK corresponding to the first PDSCH can be transmitted in a latter sub-slot within the same slot. This can be deemed as the extension of Rel-15 UE capability, i.e., Rel-15 UE supporting out-of-order HARQ operation. Thus, the out-of-order HARQ operation for two non-overlapping PDSCHs on a carrier with a single minimum processing timeline capability can be supported as UE capability. For UE with this capability, both PDSCHs are always processed. In Rel-15, if the first scheduled PDSCH occupies more than 136 RBs with 30 kHz SCS, and ends within 10 symbols before the start of the second scheduled PDSCH, the UE follows capability 1 processing time and may skip decoding the first scheduled PDSCH with last symbol within 10 symbols before the start of the second scheduled PDSCH. This restriction can be still followed for the single minimum processing timeline case. 
[bookmark: _Ref23870700][bookmark: _Ref24066597]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. 
2.1.2 For two overlapping PDSCHs
For two overlapping PDSCHs, for example one for eMBB service and another for URLLC service, UE capability processing both PDSCHs under both scenario 1-1 and 1-2 should be supported. If UE always processes URLLC PDSCH and drops the eMBB PDSCH, the performance of eMBB service would be decreased enormously. In the extreme case, eMBB service cannot be scheduled in a time interval. On the other hand, the dropped eMBB PDSCHs need to be rescheduled which would influence the resource utilization efficiency from system perspective. Thus, UE capability supporting to decode two PDSCHs is preferred in principle. On the contrary, UE with the lower capability can only process the high priority PDSCH and may drop the low priority PDSCH. 
[bookmark: _Ref24066636]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. 
In this case, the priority of the overlapping PDSCHs should be known by UE. In UCI section, some HARQ-ACK codebook differentiation methods are discussed. The similar methods can be reused for PDSCH priority determination in out of order HARQ operation other than based on chronological order of scheduled PDSCHs, i.e. the earlier or later scheduled PDSCHs.    
The priority determination can base on the following methods 
· Option 1: Based on the CORESET where the DCI is detected.
· Option 2: Based on RNTI.
· Option 3: Based on the DCI size.
· Option 4: Based on non-overlapping search space set where the DCI is detected.
· Option 5: Based on bits in the DCI.
For option 1, UE determines the corresponding priority of PDSCHs based on the CORESETs. Considering the maximum three CORESETs configuration per BWP, this option can influence the scheduling flexibility and potentially increase the PDCCH blocking probability.
For option 2, using RNTI to identify priority may increase false alarm probability. 
For option 3, it was agreed to introduce a new DCI format with a configurable DCI size. The DCI size can also be used to differentiate the priority of PDSCHs. 
For option 4, priority indication based on non-overlapping search space set, which requires configuration restriction at gNB side. Priority indication based on two non-overlapping search space sets is similar to the different CORESET configuration. If two search space sets corresponding to the different CORESET, the non-overlapping search space set restriction can be removed.
For option 5, new field or re-interpretation of existing field is required for priority determination.
For a single DL processing time configured on the same serving cell and two overlapping PDSCHs with out of order HARQ operation, these methods can be used for priority determination for UE with Capability B.
[bookmark: _Ref24066640]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.
2.2 The different DL processing time is configured on the same serving cell
For different DL processing time, two cases are discussed. 
· 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. Out-of-order HARQ-ACK operation is supported across PDSCHs of different processing timeline capabilities.
In our views, case 1 and case 2 has similarity in that both allow mixed PDSCHs with different processing capabilities by dynamic gNB scheduling. In addition, Case 1 and case 2 are not mutually exclusive. 
Case 2 is mainly for the scenario of eMBB/URLLC mixed services UEs with high speed scenario, thus has limited use case. However, if mixed PDSCHs with different processing capability are supported, it could support case 2. 
Case 1 is to use different processing capability for PDSCHs associated with different services, i.e. eMBB and URLLC. The idea is to allow UE to process eMBB PDSCH slower (using minimum processing timeline capability#1) than the URLLC PDSCH (using minimum processing timeline capability#2), such that UE is not mandated to process eMBB PDSCH with processing capability#2. Therefore UE power saving can be achieved. Adapting UE processing timeline has been studied in UE power saving SI in various aspects (including K0, K1, K2, PDCCH processing reduction) and was considered beneficial in general. Therefore, case 1 is beneficial. In addition, case 1 clearly has much wider use cases than case 2. 
