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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. Out-of-order HARQ-ACK
The following agreements were achieved for out-of-order HARQ-ACK at the RAN1 #96 meeting [2]. 
	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.



In the following, we discuss the solutions from UE implementation, resource utilization, and specification impact perspectives. 

UE implementation perspective
Solution 1 mandates UE to process the second PDSCH, while it does not mandate UE to conduct either dropping or receiving the first PDSCH; in other words, the UE behaviour for processing the first PDSCH is totally up to UE implementation. Solution 2 allows UE to report a UE capability of OOO HARQ-ACK process. However, once the UE reports the capability of OOO HARQ-ACK, the UE shall be able to process the first PDSCH as well as the second PDSCH with no condition. Solution 3 seems the same as solution 2, with an example of the UE capability. Solution 4-1 mandates UE to drop the first PDSCH even if the UE has successfully decoded the first PDSCH and already start processing of an ACK generation for the first PDSCH as shown in Fig.1, which implies that the UE implementation, complexity is very high. Solution 4-2 highly depends on the condition and therefore cannot judge whether the implementation complexity is high or low. In summary, solution 1 has less complexity compared to other solutions from UE implementation perspective, and solution 4-2 may or may not complicate the implementation. 
Observation 1:
· Solution 1 has less complexity from UE implementation perspective.
· Depending on the conditions, Solution 4-2 may or may not complicate UE implementation.
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Fig.1 Illustration of UE processing procedure for OOO HARQ-ACK

Performance perspective
For OOO HARQ-ACK, the most important thing is to ensure that the UE prioritizes processing the second PDSCH when the OOO HARQ-ACK occurs. Processing the first PDSCH is a kind of ‘bonus’ that can further improve the total performance. With solution 1, processing the second PDSCH is ensured, while the NW cannot expect/predict whether the UE processes the first PDSCH. It is difficult to differentiate solution 2 and solution 3 from performance perspective. For solution 2 and 3, it is understood that the UE processes the second PDSCH (as well as the first PDSCH) if the UE has the UE capability or if the certain conditions are met; However, when the UE does not have the UE capability or if the certain conditions are not met, it is quite unclear whether the UE still processes the second PDSCH. Although solution 4-2 does not state whether the UE processing of the first PDSCH or the second PDSCH when certain conditions are not met, it is reasonable to assume that the UE drops the first PDSCH while processes the second PDSCH. Solution 4-1 does not allow a possibility of successful decoding of the first PDSCH. Taking all these aspects, solution 4-2 seems to achieve the best  performance if the UE processes the second PDSCH. 
Observation 2:
· From performance perspective, 
· If the UE always processes the second PDSCH with the solutions 2, 3, and 4-2, then the solution 1 or solution 4-2 is preferred.
· If the UE may not process the second PDSCH with the solutions 2, 3, and 4-2, then the solution 1 is preferred. 
· Solution 2, 3, or 4-2 requires further clarification on whether the second PDSCH is processed even if the UE does not have the capability or even if the condition is not met for processing both of the first PDSCH and the second PDSCH of OOO HARQ-ACK.

Spec impact perspective
Solution 1 does not require specifying the UE behaviour for processing the first PDSCH. However, it is beneficial if UE reports HARQ-ACK for the first PDSCH, depending on how UE decides to process the first PDSCH. In this case, NW can still have the chance to understand UE’s behaviour for the first PDSCH, which facilitates NW’s scheduling decision and improves resource usage. Solution 2, 3 and 4-2 require to introduce either UE capability signalling or scheduling conditions. It is expected that defining UE capability would be the most complicated. Therefore, it appears that the solution 1 would have the least specification impact.
Observation 3:
· Solution 1 has the least specification impacts.

The comparison for above 4 solutions is summarized in Table. 1 below. 

Table 1: Analysis of possible solutions
	Design aspect
	Solution 1
	Solution 2
	Solution 3
	Solution 4-1
	Solution 4-2

	UE implementation complexity
	Low 😊
	High for a UE having the capability ☹
	Depends on the condition 😐
	High due to always drop the 1st PDSCH ☹
	Depends on the condition 😐 

	Performance
	Middle 😐

2nd PDSCH is processed

1st PDSCH may be processed
	High for a UE having the capability 😊

Not clear whether 2nd PDSCH is processed when the UE does not report the capability


	High for the case where the condition is satisfied😊

Not clear whether 2nd PDSCH is processed when conditions are not met

	Low☹

Not clear whether 2nd PDSCH is processed

1st PDSCH is not processed

	High for the case when the conditions are satisfied😊

Not clear whether 2nd PDSCH is processed when conditions are not met 


	Spec impact
	Small 😊
FFS whether UE reports HARQ-ACK to 1st PDSCH
	Large ☹
Introduce UE capability signalling
	Depends on the condition 😐
	Small 😊
FFS whether UE reports HARQ-ACK to 1st PDSCH
	Depends on the condition 😐



Based on the analysis above, solution 1 can be the best approach for OOO HARQ-ACK operation from the all the perspectives. On the other hand, if it is clarified that UE always processes the second PDSCH with solution 2/3, or 4-2 can be further considered. Therefore, we propose to clarify solution 4-2 and further down-select one of solution 1 or 4-2.

Proposal 1:
· Clarify that with solution 2, 3, or 4-2, even if the UE does not have the capability or even if the condition is not met for processing both of the first PDSCH and the second PDSCH of OOO HARQ-ACK solution 2, 3, and 4-2 requires further clarification on whether the second PDSCH is processed.
· If yes, select solution 1 or 4-2 for out-of-order of HARQ-ACK.
· If no, select solution 1 for out-of-order HARQ-ACK.

Regarding the FFS, “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,” we think that OOO HARQ-ACK operation should be allowed in the following two cases:
· Case 1: UE processing capability #1 is applied for 1st PDSCH and UE processing capability #2 is applied for 2nd PDSCH
· Case 2: UE processing capability #2 is applied for both 1st and 2nd PDSCH
Case 1 should be supported for eMBB/URLLC multiplexing.
For case 2, 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, case 2 should also be supported. 

Observation 4:
· Out-of-order HARQ-ACK operation should be applied to the following case:
· UE processing capability #1 is applied for 1st PDSCH and UE processing capability #2 is applied for 2nd PDSCH
· UE processing capability #2 is applied for both 1st and 2nd PDSCH

2.2. Out-of-order PUSCH scheduling
Similar to out-of-order HARQ-ACK, the following agreements were achieved related to out-of-order PUSCH scheduling at the RAN1 #96 meeting [2].

	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.



The discussions for OOO HARQ-ACK in section 2.1 are applicable to OOO PUSCH scheduling. The most important thing is to ensure that the UE prioritizes processing the second PDSCH when the OOO PUSCH scheduling occurs. Same as for OOO HARQ-ACK in section 2.1, it should be clarified whether solution 2, 3, or 4-2 ensures at least processing the second PUSCH. Compared to OOO HARQ-ACK, solution 1 for OOO PUSCH scheduling is less attractive; it is beneficial if the NW can know whether the UE transmits the first PUSCH or not; otherwise, NW needs to distinguish why the first PUSCH is not detected from (1) UL grant miss detection, (2) gNB PUSCH decoding error, or (3) skipping due to OOO PUSCH scheduling. 
Proposal 2:
· Clarify that with solution 2, 3, or 4-2, even if the UE does not have the capability or even if the condition is not met for processing both of the first scheduled PUSCH and the second scheduled PUSCH of OOO PUSCH scheduling solution 2, 3, and 4-2 requires further clarification on whether the second scheduled PUSCH is processed.
· If yes, select solution 1 or 4-2 for out-of-order of PUSCH scheduling.
· If no, select solution 1 for out-of-order PUSCH scheduling.