Overall, considering the advantage from technical aspects and much wider use case, we support case 1. Case 2 can be supported in addition if necessity on optimizing high speed scenario for UEs with mixed eMBB and URLLC services is clarified.
[bookmark: _Ref20238306]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.
2.2.1 For two non-overlapping PDSCHs
Similar to the analysis above mentioned, always dropping PDSCH associated with minimum processing timeline capability 1 will lead to the performance decrease of certain service types, e.g. eMBB service in the case of two non-overlapping PDSCHs. UE should have the capability of decoding both PDSCH associated with different minimum processing timeline capabilities. 
If the minimum processing timeline is known by the UE before decoding the DCI, UE can quickly process both PDCCH and PDSCH with the minimum processing timeline 2 and the processing can be accelerated. Thus, it is suggested that UE can be aware of the minimum processing timing of the scheduled PDSCHs before decoding PDCCH. The following three options can be used for minimum processing timeline indication. 
· Option 1: Based on the CORESET where the DCI is detected.
· Option 2: Based on the DCI size
· Option 3: Based on a search space set where the DCI is detected
For option 1-3, PDSCH priority can be differentiated before decoding PDCCH. For option 3, two non-overlapping search space sets configuration or search space sets corresponding to the different CORESET is required for the minimum processing timeline indication. Considering SSS configuration in time domain, some SSS reserved for eMBB service can not be used for URLLC scheduling, which can lead to the negative impact on the latency of URLLC service. Therefore, option 1 or option 2 is preferred. 
[bookmark: _Ref24066651]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.
On the contrary, for some UEs without the capability to decode both PDSCHs with the mixed minimum processing timeline capability, the processing of PDSCH with minimum processing timeline capability 2 should be guaranteed. It should be clarified whether it needs that the minimum processing timeline is known by the UE before decoding the DCI. In our views, this is also beneficial for speeding up the processing of URLLC service.
[bookmark: _Ref24066669]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.
2.2.2 For two overlapping PDSCHs
Similar to the mixed processing timeline capability and non-overlapping PDSCHs case, for two overlapping PDSCHs, UE capability supporting to decode two PDSCH corresponding to the different processing timeline capability should be defined. The minimum processing of PDSCHs can be derived by CORESET or DCI size.
[bookmark: _Ref24066673]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.
For UE with the lower capability, the processing the high priority PDSCH should be guaranteed and the low priority PDSCH can be dropped. 
For priority determination of PDSCHs, the methods in section 2.2.1 can be reused, i.e. PDSCH priority determination based on CORESET where the DCI is detected or DCI size is suggested.
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 or DCI size.
[bookmark: _Ref24066678]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.
In URLLC enhancement, three types of indications are discussed, e.g. HARQ codebook indication, PDSCH priority indication and minimum processing timeline indication. From the simplicity of specification and implementation, a unified solution for these indications is suggested.  
[bookmark: _Ref23870737]Proposal 9: A unified solution is applied for indication for HARQ-ACK codebook, PDSCH priority and minimum processing timing.
As above mentioned, when UE has received two DL assignments with overlapping PDSCHs with the different priorities in time domain, the different HARQ codebook constructing would be performed. UE should generate HARQ-ACK bits corresponding to two PDSCHs in HARQ codebook constructing, which avoids the confusion between gNB and UE on the number of HARQ-ACK bits. On the other hand, it is also possible that UE decode the low priority PDSCHs successfully, even when low priority PDSCH is preempted. In this case, it is reasonable for UE to feed back HARQ-ACK bits. When UE drops the low priority PDSCH or decodes the low priority PDSCH unsuccessfully, the NACK should be fed back to gNB. Otherwise, if the high priority PDSCH is decoded successfully, ACK is transmitted. Therefore, the working assumption can be confirmed.
[bookmark: _Ref20487892][bookmark: _GoBack]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.
3 Conclusion
In the contribution, we have some investigations on enhancement to scheduling/HARQ, and propose that,
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.
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