In addition, transmit power control (TPC) for UL should be considered in out-of-order PUSCH scheduling. If the TPC command is set to be accumulated, further discussion is needed on whether the TPC command for different traffic can be shared or separated. For URLLC traffic, it is beneficial to allow the TPC command update based on the latest received TPC command for faster TPC adjustment. On the other hand, whether to allow TPC overwriting in case of out-of-order PUSCH scheduling can also be discussed. For example, TPC command to first scheduled PUSCH, , would be outdated because another TPC command to second scheduled PUSCH, ,  is more up-to-date. In such a case, UE should transmit the first scheduled PUSCH with the second TPC command, , rather than with .
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Fig. 2	Example of outdated TPC command.

Proposal 3:
· 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.

2.3. Switching between UE capability #1 and UE capability #2
In Rel-15, UE processing capability #2 is configured per CC by RRC signalling. Different CCs can have different UE capabilities. For one CC and for PDSCH, UE processes PDSCH using UE capability #2 on the carrier when the higher layer parameter, Capability2-PDSCH-Processing in pdsch-Config, is configured for the cell and set to enable as long as the scheduled RB allocation does not exceed 136 RBs for SCS=30kHz. Otherwise, UE processes PDSCH using UE processing capability #1. As such, dynamic switching between different UE capabilities for PDSCH processing depends on the scheduling condition. Similar to PDSCH configuration, UE processing capability #2 is applied for PUSCH on the carrier when the higher layer parameter, Capability2-PUSCH-Processing in pusch-Config, is configured for the cell and set to enable However, in Rel.15, dynamic switching between different UE capabilities for PUSCH processing is not supported. 
To support OOO HARQ-ACK and PUSCH scheduling on one carrier, the dynamic switching between different UE capabilities should be the baseline for both PDSCH and PUSCH processing. Compared to Rel.15, the switching conditions should be related to the traffic ‘priority’. Further discussion is needed on how to derive the priority, which can be discussed together with the intra-UE multiplexing and UCI enhancements together. 

Proposal 4:
· Support dynamic switching between UE processing capabilities for OOO HARQ-ACK and PUSCH scheduling. 
· Which processing capability to be used depends on the traffic priority.
· Discuss together with intra-UE multiplexing and UCI enhancements AIs on how to determine the priority.

2.4. Intra-UE DL prioritization
How to handle DL data confliction for overlapping PDSCHs in time-domain is captured in this WID scope [1]. The overview of the DL data confliction is illustrated as Fig. 3 below. There are two cases to be considered for overlapping PDSCHs in time-domain; Case 1 is that the two PDSCHs are only overlapped in time-domain but not overlapped in frequency-domain while Case 2 is that two PDSCHs are overlapped in both time-domain and frequency-domain.
[image: ]
(a) Case 1					(b) Case 2
Fig. 3	DL data confliction.
At least for case 2, a UE needs to prioritize one PDSCH reception for DL. For case 1, it is possible that a UE can simultaneously process multiple PDSCHs if the UE has high capability; for example, if the UE is capable of intra-band DL-CA, the UE has processing capability of simultaneously receiving multiple PDSCHs in the given band from both BB and RF point of views and therefore, it would be feasible to enable simultaneous processing in this situation. However, if the UE cannot simultaneously handle multiple PDSCHs, then same handling as for case 2 can be applied. In the following, we will mainly discuss the case one of two transmissions needs to be prioritized on the overlapped resource. 
In the both cases presented above, there are two possible issues to be discussed. 
· Issue 1: Priority of processing PDSCHs
· Issue 2: Whether to indicate HARQ-ACK for dropped PDSCH(s) or not

Regarding issue 1, when more than one PDSCHs are overlapped in time-domain/frequency-domain, it is needed to discuss which PDSCH is prioritized to process as explained above. As summarized in [3], two priority rules have been proposed at the RAN1 #96 meeting. One is that later scheduled PDSCH is prioritized. Another is that the priority is indicated by PHY layer such as DCI format or RNTI. Assuming that the network schedules only two PDSCHs overlapping in time-domain/frequency-domain, the priority of PDSCHs may be implicitly understandable based on scheduled timing of the PDSCHs since if the second PDSCH scheduled later is not urgent, gNB will not schedule it on the overlapped resources. However, priority identification is necessary for HARQ-ACK feedback in order to distinguish whether the HARQ-ACK bit belongs to eMBB or URLLC. As described in [4], more than one PUCCH for HARQ-ACK transmission within a slot and two HARQ-ACK codebooks construction is presented for WID scope of UCI enhancements for URLLC. For these enhancements, it is needed to distinguish traffic types. Thus, it can be said that priority identification for traffics are needed for processing overlapped PDSCHs. Regarding issue 2, if overlapping PDSCH(s) is/are dropped, UE should provide HARQ-ACK feedback associated with the PDSCH in order to maintain common understanding between NW and UE on what HARQ-ACK is reported. 

Proposal 5:
· Priority identification for traffics are needed, while how to realize it explicitly or implicitly needs FFS.
· UE shall provide HARQ-ACK feedback for all of the overlapping PDSCHs. 

3. Conclusion
In this contribution, we proposed following for enhancements to scheduling/HARQ.
Observation 1:
· Solution 1 has less complexity from UE implementation perspective.
· Depending on the conditions, Solution 4-2 may or may not complicate UE implementation.
Observation 2:
· From performance perspective, 
· If the UE always processes the second PDSCH with the solutions 2, 3, and 4-2, then the solution 1 or solution 4-2 is preferred.
· If the UE may not process the second PDSCH with the solutions 2, 3, and 4-2, then the solution 1 is preferred. 
· Solution 2, 3, or 4-2 requires further clarification on whether the second PDSCH is processed even if the UE does not have the capability or even if the condition is not met for processing both of the first PDSCH and the second PDSCH of OOO HARQ-ACK.
Observation 3:
· Solution 1 has the least specification impacts.
Proposal 1:
· Clarify that with solution 2, 3, or 4-2, even if the UE does not have the capability or even if the condition is not met for processing both of the first PDSCH and the second PDSCH of OOO HARQ-ACK solution 2, 3, and 4-2 requires further clarification on whether the second PDSCH is processed.
· If yes, select solution 1 or 4-2 for out-of-order of HARQ-ACK.
· If no, select solution 1 for out-of-order HARQ-ACK.
Observation 4:
· Out-of-order HARQ-ACK operation should be applied to the following case:
· UE processing capability #1 is applied for 1st PDSCH and UE processing capability #2 is applied for 2nd PDSCH
· UE processing capability #2 is applied for both 1st and 2nd PDSCH
Proposal 2:
· Clarify that with solution 2, 3, or 4-2, even if the UE does not have the capability or even if the condition is not met for processing both of the first scheduled PUSCH and the second scheduled PUSCH of OOO PUSCH scheduling solution 2, 3, and 4-2 requires further clarification on whether the second scheduled PUSCH is processed.
· If yes, select solution 1 or 4-2 for out-of-order of PUSCH scheduling.
· If no, select solution 1 for out-of-order PUSCH scheduling.
Proposal 3:
· 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.
Proposal 4:
· Support dynamic switching between UE processing capabilities for OOO HARQ-ACK and PUSCH scheduling. 
· Which processing capability to be used depends on the traffic priority.
· Discuss together with intra-UE multiplexing and UCI enhancements AIs on how to determine the priority.
Proposal 5:
· Priority identification for traffics are needed, while how to realize it explicitly or implicitly needs FFS.
· UE shall provide HARQ-ACK feedback for all of the overlapping PDSCHs. 
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